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CLINICAL AND EXPERIMENTAL 


AN EXPEKBIENTAL STUDY OP THE LYMPHOCYTIC RESPONSE 

IN THYROTOXICOSIS" 


L. A, Turley, Ph.D., and IC. M. Richter, Ph.D. 
Oklahoma City, Okla. 


'pOSITIVE evidence for the existence of a th.yroid-iymphoid I'elationship is 
A indicated by numerous clinical and pathologic observations (Plummer,^ 
Palta,= and others) and liy numerous experimental studies (Hosliins®; Kahn%- 
Gudernatsch'; Marine, Manley, and Baumann®; and Adams and ShevkeU; and 
others), but positive evidence showing whether the Ijnnpliatic hyperplasia and 
consequent lymphocytosis is or is not functionallj'’ related to the hyperthyrosis 
IS lacking ; although, as Rowntree® points out, tlijunic hyperplasia in exophthalmic 
goiter ha.s been considered by some as a compensatory hypertrophj', and Guder- 
natsch concluded that the thjmius, spleen, and perhaps other lymphoid tissues 
as well, constitute glands with a positive internal secretion. 


The present study was initiated by the constant oliservation by one of us 
(Turley) through thirty years of pathologic investigation that (1) hjqierthjn-osls 
is accompanied by a lymphocjlosis ; (2) the phenomenon of lymphocjdic infiltra- 
tion of the thyroid gland in thyrotoxicosis is interpretable' in the light of the 
law of phagocytic infiltration, viz., that phagocjfies infiltrate tissues at the site 
of pathologic processes; (3) all experimental work so far reported could be 
interpreted on a functional ba.sis; and (4) the relation, whatever its nature in 
volved the lymphocytes as cells more than it did Ijonphatic tissues as organs 
in view of these indications it seemed desirable that an attempt be made to 
determine whether the generalized hmiphoid hyperplasia and the hunphoevtes 

m diyrotoxic lympliocytoses are performing a function related to' the tlm-o 
toxicosis. LiL'-lO- 
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METHODS 

The experiinenlal animals used were guinea j)igs weighing between 300 and 
500 Gm. each. The animals were divided into three groui)s. In group I eaeli 
animal was fed a balanced diet to which was added cither 1 or 4 grains of 
thyroid substance daily. In group IT each animal was fed daily a normal diet 
plus 1.5 Gm. of alcuronat. In group III each animal received daily 1 grain of 
thyroid and 1.5 Gm. of alcuronat jdus a normal diet, h’our animals were u.sed 
in group I, 6 in group II, and 8 in group III. 

Total and differential blood counts, hemoglobin e.stimates, and weighings 
were made daily on each animal. As nearly ns possible, blood was taken from 
each animal at the same hour every day. To avoid a generalized traumatic reac- 
tion in the ear and its po.ssible effects on the blood picture, a single ear vein 
was severed in the right and left eai-s on alternate day.s. When deaths occurred, 
autopsies were done and tissues of all pertinent (U'gans were taken for micro- 
scopic study. 

In a preliminary scries of studies the animals of groups II and III con- 
tracted pneumonia during the cour.se of experimentation. This complicated 
our result.s and made it difficult, if not impo.ssiblc, to distinguish between the 
immediate effects of the drugs administered and the effects of the pneumonic 
condition. Because of this complication, and because of the positive indications 
of these experiments, a second series of groups II and III experiments were 
performed, during which our animals were maintained free of intereurrent 
infection. In the following discu.ssion of thc.se studies, all remarks concerning 
groups II and III have reference to these second series unless definitely slated 
to pertain to the first and preliminary groups II and III experiments. 

RESULTS 

Group I: The average survival time of lhc.se animals was tlu'ee days. Of 
this group animals 1 and 2, receiving 1 grain of thyroid daily, lived 3.2 days; 
and animals 3 and 4, receiving 4 grains daily, lived only two days (Fig, lA). 

All the animals lost weight rapidly. Those receiving 1 grain of thyroid 
lost 29.5 Gm. daily, and those receiving 4 grains lost 72.5 Gm. daily (Figs. 
2, 3A). 

Erythrocyte counts varied individually and according to the amount of 
thju’oid substance administered. The number of red blood cells increased in 
those animals receiving 1 grain of lliyroid substance and decreased in those 
receiving 4 grains (Pig. 2). 

Pour prominent alterations in the leucocytic formula occurred. (1) In all 
but one animal a persistent leucopenia developed. (2) In all animals lympho- 
cytes were dominant, both absolutely and relatively, during experimentation. 
(3) All but one animal showed an absolute but variable increase in the number 
of lymphocytes at the end of the first experimental day, and on all subsequent 
days an irregular but absolute decrease in ljunphocytes occurred. (4) In every 
case the number of neutrophiles decreased during experimentation (Fig. 2). 
Significant alterations in the number of eosinophiles, basophiles, and monocytes 
did not occur. 
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Gi-oup II: No deaths occurred during llic course of experimentation 
which lasted thirty-two days (Fig. 1). Animal 4 was sacrificed for tissue and 
autopsy ou the fifty-first day, and tlic otliers on the 120(h day. Tlie autopsy 
material appeared negative. 

Except for an occasional variation, all the animals in this group gained 
weight during the course of experimentation. Animal 2 developed a temporary 
infection and was disregarded in our interpretations. Animals 1, 3, and 4, con- 
sidered collectively, gained weight at the rate of 1.3 Gm. daily (Pigs. 3A 
and 5). Weight changes in these animals occurred in diphasic cycles; that is, 
for a period of one to three daj’s weight increases of 3 to 10 Gm. dailj’" occurred, 
and then for a period of about the same duration little or no weight would he 
gained, or a little might be lost. Such diphasic cycl&s arc repeated (Pigs. 5, 6) . 



INFECTION FREE PNEUAAONIC 

A B 


Fiff, 1 . — A comparative chart showing the survival time in clays o£ the animals o£ experi- 
mental groups I. Il, and III. A, second series of experiments which were free o£ intercurrent 
infection; B, preliminary experiments in which pneumonia intervened; C7. animal 3, the only 
group 111 animal to die of this treatment. 

Alterations in the peripheral blood were pronounced. The number of red 
blood cells varied characteristically from day to day and with a moderate in- 
crease (Pigs. 5, 6) . Although the total number of white blood cells showed daily 
wide variations, the average daily count for animals 1, 3, and 4 during thirty- 
one experimental days was only 6 per cent above normal (Pigs. 5, 6). Changes 
in the leucocytic formula were the most pronounced and were characterized by an 
absolute and persistent increase in the number of Ijrmphocytes and by an absolute 
decrease in neutrophiles (Pigs. 4, 5, 6). There were no changes in the number 
of other blood cell types from normal. 

The developmental sequence of these alterations in the leucocytic formula 
can he easily discerned from the graplis, but it is desirable to point out, first, that 
tliere is an immediate rise in the number of lymphocjdes, and that by the sixth 
experimental day the absolute number of lymphocytes may be from one and live- 
tenths to three limes larger than the normal number (Pigs. 5, 6) ; and second 
that marked leucocjdoses occur rhythmically in cycles which, n-ith a fair degree 
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Fig, 2. — A graph of the <hiily altcnitiona In weight and In the bloo<I picture of the group I 
animals. Animals 1 and 2 were fed 1 grain of thyroid dail.v; animal.s 3 and 1 were fed 1 
grains of tliyroid daily. 
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INFECTION FREE PNEUMONIC 
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Fig. S. — A compai’ative chart sliowmg tlie average daily rate of weiglit change in animals 
of experimental groups I, II. and 111. A. second series of e.xperiments which were not com- 
nlicated bv intercurrent infection; B, preliminary experiments in wliich pneumonia intervened: 
O', animal" 3, the only group III animal to die of this particular treatment. 



TUnLKY-BlCIlTKU ; LYMPHOCYTIC RRSPONSK IN TMYKOTOXICOSIS 0 

Of accuracy, coincide phase by phase with the cyclic n'cighl cliaugcs mentioned 
above, and that there is an even closer correlation between cyclic lymphocytoses 
and the weight changes (Fig. 6) . 

Group III; All hut one of tlie group III animals receiving lethal doses of 
thyroid substance in conjunction with alcuronat lived for an indcfinitelj’’ long 
time. Only animal 3 died during the course of experimentation, but it lived 
thirteen days. The exact length of time that the other animals could have 
survived this treatment is not known. Animals 1 and 6 received these drugs for 
thirty-one days, and animals 2, 4, and 5, for thirty-nine days, without showing 
evidence of impending death, and in immediately subsequent expeiiments per- 
formed on them, lasting from twenty to .sixty days longer, death did not result 
(Fig. 1). 

Ltjmphs per 
c.mm. blood 



Fig. 4 . — A comparative chart showing the average number of lymphocytes per cubic 
millimeter of blood per experimental day (diagonally lined columns) and the average normal 
number of lymphocytes per cubic millimeter of blood (stippled columns) of the animals of 
groups 1, II. and III. 

The animals in our preliminary group III experiments who contracted and 
actually died of pneumonia lived 16.5 days (Fig. IB ) . 

In this group the weight changes of every animal were basically alike, being 
characterized by three common alterations. (1) For a varying number of days 
each animal progressively lost weight, until about one-third of its original weight 
was lost. (2) This was followed by an indefinite number of days during which 
the body weight was stabilized and characterized by minor weight gains and 
subsequent losses to the basic low-iveight level. (3) "Weight loss occurred 
rhythmically in diphasic cycles occupying a varying number of days, usually 
three to seven. The first pliase is characterized by either a sliglit loss or gain 
or no change in weiglit, and the second by a marked weight loss exceeding tlm 
weight changes of the first phase whatever they may be (Pigs. 7, 8). The eol- 
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lective daily weight loss of animals 3, 2, 4, 5, and 6 was 3.5 Gm. Animal 3, which 
died in thirteen day.s, lost 6.9 Gm daily, Avhieh is double the weight lost by the 
others (Fig. 3A). 

The average daily weight loss of our preliminary group III animals was 30 
Gm. (Fig. W). 

The number of red blood cells wth daily variations increased above nomal 
(Figs. 7, 8). There was much daily variation in the total number of white 
blood cells. The average white blood coll count of animals 1, 2, 4, and 6 during 
the course of experimentation wa.s only 6 per cent lower than normal. Altera- 
tions m the leucocytic formulas of these animals .showed the closest agreement 
possible. For the first few days (one to five) the number of lymjfiiocytes re- 
mained near the normal level or slightly below it. but this period was followed 
by a marked rise in the lym]fiioeytes .so that, inclusive of both periods, the average 
number of l%'n\phocyte.s per experimental day was 35.7 ]H'r cent above normal 
(Figs. 4, 7. 8). The ncuti'ophiles increased slightly during the first two day.s of 
experimentation, but they later decrea.sed considerably below normal to a 
stabilized level. The average number of ncnlro])hiles per experimental day 
was 36.8 per cent below normal (Figs. 7, S). 

Animal 5, although \mlniown to us in the beginning, had a ])rccxperimental 
existing pathology. Its total white blood cell count before experimentation was 
12,960, of which 76.5 per cent were Ijnnphocytcs and 19.5 per cent were neutro- 
philes. During the course of experimentation, the total white blood cell count 
was on the average 35.7 per cent below this animal’.s nonnal. but this was due 
mostly to a 29.3 per cent (in absolute terms 2.914 cells per cubic millimeter) de- 
crease in the number of lymphoeyto.s, and to a lesser extent by a 47.7 per cent 
(1,320 cells per cubic millimeter) decrease in the ncutrophilcs. After suspension 
of the experimental feeding, the blood picture returned to the normal for this 
animal. 

The total white cell count of animal 3 was reduced 12.2 per cent during the 
course of study. Alterations in the leucocytic formula were like those of animals 
1, 2, 4, and 6 for the first six day.s, but on the seventh day the neutro]>hilcs in- 
creased to near the normal number, and for the remainder of the time that this 
animal lived, the leucocytic fornmla was practically normal. 

In all animals of this group lymphocytoses occurred rhythmically in diphasic 
cycles which coincided phase by phase with concurrent cvelic weight chano'cs 
(Fig. ,8). 

Our experimental method was built upon the proposition that if lymphocytes 
were functionally related to a hj-perthyroid condition, an added concurrent 
stimulation of Ijnnphopoieses and l.vmphoejdosis in an experimental hyper- 
thjToid state should mitigate the effects of this hyperthyroid state. Experi- 
mental bases of comparison were establi.shed by the experimental series of 
groups I and II. 

Our group II series of experiments showed that aleuronat when taken by 
mouth induces a generalized Ijunphoid reaction in which a persistent and high 
Ijunphoeytosis is characteristic of the peripheral blood. The exact modus 
operand! of aleuronat in effecting lymphoeytogenesis is unknown, but it seems 
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Fig. 5.- 


Flg. 



•A composite graph of the daily alteration.s in weight and blood picture of animals 1, 3, 
and 4 of group II which were fed aleuronat. 



0.-A gr.aph Showing the daily alteraUons in weight and blood picture of animal 3 of 



8 


TIIK JOUKN'AL OF LAHORATOUV AND CIANICAIi MKDICINK 


to be soniethiutr of a toxic reaction. If weight loss may be used in tlii.s instance to 
indicate toxicity, it is evident that the alouronat in the anionnt.s given Avas 
only slightly toxic because the animals in this series actually gained weigiit 
during the greater part of these experiments which lasted thirty-two days, and 
when weight loss did occur, it was so slight and of sueli short duration that it 
.seems negligible and to have little bearing on the final inter])relalion of our 
results. 



Fig. 7 . — A composite grapli showing tlie d.-illy aitcrations in weiglit and blood picture of 
animals 1, 2. i, and 6 of group HI wliicli were fed thyroid and alcuronat 

Our group I series of experiments slioAved that the hyperthyroid state in- 
duced by the daily administration of 1 grain of thyroid substance causes death 
after three days of treatment; that death is preceded by marked daily weight 
losses, and by a progressive decrease in the degree of lymphocytosis on days 
subsequent to the first experimental day Avhieh varies directly with the amount of 
thju-oid given. The latter phenomenon is subject to many interpretations, but 
we believe that the lymphocjdes are “used-up” in some manner faster than they 
can be produced. We rather doubt that the reduction in the number of Ij'mpho- 
eytes in peripheral blood is due to a premature death of the Ijanphoeytes because 
of an increased metabolic effect of thju'oxin, because thjmoxin seems unable to 
increase metabolic activity of Ijonphoid tissue (Anselmino, Bichler, and Schloss- 
mann®). 



turley-richter; lymphocytic response in thyrotoxicosis J 

With this Imowledge of llic individual effects produced by tlie daily adnim- 
istration of 1 grain of thyroid and 1.5 Giu. of aleuronat, an inlorpretation lie- 
comes possible of the results obtained in our group III series of expernnents, m 
which both of these drugs in the amounts just indicated were administered 
jointly. The results of tliesc group III experiments .showed that, although 1 
grain of thyroid substance daily did induce a marked hyperthyroid state in these 



Pig. 8 — A graph showing the daily alterations in tveight and blood picture of animal 1, 

group III. 

animals when administered in conjunction witli aleuronat, the severity of the 
hyperthyrosis was considerably less than that produced wlien this amount of 
thyroid substance was given alone, as in group I. In view of the facts that all 
the animals in group III lived longer, and, with the exception of one animal, 
lived indefinitely longer than did tliose of group I; and that the rate of weight 
loss experienced by these animals was but a fraction of that of the animals of 
group I ; and that even the animals of our preliminarj' group III experiments 
who contracted and actually died of pneumonia lived five times longer and lost 
weight more slowly than the animals of Group I; the inevitable conclusion is, 
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that tlie mitigation of the known potential fatal efTects of 1 grain of tliyroid 
substance when taken daily must liave been due to the lym])hoeytogenic effect 
of the aleuronat, and that the lymphocytes constituted the means hy which this 
mitigation was accomplished. It would seem that this inference is correct for 
several additional reasons. (1) In all group III animals there was an almo.st 
direct correlation phase by phase of cyclic lymphocytoses with cyclic weight lasses 
which showed that when the number of lymphocytes increased, the rate of weight 
loss decreased; and when the number of lymphocytes decreased, the rate of 
weight loss increased. In group II such a correlation is also evident, for the 
rate of weight gain is greater when the number of lymphocytes increases; and 
conversely, when the number of Ijunphocytcs decreases, the rate of weight gain 
decreases. (2) The only death occurring among the group III animals involved 
an animal whose hemopoietic system failed to re.spond as expected on the 
basis of the group II experiments to aleuronat stimulation. (3) Animal 5, group 
III, which before experimentation had an existent pathology requiring a high 
IjTuphocytosis was able to mitigate completely the fatal effects of lethal doses 
of thyroid substance even in the face of a persistent and lower degree of lympho- 
cytosis which occurred during the course of e.xperimcntation. However, the 
total lymphocyte count of this animal, in spite of this reduction, was above that 
of the animals of group I and above that of animal 3 of group III which died 
because of a poor l 3 'mphocytie response. (4) In supplementaiy e.xperiments 
on two animals in group III to test the effects of continued thyroid feeding 
alone, a h'mphoc.vtosis was maintained at a high level. (5) Death occurred in 
eveiy instance when the time rate and degree of l.vmphopoietic response was less 
than the time rate and degree of development of the th.vrotoxicosis. (6) It would 
seem further that the mitigation was due directly to the l^nuphocytes rather than 
to auj” reaction between aleuronat and thjTOxine, or to the action of antihormonal 
substances, because two animals of group III which were fed thjToid in the 
absence of aleuronat for thirtj' daj’s or longer in supplementar.v experiments 
shoAved no augmented tlijn’otoxie sj-mptoms; and when the dose of thyroid was 
suddenly increased, death occurred as promptly as it did in those animals of 
group I. 

CONCLUSIONS 

(1) Aleuronat when taken bj" mouth, and in dos&s of 1.5 Gm. dailj', induced 
a characteristic Ijmiphocj'tosis in the blood of guinea pigs Aveighing betA\-een 
300 and 500 grams each. This Ijunphocytogenic effect of aleuronat maj' haA'C 
been due to the fact that the drug Avas slight^’- toxic. 

(2) The dailj^ feeding of 1 grain of desiccated thyroid substance to half- 
groAAm guinea pigs produced a thju-otoxicosis AA'hich Avas fatal in from tAvo to four 
daj's. 

(3) The daity feeding of 1,5 Gm. of the l.ATnphocj^togenie drug, aleuronat, 
in addition to a dailj^ lethal dose (1 grain) of thj'roid substance to half-groAvn 
guinea pigs either prcA'ented completelj" or delaj'ed the development of a fatal 
thju’otoxicosis. The eAudenee indicated that the living Ij-mphoejTes constituted 
the means by AA'hich this mitigation of the knoAATi potential fatal effect of daily 
1 grain doses of thj'i'oid AA'as accomplished. 
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(4) The bnnphocytes in thyrotoxic lymphocytosis arc performing a function 
directly related to the alleviation of the thyrotoxicosis. 

(5) It would further seem that the lymphocytic infiltration of toxic thyroid 
glands is an expression of this lymphoc,vtic function. 
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A STATISTICAL STUDY OP TEMPEKATURES IN 
HYPOGLYCEMIC COMA® 


Esther Bogen Tietz, M.D., Ph.D., Cecile Nadler, B.A., and 
Edith Klemperer, M.D., Cincinnati, Ohio 


introduction 


' I 'HE use of hypoglycemic comas in the treatment of schizophrenic patients 
presents such striking clinical features that there is a temptation to gen- 
eralize from observations during the treatments. This is particularly so if the 
observation is repeated in a number of different cases. One of the most sig- 
nificant physical changes induced by insulin hj^poglycemia is low body tem- 
perature, the reading sometimes being below 90 degrees. The depth to which 
these temperatures will drop seems to vary greatly, hut observations suggest 
that they bear some interesting constant features. It was noticed for instance 
that in some cases patients whose temperatures dropped very low during the 
early treatment periods did not reach such a low point during later treatments. 
It seemed, therefore, to he of some interest to determine whether a statistical 
analysis of a sufficient number of cases would yield any reliable date concerning 
this rise. We -svished to determine whether it bore some definite relationship to 
the outcome of the treatment; whether it was related to the dosage of insulin 
used, or whether it was an individual expression of the patient treated. 


‘From the I^ongview State Hospital, Cincinnati, Ohio, anti the Dpnni-tmpnt . 

College of Medicine, Univer.sity of Cincinnati. i^epartment of Psj-chiatrj', 

Received for publication, August 15, 1910. 
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33rd Degree Scottish Rite. Northern M.asonlc Jurisdiction? IJ. S. A?” “ Supreme Council, 
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Patients ■were observed carefully during each shock period and individual 
manifestations of the shock v'cre recorded on a chart previously described.' 
Dosage -was regulated so that the patient was in coma at the end of three hours 
and had one hour of this for each treatment after the first ten treatments, which 
were usually less prolonged. 

If the temperature drop during hypoglycemia is due to the size of the 
insulin dose, it may be that the compensatory rise depends on the adequacy 
of the autonomic centers to meet this strain. There is much to indicate that 
schizophrenic patients lack the ability to rc.spond with such homeostatic mcch- 
anisms.-'''”’ ® That hypoglycemia induces a compensatory sjunpathctic activity 

has been indicated by many authors.'' "• IVc might cx]icct, therefore, that the 
better patients would tend to be better able to combat the temperature drop; 
that as recovery took place the coma tcmpei'ature would be closer to the normal 
temperature and the temperature would lend to keep constant regardless of 
the size of insulin dosage. 

METHODS 

In these studies the insulin injections were given at 6 a.m. and the iiatients 
were given gluease at about 10 o’clock or later. The temperature was taken at 
10 o’clock before termination by means of glucose gavage. At this time most of 
the patients were in coma. Rectal temperatures were used throughout this 
study. 

The daily 10 a.m. shock temperature records of 36 patients ■>vho recovered 
after insulin shock -^vere studied. This group was considered “A” recoveries 
and will be referred to as group A throughout this .study. Twenty patients 
who failed to show any improvement and arc, therefore, designated as group D 
Avere likewise studied. 

The fii’st forty-five days Avere studied in each ca.se since many patients 
AA'cre not treated longer than this. The first statistical study consisted of ob- 
taining a mean of the 10 o’clock temperature, for all patients of each group, 
and for each day of the forty-five days. 

The range of daily moans for the coma temperatures of group A Avere from 
96.79 for the first day of treatment to 97.02 for the forty-fifth day of treatment. 
Although the means did not shoAV a steady course, there Avas a definite trend up- 
Avard. In the D group, although the mean for the first day Avas 97.04 and for 
the last day 96.7, the daily means fluctuated so unsteadily that there Avas no 
constant trend. 

When the temperatures Avere grouped for periods of one Aveek or five days, 
the same trend Avas noticed. The averages for group A for the first and ninth 
Aveete Avere 96.67 and 96.78, respectively. For the D group these means AA'ere 
96.53 and 96.54. It must be remembered tliat each of these means represents five 
days’ aA^erage for a large number of different patients. Although the trend 
upAA'ard in the A group may certainly be considered greater than that of the D 
group, there is statistically no reliable difference betAveen the tAA'o. 

A study of the units of insulin used for each treatment Avas then considered. 
Examining the amount of insulin used in tlie first dose (the shock dose), Ave 
find a mean of 104.03 for the A group, and a mean of 112.22 for the D group. 
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These differences are not reliable statisticall.v. The shock closes of the two 
groups are approximately the same. Obtaining the means for the insulin 
given to the A group for each of forty-five treatments, we found the mean to be 
104.03 on the first day of treatment and 76.1 on the forty-fifth day. In the D 
group these amounts were 112.22 to 83.33, respectively. There is a reliable 
difference between the do.sage used at the beginning and end of treatment in 
group A, the insulin used being greatly diminished. In the D group the dosages 
were also diminished, although the difference is not as constant for all members 
of the group. On the whole, moreover, we note that the total insulin used on the 
A group for each of the forty-five days of treatment is less than that used on 
the D group. 

Table I 


Daily Ac’erages of Ixsulix Do.se and Temperatures in Hypoglycemic Shock 


TIME OF TREATMENT 

temperature I 

INSULIN 

JIEAN 1 

SIGMA 1 

MEAN 1 

SIGMA 

Group A, S6 Patients 

1st day 

90.79 

0.98 

104.03 ■ 

44.5 

45tli day 

97.02 

1.17 

76.11 

42.9 

1st week 

96.07 

1.22 

110.7 

46.2 

9th week 

96.78 

1.33 

75.2 

41.7 

Group D, 20 Patients 

1st day 


jUBjllKQIIIIIIII 

112.22 

61.4 

45th day 



83.33 

54.8 

1st week 



118.T 

68.7 

9 th week 



8.3.1 

52.7 


It might appear that the rise in temperature observed in improved patients 
in the course of the treatment may be due to the greater decrease in the amounts 
of insulin used in this group during the treatments as compared to that of 
group D. In order to see whether this is true, partial correlations between 
day of treatment, insulin dosage, and coma temperature, were made. These 
correlations were found to be so low that it can be said that no correlation exists 
between insulin dose and temperature. 


Table H 

Partial Corp.elation.s Betmt:e.n Day, Amount or Insulin, and 10 O’clock 

Temperature 


Mean 

.Sigma 

Correlation 

between 


Group A, 1,364 Treatments 
(1) Day (2) 10 o'clock 

Temperature 

23.15 96.6 

12.48 1.27 

(1) and (2) = 0.13 ± 0.02 (2) and (3) = 0.02 + 0.02 


Mean 

Sigma 

Correlation 

between 


Group D, 796 Treatments 
(4) Day (5) 10 o'clock 

Temperature 

22,CT 96.46 

12.75 1.61 


(4) and (5) = 0.02 ± 0.02 (a) and (G) = 0.00 ± 0.02 


(3) Insulin 

77.3 

38.6 

(1) and (3) =-0.2T ± 0.02 


(6) Insulin 


94.7 

60.8 

(4) and (6) = 0.20 + 0.02 
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A study of the temperature and insulin dose, eonsidering all days for all 
patients of the A grouj) comjiared to those of the D group, reveals some striking 
findings. The temperatures of those in group A were higher than tho,se in 
group D. The reliability of this difi'erenee is 2.09, indicating a .significant differ- 
ence, which probably would be proved to be statistically reliable if more ca.ses 
were considered. Tlic amount of imsulin u.sed all forty-five days for patients of 
group A was less than that used in patients of group D, and this difference is 
statistically reliable. 

DISCU.SSIOX 

We noticed that patients who recovered from schizophrenia after undei’going 
insulin shock therapy (groui) A i)atients) required ]e.s.s insulin during the 
course of treatment. This may suggest that patients requiring lower do.ses to in- 
duce shock may liavc a better chance of recovering than tliose requiring larger 
doses. On the whole, moreover, the group A patients do not reach as low tem- 
perature levels as do the patients who do not improve. Of interest is the demon- 
stration in the.se studies that the group A patients show an increasing tempera- 
ture during the course of treatment, with a tendency to return during insulin 
coma to normal temperature levels. The po.ssibility suggests itself that this 
indicate.s an improvement in the homeostatic functions of thc.se patients. That 
such improvement occurs has been suggested b.v other authors as demonstrated 
by improved blood pressure and other signs of cardiac functions.- It would be 
interesting if the probability of a good remission could be predicted during treat- 
ment by upward rise in the coma temperature curve. At any rate, the findings 
presented here indicate tliat the determination of temperature during insulin 
shock may be of definite importance beyond mere interest, and that the supposi- 
tion that the temperature level obsci'ved during hypoglycemia is merely de- 
pendent on dosage of insulin is unfounded. 

SOTUfARY 

1. Statistical studies of rectal temperatures taken during insulin coma are 
reported. 

2. The range of daily means for 36 recovered j)aticnts showed a trend up- 
ward. Twenty unimproved patients showed no such rise. 

3. Initial insulin shock doses were the same in both groups. There Avas a 
definite decrease in the daily insulin dosage used in the course of treatment, 
this decrease, howeA'-er, being more constant in the A group. 

4. We note, moreover, that the total insulin vised on the A group is less 
than that used on the D group. 

5. The rise of temperature in the course of treatment in the A group is not 
due to the decrease in the insulin dosage. 

6. The temperature of the group A on the aa'IioIc Avas greater than that of 
the group D. 

7. The amount of insulin used for the group A patients for all the treat- 
ments Avas less than that used on the group D patients. 

AVe gratefully acknowledge the unfailing ■ .port of Ur. E. .-V. Baber, 

Superintendent of Longview State Hospital, and ■ Clinical Director, and his 

assistants, who conduct the Hypoglycemia Clinic ■ . ■ ■ ■ 
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SEROLOGIC DIAGNOSIS IN HISTOLOGICALLY 
PROVED CHRONIC SYPHILIS^ 


An Analysis of 424 Necropsies 


Osborne A. Brines, M.D., and Benjamin Juliab, M.D. 
Detroit, Mich. 


/^NB frequently finds contradictory figures given as to the percentage of posi- 
tive serologic teste in cases of various types of chronic syphilis. It was 
for this reason that it was decided to analyze the autopsy protocols of the Detroit 
Receiving Hospital for the period from January, 1928, to July, 1940, in order to 
determine the incidence of positive serologic reactions in the various forms of 
proved autopsy syphilis. 

The serologic teste performed were as foUow.s: previous to November, 
1933, Kolmer and Kahn tests; from November 1, 1933, to January 1, 1934, 
Kolmer, Kahn, and Kline tests; and from January 1, 1934, to July 1, 194o' 
the Kline test was used as an exclusion test, and Kahn tests were performed on 
those sera which gave positive Kline reactions. 

No attempt was made to determine the relative merit of the serologic tests 
employed. If any one test was positive, it was considered sufficient reLon for 
recording the serology as positive for syphilis. Results were reported as positive 
negative, or doubtful. ’ 


•Prom the Patholoeical Ijiboratorie!! of Receiving Hospital. Detroit. 
KoccWccl for publication. Au^jst 21, 1940. 
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In this study of autopsy protocols for the period mentioned, 05,') persons 
Avith microscopically proved syphilis were encountered. However, of this 
group, only 424 patients had an accompanying serologic report. The remainder 
died in the admitting room or on the wards .shortly after admission, and no 
opportunity was afforded of obtaining a specimen of blood. 


T.\ni,K I 

.Srr.oi.onio llEmr.T.s 



CASKS 

PE!’. CENT 

Positive 

.121 


Negative 

82 

la.a 

Doubtful 

21 

'j.n 

Tot.al 

421 

inn.n 


Table I shows the serologic findings in the 424 )mticnls included in the 
study. It is noted that 75.7 per cent of these gave jmsitivc serologic reports. 

In attempting to compare the figures obtained at the deceiving Hosiiital with 
those frequently quoted, one finds that very often there is no common ground 
upon which this comparison can lie made, itlost of tlie figures cited in the litera- 
ture are based upon studies of groups of living jiatients, whereas, the cases 
covered in this report were all proved by miciuscopic e.xamination of autop.sy 
material. Kolmcr^ contends that in SO to 100 per cent of chronic syphilis the 
serology is positive, and Stokes- states that he found 67 per cent of 252 pensons 
to have positive serologj-. However, these figures were not comjiiled from 
autopsied material. 

In this series it is seen that in 82 of 424 jicnsons tlie scrolog:^- negative; 
a further analysis of this group brought out tlie interesting fact that in 60 per 
cent of the 82 eases, only syphilitic aortitis Avas found at autopsy. Tin's leads to 
the question; Does the presence of a positiA-c serologic rejiction depend upon at 
least, a certain minimal iiu-olA-ement of the organs and structures, or do the ac- 
cepted pathologic criteria of Avhat constitutes syphilitic aortitis need revision? 
If the answer to the first part of the question is in the afiirmative, it Avould seem 
AA'hcn there is syphilitic iiiA-olvement of several organs the percentage of positive 
laboratory tests for syphUis .should be higher. Table II shows the results of 
such an analysis. 

Table II 


Relation Betaveex Extent or Ina’ola-ement anp Percentage op Positia'e Tests 



CASES 

PER CENT 

Only one organ inA-olvecl (usually syjjUiUtic aortitis); 



Positive 

20G 

71.0 

NegatiA-e 

6(5 

23.0 

Doubtful 

I!) 

6.0 

More tiian one organ involved: 



Positive 

115 

S6.0 

Negati\’e 

16 

12.4 

Doubtful 

o 

1.6 


It can be seen that the incidence of positiA^e tests in the group of patients 
with multiple involvement Avas 21 per cent higher than in those AA-ith a single 
organ involved, and that there AA-as 14 per cent more in the former gi-oup 
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BKINKS-.IULIAU : 


nlSTOLOGICAUA' PUOVl® CHUOKIC SVPHIMS 


Who gave a positive reaction than in the total group of 424 
finding is far from conclusive, hut, nevertheless, gives some basis foi the 
contention that positive serologic evidence of syphilis is somewhat dependent 
upon the extent of demonstrable pathologic involvement. 


GAUDIOVASCUL.AK SYPHILIS 


Cardiovascular syphilis formed a major portion of the material studied. Some 
evidence of cardiovascular involvement was found in a total of 335 patients, or 
79.0 per cent. This figure is about 33 per cent higher than that given by 
Sjunmers,^ who found evidence of va.scular sy.stem syphilis in only 56 per cent 
of the 314 cases he studied. In this scries syphilitic aortitis was the most com- 
mon lesion encountered, occurring in 303 patients, or 71.4 per cent of the total 
(424 patients) , a figure which is closely comparable to the one given b,y Cecil, 
who maintains that syphilitic aortitis is present in 70 per cent of persons with 


chronic syphilis. 

In analj'zing the serologic reports of the cardiovascular syphilis group, it 
was found that 71.6 per cent gave positive serology. This figure is considerably 
below the one given by White,= who states, that “the serum reaction for sjiihilis 
is generally positive, and strongly so in cardiovascular syphilis; sometimes in 
approximately 15 per cent of the cases it is negative.” Kolmer^ claims that in 
chronic cardiovascular syphilis 80 to 96 per cent of patients will give positive 
serology by his method. Moore® found 85 to 95 per cent of his clinical cases 
to be positive. Christian' found that about 80 per cent of patients with syphilitic 
disease of the aorta gave a positive Wassermann reaction. 


SYPHILIS OF ALBIENTARY TRACT 

Thirty-five patients ( 8.2 per cent) had a diagnosis of some form of sj^philitic 
involvement of the digestive tract. Table III shows the distribution of such 
lesions. 

Table III 

SymiLis OF Alimentary Tract (35 Cases) 



POSITIVE 

NEGATIVE 

DOUBTFUL 

Liver 

21 (80.7%) 

4 (15.3%) 

1 (4.0%) 

Pancreas 

7 (77.7%) 

2 (22.3%) 

0 

Esophagus 

1 

0 

0 

Midgut 

1 

0 

0 

Cecum 

1 

0 

0 


Syphilis of the liver constituted only 6.1 per cent of the 424 patients in this 
series. Sjanmers^ found the liver to be involved in 33 per cent of eases showing 
post-mortem evidence of syphilis. Brockbank® found the above to be true in 58 
per cent of his cases. Flexner® found 88 cases of hepatic syphilis in 5,089 
autopsies (1 per cent). McCrae’® demonstrated 46 cases in 3,300 autopsies (1.3 
per cent) . The reason for the marked disparity between the figures quoted and 
those obtained in this scries is not apparent. 

Since the number of cases of syphilitic involvement of tlie liver^® is compara- 
tively small, the percentage figures obtained are indicative rather than conclu- 
sive. A total of 80.7 per cent had positive serology. jileCrae and Caven” found 
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that 80.4 per cent of 41 persons with syphilis of the liver, which had been 
successfully diagnosed and treated, gjivc positive Wasserinann reactions orig- 
inally. O’Leary, Greene, and Kowntrcc’- found that 90 per cent of their 
liaticnts with hepatic syphilis had positive 'NYa.ssermann reactions. Their diag- 
noses were made for the most part on the basis of clinical impressions and the 
effect of therapeutic tests. 

CENTRAL NERVOUS SYSTE.U SYIMIILIS 

Numerically, the group with .syphilis of the central nervous .system was 
second only to that showing cardiovascular syjihilis. One hundred and thirty 
patients, or 30.6 per cent of the total, were found to liave some form of siTihilitic 
involvement of the central nervous system. No doubt this figure is much lower 
than the actual incidence of involvement of the central nervous system, since 
permission for examination of the cranial cavity of the patient was frequently 
not obtained. Of this number, S5.4 per cent had positive serology. Included 
in this group were 57 patients with general pai'csis, S7.7 per cent of whom had 
positive serologjL 

The figures given in the preceding jiaragraph differ from those given in 
reports by some well-known authors. Cecil'* states that it is unusual and rare for 
the serology to be negative in syphilis of the central nervous system. Grinker” 
found the blood Wassermann positive in 65 per cent of all patients with neuro- 
syphilis and that it may fall as low as 50 per cent in the latent phases of the 
disease. Kolmer’s' figures ranged between 70 per cent and 100 per cent in his 
groups of patients with syphilis of the central Jiervous system. In general 
paresis, Grinker states, the blood serologA’ is 100 per cent positive. Moore“ found 
it 90 to 95 per cent positive. These figures are definitely higher than those found 
in the group of cases covered in this analysis. 

.SL'JBIARY 

1. A total of 424 patients with microscopically proved syphilis encountered 
at autopsy were analyzed statistically. All of these had accompanying serologic 
examinations. 

2. Of the entire group 75.7 per cent had positive serology. 

3. The patients with multiple organs involved gave 21 per cent more positive 
reactions than those with only one organ involved. 

4. A total of 335 patients (79.0 per cent) showed some evidence of cardio- 
vascular involvement. Of these 71.6 per cent had positive serologj*. 

5. There were 26 eases of hepatic syphilis. This amounted to only 6.1 per 
cent of all the cases. In 80.7 per cent of these the serology was positive. 

6. One hundred thirty persons exhibited central nervous system involve- 
ment, and 85.4 per cent had positive serology. In 87.7 per cent of 57 persons 
with paresis the serology was positive. 

CONCLUSIONS 

1. The percentage of positive blood tests for syphilis for tlie entire group 
studied did not differ appreciably from that usually reported. 

2. The percentage of positive reactions in cardiovascular syphilis was 
about 10 per cent lower than the figures that are usuallj' given. 
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3. Demonstrable liepatie syphilis occniTcd 25 to 50 per cent less frequently 
than in many other series. 

4. The percentage of positive tests in hepatic .syphili.s coincided closely with 
the experience of othens. 

5. The percentage of positive test.s in general paresis was definitely below 
that found hr other series. 
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THE DIAGNOSIS OF PERIPHERAL ARTERIAL OBSTRUCTION*" 


Saul S. Samuels, M.D., New York, N. Y. 


T raditional methods of examination for the diagnosis of peripheral 
arterial obstruction are becoming inadequate and uncertain because of the 
demand for more reliable and accurate information in this field of medicine. 
Sole reliance upon palpation of the dorsalis pedis pulse as the standard procedure 
in the diagnosis of circulatory disturbances in the lower extremities is rapidly 
losing its former worth. 

Manual palpation of peripheral pulses may be misleading because of the 
following variable factors involved: (1) The skill and experience of the 
examiner. (2) Anatomical deviation in position of the peripheral arteries. (3) 
Edema or exeessive adiposity of the exti’emities. 

These objections apply not only to tlie dorsalis pedis pulse but also to the 
po-sterior tibial and popliteal as well. The familiar sight of a group of physicians 
in a vascular clinic disputing the presence or absence of a dorsalis pedis pulse 
is sufficient argument for the claim that individual skill and experience play a 
consideraifie part in this diagnostic procedure. 


•Prom the Clinic for Peripheral Arterial Diseases, fth Division Uplleviio xt 

iork, and the Department of Arterial Diseases. Stuyvesant Pol>-clin°c Hospital 

Received for publication. August 22. 1940 ' lorK. 
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TIIE .TOURXAE OF LAnORATORY AXD CUXICAL JIKDICIXK 


Occasional inslance.s ol‘ congenilal absence of llie dorsalis pedis artery have 
been observed. In tbe.se cases tiierc is usually coniperi-satory enlargement of a 
brancli of the peroneal artery which produces ]nilsation in the lateral portion of 
the foot. 

In the presence of edema of the feet either fi’om cardiorenal or from in- 
fectious cause, the donsalis pedis and posterior tibial pulsas may be completely 
impalpable, although the arteries are patent. Iji obc.se patients similar ditliculties 
may be e.xperienced, not only with the arteries of the feet but with the popliteal 
as well. 

Palpation of the popliteal artery is attended Avith considerable ditliculty, 
and often requires various acrobatic manipulations in order to feel pulsation 
of the vessel adequately. The status of the digital and plantar circulation of the 
lower extremities is not accurately revealed by })alpation of the dorsalis pedis 
or posterior tibial arteries alone. If both of these ve.sscls are fell in an ex- 
tremity there is no assurance that the arterial tree dislally is also patent. To 
ascertain this fact other tests must be utilized. 

The importance of the detection of peripheral arteia'al disease in its early 
stages is obvious. Any metliod of e.xaminalion which will reveal the pr&sence 
of organic changes in the most di.slal parts of the extremity should be utilized 
more frequently than has heretofore been the rule. At the .same time the physi- 
cian Avho has relied traditionally solely upon palpation of the dorsalis pedis 
artery should realize the limitations of this method. 

It is Avell to re-emphasize the fact that an important diagnostic point in the 
organic peripheral arterial di.soasc.s is the ability to detect the organic changes. 
The presence or absence of superimposed vasomotor disturbances, particularly 
vasospasm, is of secondary importance in diagnosis, the primary consideration 
being the detection of structural arterial disease. Tlie tragedy of delayed 
diagnosis Avas recently illustrated in a case of thromboangiitis obliterans in a 
physician. About eight years ago he e.xperienced symptoms in his legs Avhich 
suggested to him the possibility of thromboangiitis obliterans. A physician Avas 
consulted A\dio, after feeling both dorsalis pedis pulses and using no other 
diagnostic procedure, concluded that there AA'as no evidence of arterial disease 
and that smoking might be resumed. A fcAv years later the ])hysician submitted 
himself for a blood count, for the determination of Avhich it Avas necessary to 
puncture the tip of the right index finger. The trauma thus induced resulted 
in a gangrenous ulcer AA'hich did not lieal until a year and a half later. At the 
first sign of gangrene the patient presented himself for an opinion. The loAver 
extremities Avere examined and rcA-ealed definite right plantar ischemia in addi- 
tion to poor dorsalis pedis pulses and excellent posterior tibial pulses. Oscillo- 
metric readings AA^ere 3.0 at the left ankle and 2.0 at tiie right ankle. Although 
both radial and ulnar pulsations could be felt, there Avas moderate ischemia of 
the fingers of both hands on elcA-ation and exercise. There Avas a gangrenous 
ulcer at the tip of the right middle finger about 1 cm. in diameter. The patient 
refused to stop smoking, and about a year later no pulses could be felt in either 
foot and the oscillometrie reading at the left ankle had decreased to zero. Ex- 
tensive gangrene of the right index finger soon dcA’cloped as Avell as gangrenous 
lesions of the left big toe and heel. 
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It is clear that had the diagnosis been made at the first examination, and had 
the patient been sufficiently impressed with the importance of complete cessation 
of smoking, the present situation could have been avoided. The assurance of the 
original examiner was so great that there was no arterial disease because of 
the bounding dorsalis pedis pulses that the patient was offered a package of 
cigarettes and told to smoke as much as he pleased. 

In 1929 I' proposed a new test for the determination of arterial occlusion 
in the distal vessels of the extremities. This procedure, based on earlier observa- 
tions of Oehler and Parkes-Weber, has proved so reliable over a period of fifteen 
years that it must be considered of diagnostic importance and as an obligator}^ 
part of the examination before the diagnosis of arterial disease is ruled out. 
Kramer,^ from his large experience at the Philadelphia General Hospital, says 
“a positive plantar ischemia is significant. Our experience with this simple 
procedure has been that when positive findings are obtained, the other function 
tests will usuallj’^ indicate evidence of an impaired peripheral circulation.” 
Again, “we have found that a positive plantar ischemia has nearly always been 
associated with occlusive vascular disease.” Lewin^ also considers the test an 
important part of the routine examination for determining the circulatory 
efficiency of the lower extremities. 

In carrying out the test the patient lies recumbent on the examining table, 
and the legs are elevated to an angle of about 60 degrees, supported on a stool or 
some other arrangement. "While in this position the ankles are flexed and ex- 
tended repeatedly for about a minute. During and immediately after the 
maneuver the soles of the feet are carefully examined in a good even light. In 
every instance of organic arterial disease, whether due to thromboangiitis 
obliterans, or arteriosclerosis obliterans, a characteristic pallor of the sole of the 
affected extremity null become apparent either during the motion of the feet or 
immediately afterwards. The pallor, or plantar ischemia, is usually in direct 
proportion to the degree of obstruction present. In incipient cases, particularly 
those with patent dorsalis pedis and posterior tibial arteries, the ischemia may 
be difficult to detect by the novice, but experience ■will soon help in judging 
relative differences in color. 

In the more advanced cases no difficulty should be experienced in detecting 
plantar ischemia. A cadaverous pallor, which may involve the entire foot 
as high as the ankle or farther, becomes apparent almost immediately. 

The same principle of inducing ischemia as a diagnostic method may be 
applied to the upper extremities. Elevation of the hand above the head with 
alternate opening and closing of the fingers will produce, after a few moments 
of this motion, a transient ischemia of the digits or hand deficient in blood 
supply. This test may be positive in incipient cases of organic arterial disease 
in whicli the radial and ulnar pulses can be felt. It is of more practical value 
than the modification proposed by Allen^ which merely serves to distinguish be- 
tween closure of the radial or ulnar artery. The test here described'" is more 
suitable for detecting early involvement of the digital arteries of the upper 
extremities. ^ 

Temperature changes are usually very pronounced in organic arterial dis 
ease even in the earliest stages. As a rule, the ischemic extremity is cor- 
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responding!}' colder than the iininvolved limb. Wliere tlic condition is bilateral 
both Avill be colder than u-sual, with proportionate differences in coldne.ss de- 
pendent upon the degree of occlusion present. For ordinary clinical diagnosis 
instrumental measurements are not necessary for temperature determination, 
the palm or back of the hand being sufficiently sensitive. For precise measure- 
ments of the skin temperature, the Dermalor'’ is preferred. 



Fiff. 1. — Holllec-Sanuicis pnlslmctcr. 

OSCILLOMETRY 

The obsei’vation of Cawadias in 1912 that tlie Paclion oscillometer was 
admirably suited to the study of arterial iiatency in tlie e.xtremities opened up a 
new and interesting field. Visual observation of arterial pulsation was made 
available so that quantitative measurement of the pulse amplitude in the ex- 
tremity could be easily determined. Furthermore, pulsation could be detected 
at points where by manual palpation the arteries wei-e not accessible. Tlie 
examining cuff could be placed at any point on the limb, and oscillations Avere 
recorded at that particular IcA-el, Avhereas by the manual method one is limited 
to only a feiv areas. 

VHiile the clinical diagnosis of arterial obstruction can be made Avithout 
instruments, it is also true that a more accurate picture is conveyed b}' oseil- 
lometric determinations than b}' purely clinical methods alone. Other A'aluable 
infoimation can also be obtained from the oscillometer. If one remembere that 
the pulsation obtained Avith the instrument represents the expansion of the 
main vessels only, deductions can be made therefrom concerning the state of the 
collateral circulation in the extremities in an indirect AA'ay. For instance, a nega- 
tive reading at the ankle level indicates complete obstruction of the main arterial 
channel. This being the case, it folloAA's, therefore, that the collateral eirculation 
in the extremity miAst be very small. On the other hand, a positive reading at 
the same level indicates only partial occlusion of the main vessels and a cor- 
respondingly better collateral circulation. For prognostic study such obserA'a- 
tions are extremely important because a zero reading at the ankle IcA'el in a case 
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of arterial disease would naturally convey the impression that the ultimate 
reeoverj' of gangrene, for instance, would he doubtful because of the poor 
collateral circulation. On the other hand, a positive reading gives more en- 
couragement to conservative therapy with better chances for eventual hea mg. 



Fig. 2. — Schematic drawing: to show construction of pulsimeter. D, aneroid diaphra&m ; 
M, mechanism for transmitting pulsation to indicating hand SH ; S, set screw for adjusting in- 
dicating hand to zero ; I, JI, air chambers separated by diaphragm D, 


Likewise, in cases without ulceration and gangrene zero readings mean more 
difficulty in conser\'ative treatment, a longer period of therapy to attain 
sjTnptomatic relief, and a doubtful outcome as far as ultimate development of 
gangrene is concerned. Positive readings in these cases mean better therapeutic 
results and less chance for the development of gangrene. 

The oscillometer has thus extended the possibilities in the field of peripheral 
vascular diseases and .should be made more available so that more accurate 
studies can be made and more practical information can be obtained. One of the 
great hindrances to the more universal use of the instrument has been its com- 
paratively high cost. To overcome this objection a simplified apparatus has 
been devised which does not entail a large financial investment. This apparatus 
1)ecause of its primary purpose of measuring pulsation, is redesignated “pul- 
simeter.” 

By means of a short piece of rubber pressure tubing, either an aneroid or a 
mercury spliygmomanomcter is attached to the upper nipple of the pulsimeter. 
One outlet of the arm band of the blood pre.ssure apparatas is connected to the 
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rear nipple of the pulsinieter. It is essential that all connections lie absolutely 
tight, so that there will he no leakage of air. If the inflating bulb of the blood 
pressure apparatus or the rubber arm band or any parts of the connecting 
tubes are defective, or allow even the slightest loss of air pressure, the pulsimctcr 
will not operate properly. 



Fie. 3 — MetliocI of npplylnc pulsimctcr for ankle reaillnK.'!. 

In cariwing out an examination, it is essential that the patient lie flat, com- 
pletely relaxed, with the head back and arms at the side. If the patient is not 
completely relaxed, the slightest muscular movement, such as lifting a hand, trill 
cause deflections of the pulsimctcr needle, interfering with the proper operation 
of the apparatus. The arm band of the sphygmomanometer is carefully applied, 
as in taking blood pressure, to the part under examination. As a rule, the region 
just above the ankle gives the most information if the lower extremities are being 
studied. It is essential that the cuff be applied snugly, not too lightly and not 
too loosely. Caution must be taken that there are no kinlis in the tubing after the 
cutf is applied. 

After all connections are tight and the cuff is properly applied, the escape 
valve on the inflating bidb of the blood pressure apparatus is closed tightly 
and the entire system is inflated. By watching the sphygmomanometer, the 
pressure being applied can be measui’ed. During inflation, the indicating hand 
of the pulsimeter will rotate a few times. This does not interfere with the 
operation of the apparatus and should be disregarded until the final inflating 
point is reached. The pressure in the cuff is increased until it is reasonably 
sure that the patient’s systolic pressure has been exceeded. For routine exam- 
inations, it is sufficient to inflate the cuff to about 200 mm. of mercury, as in- 
dicated on the sphygmomanometer dial. When this point is reached, tlie in- 
dicating hand of the pulsimeter revolves slowly until the entire system becomes 
stabilized. It is necessary to wait a few moments for this to happen before 
readings are taken. 

As a rule, a pressure of 200 mm. of mercury will completely obliterate all 
pulsations; therefore, the indicating hand will not oscillate. In order to estimate 
the maximum oscillation of the indicating hand, it is necessary to decrease the 
pressure in the whole system by about 10 mm. at a time. This is done by 
partially releasing the air escape Amlve on the inflating bulb. With each de- 
flation, the indicating hand may again revolve once or twice. It is important 
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to allow the hand to stabilize after each reduction in pressure in order to obtain 
a reading. As the pressure in the apparatus is decreased in stages of 10 nun. 
of mercury, the oscillations of the indicating hand increase in amplitude, until 
a point is reached corresponding to the patient’s systolic pressure. When this 
level is obtained, the maximum oscillation laiowm as the oscillometric index 
can be read. 

It is not necessary that the indicating hand remain at the zero point either 
before, during, or after an examination. If all oscillations are either to the right 
or to the left of the zero point, direct readings can be obtained. If the hand 
swings to both sides of the zero point, it is necessary to add the readings thus 
obtained to determine the oscillometric index. In other words, if the hand swings 
from 2 on the left side to 3 on the right, the oscillometric index is 5. Likewise, 
if the indicating needle swings from 2 on the left side to 7 on the right side, 
by subtraction an index of 5 is obtained. Similarly, if the needle swings from 
2 on the left side to 7 on the left side, the oscillometric index is 5. An irregular 
pulsation will, of course, give irregular readings. In such a ease, the maximum 
oscillation is recorded. 

Interpretation of Oscillometric Readings . — It must be understood that the 
significance of oscillometric readings for diagnostic purposes lies not so much in 
the individual values obtained as in the comparison of readings between opposite 
extremities at the same level. In other words, if the oscillometric index at one 
ankle is 5 and at the other, at the same level, it is 2, this is evidence of abnormal 
arterial circulation in the extremity with the lesser reading. On the other hand, 
readings of 2 in each extremity at the same level may be normal for that par- 
ticular individual. The normal range of readings in the extremities is as follows : 
just above the ankle, 1 to 10 ; calf, 3 to 10 ; popliteal region, 3 to 10 ,- thigh, 4 to 
20. In the upper extremities, at the wrist, 1 to 10; brachial region, 2 to 10; 
axiUary region, 4 to 10. Again, it must be emphasized that this range is very 
ivide and varies considerably with different individuals. It is only by comparing 
corresponding levels of the extremities that conclusions can be draivn concerning 
the patency of the arteries. 

SUMMARY 

Palpation of the dorsalis pedis pulse alone is an inadequate method of 
diagnosing organic arterial obstruction in the extremities. The test for plantar 
ischemia should be an essential part of every physical examination. A new 
simplified inexpensive oscillometer is described. 
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SENSITIZATION INDUCED BY TETANUS TOXOID, 
ALUJI PRECIPITATED 


IlERJtAX Gold, M.D., Chester, Pa. 


T he recent publication of Cooke and liis associates' lias served to center atten- 
tion on the problem of sensitization induced by immunization ivitli tetanus 
toxoid. In their very interesting study, Cooke and co-workers found that allergic 
reactions occur particularly after the second injection of alum-precipitated toxoid 
due to sensitization induced mainly by the peptones of the Berna or Witte tjTie 
present in the toxoid. They also showed that sensitization to the bacterial 
products of CL tciani maj* take place. 

Because of the importance of Cooke’s observations we deemed it advisable to 
investigate this problem to detennine (1) the frequency of sensitization as 
proved by skin tests; (2) the incidence of clinical evidence of sensitization; and 
(3) the possible existence of any correlation between (1) and (2). 

Sixty-six patients that had been, or were undergoing, active immunization 
against tetanus were subjected to skin tests with two lots of materials. Lot A 
was prepared by a commercial biological house that employs Berna peptone 
in the manufacture of its tetanus toxoid, and lot B was supplied by a house 
that uses Difeo proteose in its toxoid. All dilutions of lot A materials were 
made with Glenney’s buffered salt solution. Lot B materials were diluted with 
sterile physiologic saline solution. 

The following testing solutions were used: (1) tetanus toxoid A diluted 
1:100 and 1:10; (2) Berna peptone A diluted to contain 0.01 and 0.10 mg. of 
nitrogen per cubic centimeter; (3) veal broth A diluted 1:10; (4) finished 
tetanus bouillon A diluted 1:100 and 1:10 (tins preparation was a veal Berna 
peptone broth that had been subjected to all the manufacturing steps employed 
in the production of tetanus toxoid A, except that it had not been inoeidated with 
tetanus bacilli); (5) tetanus toxoid B diluted 1:100 and 1:10; (6) Difeo 
proteose B diluted to contain 0.01 mg. of nitrogen per cubic centimeter; and 
(7) tetanus media B diluted 1 :100 and 1 :10. 

All persons included in this study had been treated with tetanus toxoid 
alum-precipitated A. A few also received intranasal instillations of tetanus 
toxoid topagen A. They may be classified in eight groups according to their 
immunization history. 

Group 1 consisted of 7 patients on whom skin tests were performed two 
days before and thirty-two days after they had received the first injection of 
1.0 c.c. of tetanus toxoid, alum precipitated. 

Group 2 consisted of 29 persons on whom slrin tests -were done seventy-eight 
days after they had received the fii-st 1.0 c.c. injection of alum toxoid. 

Received for publication, August 23, 1940. 
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Group 3 consisted of 4 persons on whom skin tests were done 207 days after 
they had received the first injection of 1.0 c.c. of alum toxoid. Thirty-two days 
later they were injected with a second dose of alum toxoid. Rechcck skin tests 
Avere done thirty-two days after the latter was given. 

Group 4 consisted of 3 patients (Nos. 19, 20, and 36) on ivhom skin tests 
were done 1,045, 1,544, and 1,479 days, respectively (about three to four and 
one-half years), after they had each received two doses of alum-precipitated 
toxoid. A third dose of 1.0 c.c. of alum toxoid ivas administered to tivo of them 
(Nos. 20, 36) fourteen daj's and one daj’’, respectively, after the first skin tests 
were done. Skin retests ivere performed thirty-five and twenty-five days, respec- 
tively, after the third injection. 

Group 5 consisted of 6 persons. Four of them, patients 17, 18, 30, and 35, 
had received three injections of alum toxoid (0.5 c.c., 0.5 c.c. and 1.0 c.c.) 
before the first skin tests were performed. These tests ivere made 766 to 809 
days (about twenty-six months) after the third dose of toxoid ivas given. A 
fourth injection of 1.0 c.c. of alum toxoid was administered to the 4 patients 
fourteen, ten, tivo, and one day, respectivety, after the first skin tests ivere per- 
formed. The skin tests ivere repeated twenty-eight, thirty-two, thirty-two, and 
twenty-five days, respectively, after the fourth injection of toxoid. The fifth 
member of group 5, patient 22, was tested 792 days (about two years) after he 
had received three 1.0 c.c. injections of alum toxoid. Twelve days later he was 
given a fourth injection of 1.0 c.c. of toxoid. Skin retests were done thirty-five 
days later. The last member of the group, patient 21, had received four in- 
jections of alum toxoid (0.5 c.c. each) prior to skin testing. Thirty-seven months 
had elapsed between the last dose of toxoid and the first skin tests. Fourteen 
days after the tests were performed, this person received a fifth injection of 1.0 
c.c. of toxoid. The skin tests were repeated thirty-fiim days later. 

Group 6 consisted of 5 patients that had been immunized by the combined 
subcutaneous and intranasal routes.^ Prior to the two daily intranasal instilla- 
tions of tetanus toxoid topagen, patient 31 had received two injections (1.0 c.c. 
each) ; patient 34, 3 injections (0.5 c.c. each) ; patient 37, 5 injections (1.0 c.c., 
0.5 C.C., 0.5 c.c., 1.0 C.C., 1.0 c.c.) ; patient 38, 3 injections (1.0 c.c. each) ; and 
patient 39, 3 injections (0.5 c.c., 0.5 c.c., 1.0 c.c.) of alum-precipitated toxoid. 
Skin tests Avere performed on the entire group 210 to 263 days after the last 
toxoid topagen instillation in the nose. One to four days later they all received 
an additional injection of 1.0 c.c. of alum toxoid. Skin retests Avere done thirty 
to forty-tAVO days after this final injection. 

Group 7 included 9 patients, 4 of AA-hom had received tAvo courses of three 
daily intranasal instillations of tetanus toxoid topagen. Four others obtained the 
same treatment, except that the second course consisted of only tAvo daily in- 
stillations. The ninth person receiAmd tAA'o courses of tAAm daily intranasal 
topagen instillations. The entire group Avas skin tested eighty-four days after 
the last nasal treatment. Thirty-tAvo days later they AA’ere all injected subcu- 
taneously with 1.0 c.c. of alum toxoid. Skin retests Avere done thirtA^-tAvo dnvs 
after this injection. ‘ ^ 

Group S consisted of 3 persons, 2 of Avhom received a single course of three 
daily topagen instillations in the nose prior to skin testing, Avhile the third 
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patient got an injection of 1.0 e.c. of alum toxoid previous to the coui'se of nasal 
treatment. Thirty-two days after the fii-st skin tests were done, all 3 received an 
injection of 1.0 e.c. of alum toxoid. Actually 240 and 146 day.s, respectively, 
had elapsed between the last inlrana.sal instillation and tlie final injection of 
toxoid. The sldn test.s were rechecked thirty-two day.s after the last injection. 

SKIN TF,STS 

About 0.02 c.c. of each tasting solution was injected intracutaneously, and 
the reactions were read at tlie end of fifteen minutes and twenty-four liours. The 
immediate reactions (fifteen minutes) were described as negative, doubtful, 
slight, moderate, and marked in accordance with the usual allergic practice.® 
In the instances where lialf-hour readings were made, the reactions did not 
materially differ from those recorded at the end of fifteen minutes. Tlie delayed 
reactions consisted of local induration with papule formation, erythema of vai’y- 
ing degrees and swelling. In many cases these reactions did not subside until 
forty-eight to seventy-two hours had elapsed. 

The 7 persons tested before immunization sliowed negative reactions. Of 40 
patients tested one to six and one-half months (largest number done at two and 
one-half months) after the first injection of 1.0 c.c. of tetanus toxoid-alum 
precipitated (groups 1, 2, and 3), 20 gave positive reactions of the immediate 
or delayed type to one or more of the testing solution.s, while 20 were negative. 
The reactions varied in intensity from slight {+) to marked (+-f -!•+). Two 
persons gave slight immediate reactions to veal broth A 1 :10. One person gave 
a slight immediate reaction to tetanus media B 1:100, while 2 otliers gave a 
similar reaction to the 1:10 dilution of this material. None of these patients 
showed delayed reactions to either the veal broth A or the tetanus media B. 
Two gave slight immediate reactions to Berna peptone A, 0.01 mg. of nitrogen 
per cubic centimeter. One of them also showed a positive delayed response. 
One showed a moderate immediate as well as a delayed reaction to this peptone. 
Three persons gave positive delayed reactions tliough their immediate response 
was negative. Fifteen gave positive immediate reactions to Berna peptone A, 
0.1 mg. of nitrogen per cubic centimeter. They were recorded as one questionable 
slight ( ?), 13 slight, and one marked. Six of these patients also gave positive de- 
lajmd reactions. One gave a positive delayed reaction to this peptone, although his 
immediate reaction was negative. Only 2 gave sbght inunediate reactions to the 
Difeo proteose B, 0.01 mg. of nitrogen per cubic centimeter. Nine persons gave 
positive immediate reactions to tetanus toxoid A, 1 :10 ; in 3 they were read as 
questionable slight ( ?), in 5 they Avere slight, and in one the reaction was marked. 
Six of these also gave positive delayed reactions. Three with a doubtful (±) im- 
mediate reaction gave a positive delayed response. Six gave a positive immediate 
reaction to tetanus toxoid B, 1 ;10. In three the reaction was slight, in 2 it was 
moderate, and in one it was marked. Three of these also gave positive delaj’ed 
reactions. One gave a definite delayed reaction though his immediate response 
to the toxoid B was doubtful (±). The reactions to the finished tetanus bouillon 
A were in agreement ivith those obtained with the A'eal broth A and Berna 
peptone A. 
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Three subjects of group 3 were skin-tested thirty-two days after the injection 
of the second dose of toxoid. In 2 tliere were no eiudences of skin sensitivity. 
In the third patient only slight positive reactions occurred at the sites of the 
tetanus toxoid A and B, 1 :10, although before the injection of the second dose 
this person had shown positive reactions to veal broth, Difco proteose, and Berna 
peptone as well. AVe cannot account for this discrepancy. In three members 
of group 4 the skin tests were performed about three to four years after the 
second dose of toxoid was injected. Patient 19 gave a slight reaction to toxoid 
B. Patient No. 20 showed slight immediate as well as delayed reactions to tetanus 
toxoids A and B. Patient 36 gave slight immediate reactions to toxoids A and 
B and Berna peptone A, 0.1 mg. of nitrogen per cubic centimeter. The last two 
patients were retested thirty-five and tw'enty-five days, respectively, after a third 
injection of 1.0 c.c. of alum toxoid was given. Patient 20 then showed slight 
immediate reactions to toxoids A and B, and a marked reaction to Berna 
peptone A, 0.1 mg. of nitrogen per cubic centimeter. Delayed reactions were 
also present. On the other hand, patient 36 showed immediate marked reactions 
to both toxoids A and B, and a slight + reaction to the Berna peptone but no 
delayed reactions. 

■When skin tests were done two to three years after three to four injections 
of alum toxoid (varjnng doses) had been given to the 6 members of group 5, 
we found that patient 18 showed slight reactions to tetanus toxoids A and B, 
and that patient 35 showed a slight reaction to toxoid B. The rest of the tests 
were negative. AVhen retested about one month after the injection of an addi- 
tional dose of alum toxoid, 3 members of this group, patients 18, 35, and 22, 
showed slight immediate reactions to tetanus toxoids A and B. Patient 18 also 
gave a questionable slight reaction to Berna peptone A, 0.1 mg. of nitrogen per 
cubic centimeter and tetanus media B, 1:10. Also patient 30 showed a slight 
reaction to tetanus toxoid A, w'hile patient 17 gave a similar response to tetanus 
toxoid B. The most interesting reactions -were shovm by patient 21. A marked 
immediate reaction was elicited by tetanus toxoid A and Berna peptone A, 0.1 
mg. of nitrogen per cubic centimeter, while a questionable slight response was 
brought forth by tetanus toxoid B. A^'eal broth A and Difco proteose B were 
negative, and tetanus media B gave a slight reaction. Intense delayed reactions 
occurred at the sites of toxoid A and finished tetanus bouillon A. Similarly, 
patients 31 and 37 (group 6) showed slight reactions to toxoids A and B. 
Patient 37 also gave slight reactions to Berna peptone A and veal broth A. 
After the injection of an additional dose of alum toxoid, patient 31 also showed 
a slight reaction to Berna peptone A, 0.1 mg. of nitrogen per cubic centimeter. 
Also patients 34 and 38 (group 6) who before the final injection of toxoid had 
shown negative skin reactions, now gave positive reactions to toxoids A and B. 
Actually patient 38 showed a moderate reaction to toxoid B. Both of these 
patients showed delayed reactions. Patient 39 (group 6) remained negative 
notwithstanding the four injections of alum toxoid and the three intranasal in- 
stillations of toxoid topagen that she had received. Skin tests performed on 
patients of groups 7 and 8 that received intranasal instillations of toxoid topa'^en 
were completely negative except in one. Retests done after the injection of 'l 0 
c.c. of alum toxoid were also negative. The exception, patient 6, who showed 
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slight reactions to toxoids A and B, had received an injection of alum toxoid 
prior to the topagen instillations. The absence of skin reactions in these two 
groups may be purely accidental, since none of the patients showed any evidence 
of sensitization even after the injection of 1.0 c.c. of alum toxoid.* 


DISCUSSIOX 


Ample evidence is provided by this study in support of the belief that 
sensitization is an extremely individualized process. Tims, wliile patient 65 
(group 2) gave marked reactions after one single dasc of alum toxoid, patient 
39 (group 6) showed negative sldn reactions after he had received four injec- 
tions of toxoid and two daily inlrana.sal instillations of toxoid tojiagcn. It is 
also apparent that sensitization as demonstrated by skin tests occurs rather 
frequently following the injection of tetanus toxoid alum precipitated. 

Particularly worthy of note are the reactions obtaijicd in several patients. 
Thus patient 25 (group I) showed a slight reaction to tetanus toxoid A, 1:10, 
and a marked reaction to tetanus toxoid B, 1:10, but was negative to the rest 
of the test solutions. Positive delayed reactions were produced by both to.xoids 
as well as Berna peptone A, 0.1 mg. of nitrogen per cubic centimeter. Thase 
results were confirmed on two subsequent retc.sts. Patient 58 (group 2) showed 
a slight reaction to Berna peptone A and a moderate reaction to to.xoid B, 1:10. 
The latter also gave a pronounced delayed reaction. Tlie rest of the tests were 
negative. The same type of reaction to tetanus toxoid B was found in patient 36 
(group 4) and in patient 38 (group 6). 

These findings would indicate that sensitization to the toxoid protein or to 
bacterial proteins of Cl. tetaui has occurred in these patients as a re.sult. of the 
injection of 1.0 c.c. of alum toxoid A. The difTcrcnce in the .skin reaction to 
to.xoids A and B is probably due to differences in concentration of these proteins 
as found in the two toxoid preparations. 

Patient 65 (group 2) gave a marked reaction to toxoid A, 1:10, and Berna 
peptone A, and a slight reaction to veal broth A and tetanus media B. He was 
negative to Difeo protease B. Also patient 21 (group 5) showed marked re- 
actions to toxoid A and Berna peptone A, and slight reactions to toxoid B and 
tetanus media B. These findings would indicate the existence of sensitization 
to Berna peptone. Confirmatory proof is to be found in the large group of 
patients that gave slight positive reactions to this protein. It would appear 
that Berna peptone when present in the alum toxoid used for immunization 
sensitizes patients more readily than the Difeo proteose. This is in agreement 
with Cooke’s observation. 


Belayed Peaeffoas.— Patient 29 (group I) is of interest because she gave 
prominent delayed reactions to toxoids A and B and to Berna peptone A 
though the immediate reactions to these products w'ere questionable slight posi- 
tive. The peptone reaction "was asj)ecially inten.se. These finding.s wei'e con- 
firmed on two subsequent recheelvs. The mechanism of these delayed reactions 
is not clear. As expected this patient gave a negative passive transfer test. 


... be remembered that these patients did not develop anv demonstrable antitoxin 

titer roUo^inf the Intranasal instillation of topagen. The latter is of value onlv asT rSeat 
stimulus after a basic immunity has been established tlirougli the subcutaneous injection of 
one or preferably two doses of alum-precipitated toxoid.^ ^uu'.uuuieous injccuon oi 
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Similar delayed reactions occurred in a number of our patients. They consisted 
of either erythema of varying size and intensity or a bright red area of raised 
induration vith a centrally placed papule. Localized swelling of the soft tissues 
around the site of injection was usually present. Occasionally there was some 
itching. These delayed reactions began to fade after twenty-four hours and 
disappeared completely at the end of forty-eight to seventy-two hours. Parish 
and Oakley" also noted "late” reactions "like those occurring after staphylo- 
coccus toxoid,” but they were at their maximum about two hours after the 
injection of the testing products and faded completely during the next three 
hours. Cowles" also noted in one immunized person a curious delayed reaetion 
that came on in twenty-four hours. 

At present we are unable to evaluate the significance of these delayed re- 
actions. In many cases, an immediate response to the testing solutions occurred 
as well. The immediate type of reaction was proved by Cooke and associates 
to be mediated through sensitizing antibodies that circulate freely in the blood 
and which can be passively transferred to the normal skin (Prausnitz-Kiistner 
phenomenon). We performed passive transfer tests with the serum of patients 
21 (group 5), 25, and 29 (group 1) in accordance with the usual technique." 
Each serum was injected into the skin of three normal nonimmunized persons 
(0.1 c.c. in each site) . Two of the three recipients gave positive reactions at the 
sites sensitized with the serum of patient 21 when tested with tetanus toxoid 
B, 1:100, Berna peptone A, 0.10 mg. of nitrogen per cubic centimeter, and 
tetanus toxoid A, 1:100. All three recipients gave negative reactions at the 
sites sensitized with the sera of patients 25 and 29. 

Duration of Skin Sensitivity . — ^In the presence of positive skin tests the 
question arises as to their duration. Cooke reported that one person lost his 
marked sensitivity within six months. However, another person showed a 
marked urticarial wheal when retested Avith tetanus toxoid 1:10 eight months 
after the second dose had been injected. Passive transfer test Avith the serum 
then obtained was Aveakly positive. We retested patients 21 (group 5), 25, 29 
(group 1), 58, and 65 (group 2) six months after the last tests described in the 
text Avere performed. At this time patient 21 shoAved no change in the immediate 
reactions, but there AAmre no delayed reactions. Patient 25 showed negative 
immediate reactions to toxoid A and to Berna peptone, 0.10 mg. of nitrogen per 
cubic centimeter and a moderate reaction to toxoid B, 1 :10. Similarly, there was 
a definite decrease in the size of the delayed responses Avhich occurred at the 
sites of toxoid A and B and Berna peptone A. Patient 29 shoAved no change in 
the reaction to toxoid A, but there was a definite increase in the response to 
Berna peptone A and to toxoid B. The latter gave a marked reaetion. Again 
the delayed reactions in this patient were very prominent, especially to the 
Berna peptone. Patients 58 and 65 showed no change in their reactions. On 
the other hand, the results obtained in the comparatiA-e skin tests of several 
patients suggest that skin sensitization may disappear Avith time. Thus 
the absence of positive skin reactions in patient 21 (group 5), Avhen he Avas 
tested three years after he had reeeiA'ed four injections of alum’ toxoid as con- 
trasted to the marked reactions obtained one month after the fifth injection of 
toxoid, can be best explained on the basis that we are dealing here witli reactiva 
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tion of a sensitivity tliat liad decreased willi time. This explanation is more 
likely to be trvic than the alternate assumption that the first four injections of 
toxoid did not sensitize this iierson while the fifth one did. 

Significance of Positive Shin Tests . — It is evident from our .stndie.s that a 
high percentage of persons immunized with tetanus toxoid alum pi-ecipitated 
that contains Berna peptone develop positive skin tests to the toxoid and its 
component constituents. But as in other fields of allergy, these skin tests to he 
significant must be correlated and a.ssoeiatcd •with definite evidences of specific 
clinical sensitivity. 

At the outset ive were struck by the dis])arity between the high incidence 
of positive skin tests and the marked scarcity in our experience of untoward 
sj^steniic reactions following the injection of two or more doses of tetanus toxoid 
alum precipitated. A review of the literature reveals a similar paucity of re- 
ports of allergic reactions induced by tetanus toxoid. In France where many 
thousands of men have been injected with three or more doses of Ramon ’.s 
anatoxin, the procedure was reported as harmlc.ss, not being followed by any 
local or general reaction.'* In England Boyd" also noted the absence of reac- 
tions. Recently two very interesting reports have appeared in the British 
Medical Journal. Whittingham® reported two cases of anaphylaxis (nonfatal) 
that occurred among the 61,042 members of the Royal Air Force who had been 
immunized with two 1.0 c.c. doses of plain toxoid given about six weelcs apart. 
The toxoid contained AVitte peptone, which was held responsible for the severe 
peptone shock, since both patients gave positive skin tests to this protein. 
AVhittingham summarized his experience as follows : 


TOTAL NO. PEKSONS 
INOCULATED 


ACUTE ANj\PU\-I,i\CTIC DEFINITE CONSTITU- 
EE-WTION TIO.N’AL SVSlrTOMS 

A B 


LOCAL EILICTIONS 
ONLY 
C 


2 patients 12 patients 051 patients 

01,042 (0.003%) (0.02%) (1.00%) 

A. AnapliJ'lactic shock. 

B. Influenza-liko aching of lioad and body. Sliglit pyrc.\ia. Seven of tliese person-! liad 

urticaria of limbs and body. 

C. Bratmy swelling and pain for twelve to twenty-four hours. Twentv-two patients had 

urticarial swelling and itching around site (if inoculation for a few hours. 


Parish and Oaldey" also reported one patient with anaphylaxis after the 
second injection among over 300 members of the staff of the AVelleome Labora- 
tories that received tivo injections each of 1 c.c. of plain toxoid. The severe 
reaction Avas controlled by epinephrine. This patient had received two courses 
of staphylococcus toxoid, Avhich has a high content of AA^'itte peptone, tivo years 
and one year previous to the administration of the tetanus toxoid. This patient, 
as well as a number of persons who had received two injections of tetanus toxoid 
Avithout shoAving any anaphylactic s.ATnptoms, gaA^e marked skin reactions to 
Witte peptone and to peptic digests of beef, pork, and horse fibrin. Parish and 
Oakley stated that their obseri^ations **tliroAV considerable doubt on the value 
of scratch and intradermal tests as usually interpreted on the basis of early 
leadings. Late reactions appeai’ed to be important. Because the patient 
in question Avas the onl)’’ subject Aiho deA'eloped mild anaphylactic symptoms 
soon after the 1 .1,000 dilutions of W^itte peptone and tAA'o othei' beef fibrin digests 
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had been injected intraculaneouslj’-, the authors felt that Witte peptone might 
have been the substance in tetanus toxoid to which the paient had become sensi- 
tive. They concluded that allergic phenomena, though alarming, appear to be 
rare and are readily controlled by the injection of adrenaline. It is important 
to remember that these two large series of eases were immunized with tetanus 
toxoid plain, which contains larger amounts of peptone than alum-precipitated 
toxoids. On the other hand, the latter may act as a better sensitizing agent. 

In the United States tetanus toxoid alum precipitated has been used almost 
exclusively. In their report, Cooke and co-workers refer’ to two patients with 
urticaria besides our own case. The two cases were encountered by Hall after the 
injection of a second dose of toxoid (not alum precipitated) . Since publication 
of Cooke’s study, we have unmunized 250 additional patients with two 1.0 e.c. 
doses of alum-precipitated toxoid A without a single systemic reaction. Three 
persons had severe local reactions which subsided in twenty-four to forty-eight 
hours. Because individual experiences are bound to be limited in scope, we 
liave collected additional information through the kind cooperation of several 
workers in this field.® This collective experience with tetanus toxoid alum 
precipitated is summarized in Table I. 

Over 1,700 patients have been immunized with two doses of alum toxoid. 
Jlany received three injections. Only two cases of urticaria have occurred. One 
of them resulted after a number of injections had been given to an allergic 
child for hyperhnmunization. The very small number of reactions in this large 
group of patients is in agreement with the experience of Whittingham® and is 
in sharp contrast with Cooke’s “belief that reactions occur more often than the 
present reports indicate.” In his series of about 25 cases, Cooke and collabora- 
tors found four instances of induced sensitization with but one reaction of 
serious proportion. Actually there was only one patient with urticaria, while 
a second subject gave a very marked swelling with itching at the site of the 
second injection that subsided in twenty-four hours. In an addendum, Cooke 
stated that two additional eases of delayed urticaria were encountered. In one 
it occurred after the second dose ; in the other, after the third injection. Neither 
case showed any significant skin test reaction to the toxoid (1 :10) before or after 
the therapeutic injection. 

From the data we have gathered it appears that following immunization 
with tetanus toxoid alum precipitated skin sensitization occurs much more often 
than clinical evidences of allergy. Actually the latter are a rather rare occur- 
rence easily controlled by epinephrine hydrochloride. Moreover, an untoward 
allergic reaction may occur in the absence of any significant skin reaction 
(Cooke’s two cases). Converse^’', it does not follow that the presence of a posi- 
tive skin test contraindicates the administration of tetanus toxoid. To insist 
upon a negative skin test before the injection of alum toxoid is given is not 
warranted by our experience. For example, among our onm cases after 
significant positive skin reactions were obtained in two patients (Nos. 58 and 
65, group 2), three months after the first dose of alum toxoid A had been given 
they received a second dose without any mishap. Six montlis later these two 
patients were retested and again after obtaining marked skin reactions to tetanus 
toxoids A and B and Berna peptone A, a third dose of alum toxoid A was in 
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5. Little practical value can be expected from routine skin testing before tlie 
injection of tetanus toxoid. This Avould only serve to i-ender cumbersome an 
otherwise simple and effective method of immunization against tetanus. As in 
any other immunizing procedure, the occasional occurrence of an allergic re- 
action should be kept in mind and epinephrine hydroclioride, 1 :1,000, should 
always be available. 

I wish to tliank Dr. W. A. Feirer, Director of tlie MeJical-RescarcIi Division of Sliarp & 
Dohnio. and Dr. A. F. Coca, of tlie Lcderle Laboratoric.s. for tlic .supply of tLsstinp; .solution.s. I 
also wish to express my appreciation to Doctor-s A. VIcBrydc, C. V. Brown. F. Coca. JI. 
Fernan-Nunez, P. B. Cowles, and R. N. Kempton for allowing me to u.so tlieir clinical data on 
persons actively immunized against tet.anus. 
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LOCALIZATION AND CONCENTRATION OP STAPHYLOCOCCUS 
ANTITOXIN IN AREAS OP RABBIT’S SKIN* 


R. H. Rigdon, M.D., ]\'Iejiphis, Tenn. 


I N RECENT publications it was shown that staphylococcus antitoxin follow- 
ing an intravenous injection localizes and concentrates in areas of rabbit’s 
skin where xylol is applied.^’ ■ Poreign serum and antibodies have been dem- 
onstrated by others in areas of inflammation. Menlcin^ showed the presence of 
horse serum following an intravenous injection in areas of inflammation by 
extracting the tissues in saline and using the precipitation reaction. Pox^ used 
a similar technique to demonstrate the localization and concentration of ag- 
glutinins in areas of inflammation. 

The present paper is a report of some observations on the failure of dermal 
necrosis to occur in the rabbit when staphylococcus toxin is injected intra- 
dermally into areas where xylol has been applied in animals previously given 
staphylococcus antitoxin intravenously. 


METHODS AND SIATERLVL 


Normal rabbits are used. They are carefully shaven twenty-four hours 
or longer before the experiment is begun. An area, approximately 4 by 6 cm., 
is outlined with India ink on one side of each rabbit. Five cubic centimeters 
of staphylococcus antitoxin is given intravenously in the marginal vein of the 
ear. Xylol, on a cotton applicator, is applied to the demarcated area of skin 
immediately after the injection of the antitoxin. One tenth cubic centimeter 
of staphylococcus toxin is injected intradermally in the xylol-treated and un- 
treated skin of the same rabbit at intervals varying from immediately to nine 
days folloAving the injection of the antitoxin. 

In the control experiment xylol is applied similarly to the skin of six 
rabbits, and staphylococcus toxin is injected intradermally in each of two rab- 
bits at the following intervals after the application of the irritant : five, twenty- 
four, and forty-eight hours. 

The presence or absence of sldn necrosis at the site of the injection of the 
toxin in the xylol-treated areas of skin is considered indicative of either the 
absence or the presence of antitoxin. The control for each experiment is the 
presence of necrosis at the site where the toxin is injected in the normal skin. 


•From the Department of Pathology, University of Tennessee 
Alemphis. 

^ Aided by grants from the John and Mary R. Markle Foundation 
Tennessee, 


College of Medicine, 
and the University of 


XasmtlirTenn.®^ of Pathologj-, Vanderbilt University, 

Laboratories‘‘‘'’’'^''°''°“’“' antitoxin and the stapl.ylococcus to-vin were supplied by Lederle 
Keceived for publication, August 28, 1940. 
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A marked variation in the size of the necrosis in each rabbit is also considered 
significant. Slight variations in the size of tlie necrosis may be observed when 
a series of injections of equal size are made in a single rabbit. 

T.\bi.e I 


Necrosis Produced by St.vi*hyi.ococcit.s Toxin- in' Xyi.ol-Tre.vted .v.vd U.ntrb.ited Aridis or 
Skin- i.n R.ibbits Give.y ST.vriiYi.ococcus Antitoxin Intr.wenousi.y 


UABBIT 

TI.ME IJETWEEX .VI^PLICA- 
TION' OP XYEOL AND IN- 
JECTION OP TOXIN 

.viEEA.s OP n>:(;ko.si.s Am:u nouns 

AIIEA WITH XYLOL 

AKK.\ WITHOUT XYLOL 

34G 

liiinwdiiitc 

0.4 hy 0.3 dll. 

0.4 by 0.5 cm. 

347 

Imnictliiitc 

1.0 by 1.2 dll. 

0.5 by 0.6 dll. 

399 

2 hours 

No ncerosis 

1.3 liy 2.0 cm. 

400 

2 Iiour.s 

No necro.sLs 

1.0 by 1.5 cm. 

303 

3 hours, 13 minutes 

0.15 by 0.13 dll. 

1.2 bv 1.2 cm. 

304 

3 liours, 13 miuufu.s 

No nciTo.-<i.s 

0.() by 1.5 cm. 

309 

24 hours 

No neero.'is 

1.5 by 2.5 cm. 

370 

24 iiQurs 

No ihvrosis 

1.5 by 1.5 cm. 

376 

44 hours 

0.15 by 0.15 <-7ii. 

1.0 bv 1.5 cm. 

377 

44 hours 

0.2 by 0.2 ein. 

1.5 bv 2.5 cm. 

378 

5 iluv.s 

0.7 by 0.8 du. 

O.S bv 1.4 cm. 

379 

3 days 

0.1 by 0.1 dll. 

0,2 by 2.0 cm. 

3S0 

9 days 

1.3 by 1.5 cm. 

1.0 by 2.0 cm. 

381 

9 davs 

2.0 by 2.0 dll. 

1.3 bv 2.0 cm. 

367* 

3 hours 

2.0 by 9.0 om. 

2.3 bv 6.0 cm. 

371* 

5 hours 

2.0 by 8.0 dll. 

2.0 bv 6.0 cm. 

393* 

24 hours 

1.3 by 3.0 dll. 

3.0 by 6.0 cm. 

391* 

24 Iiour.s 

1.5 by 5.0 dll. 

5.0 by 6.0 cm. 

3S8* 

48 hours 

2.0 by .5.0 dll. 

3.0 bv 6.5 cm. 

389* 

48 hours 

1.5 by 6.0 cm. 

2.5 by 6.0 cm. 


•These rabbits received no antitoxin. 

Rabbits given T> c.c. of slaphylococcu.s antitoxin. 
Ail rabbits received 0.1 c.c. of toxin intradfrinally. 


ENPEUniENT.lL 

The xjdol-treated areas of skin become hypercmic and edematous within 
a period of minutes and continue to show maeroseopic evidence of inflammation 
for approximately five days. 

Staphylococcus toxin ivhen injected intradernially produces necrosis in 
the normal skin within twenty- four hours. Table I shows the size of the 
necrotic az’eas in the xylol-treated and untreated skin when staphylococcus toxin 
is injected intradermally twenty-four hours previously. Furthermore, these 
data in this table show that all the rabbits in which xylol i.s aijplied to the 
skin and no antitoxin is given intravenouslj' have areas of necrosis in the 
xylol-treated areas of skin approximately the same size as those in the un- 
treated skm. There is also no significant difference in the size of the areas of 
necrosis m the treated and untreated areas of skin in those rabbits in which 
die toxin IS injected intradermally immediately following the intravenous in- 
jection of the antitoxin. 

The areas of necrosis in the normal skin are alivaj-s smaller in the rabbits 
given antitoxin than thej^ are in those rabbits given no antitoxin. 

When the mteiwal between the intravenous injection of the antitoxin and 

t'vo hours, complete inhibition of 
neciosis ocem-s in the areas of skin ivhere the xylol is appUed. There is also 
mai ed inhibition of skm necrosis produced by staphylococcus to-xin when 
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xylol is applied from forty-four hours to five days following the injection of 
the antitoxin. After nine days the extent of the necrosis produced by the toxin 
in the area where xylol is applied is the same size as that which occurs in the 
untreated skin of the same rabbit. 


DISCUSSION 

The experiment shows that there is an absence of necrosis following an 
intradermal injection of staphylococcus toxin in those areas of skin where xylol 
is applied immediately after an intravenous injection of staphylococcus anti- 
toxin when the toxin is given from two to forty-four hours later. This in- 
hibition of local necrosis apparently results primarily from the neutralization 
of the toxin by the antitoxin. Staphylococcus antitoxin apparently accumu- 
lates in a greater quantity in the inflamed tissue than in the normal skin, as 
shorn! by the absence of necrosis in the xylol-treated areas. The presence and 
absence of necrosis in the skin of the same rabbit is a good control and eliminates 
the necessity of determining the variation in the normal staphylococcus anti- 
toxin titer of each animal. 

The size of the skin necrosis produced by staph3dococcus toxin in the areas 
where xjdol is applied apparently may be slightly influenced by factors other 
than antitoxin. This is shown bj^ the slight variation in the size of the areas 
of necrosis produced bj’’ toxin in the rabbits treated with xjdol twenty-four to 
forty-eight hours previously. Some of the staphylococcus toxin may be re- 
moved from the site of inoculation in the xjdol-treated areas of skin as a result 
of an increase in the flow of lymph and blood. It is essential to inject the same 
quantity of toxin into the xylol-treated skin in rabbits given antitoxin as is 
necessary to produce definite areas of necrosis in the xylol-treated areas of the 
skin in the same animal without the addition of antitoxin. 

It is interesting that an interval of approximately two hours is necessary 
before a sufficient quantity of antitoxin accumulates where xylol is applied to 
neutralize completely the amount of toxin used in this experiment. The anti- 
toxic effect, sufficient to inhibit necrosis, remains in the tissue for a limited 
time only. This is shoivn bj" the presence of necrosis where xylol is applied, 
and the antitoxin is given five daj^s before the intradermal injection of the toxin. 
Approximately equal size areas of necrosis occur in the xylol-treated and un- 
treated skin when staphjdococcus toxin is injected nine days after the xylol 
is applied locally and the antitoxin is given intravenously. 

It would appear most likely that staphjdococcus antitoxin localizes and 
concentrates in areas of tissue as a result of the same mechanism which permits 
colloidal dyes to localize and to concentrate in areas of inflammation. Staphylo- 
coccus antitoxin like trj^pan blue fails to localize and to concentrate in areas 
of inflammation when the antitoxin is injected twentj^-four hours follovdn" the 
local application of xylol.^ 

The concentration of antibodies in areas of inflammation may produce a 
local condition unfavorable for the development of an infectious process. Ee- 
cently such a condition was thought to occur in mice passively immunized with 
staphylococcus antitoxin when they were given a subcutaneous injection of 
broth culture of staphylococci. There was a marked increase in the number of 
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leucocytes in tlie area of inflammation in tlie immune animals as compared ■with 
the number of leucocytes in tlie normal.® 

It is conceivable that antibodies other than antitoxin may localize and 
concentrate in areas of inflammation provided there is an increase in capillaiy 
permeability. The favorable results obtained clinically by applying counter- 
irritants to local areas of inflammation produced by bacteria may be influenced 
by the localization of antibodies in the areas as a result of a local increase in 
capillary permeability. 

It may be said that diphtheria antitoxin localizes and concentrates in areas 
of inflammation produced by the local application of xylol in the rabbit in a 
manner similar to that of slaphjdoeoccus antitoxin. No attempt has been made 
in these experiments to make a (piantitalive study on the localization of anti- 
toxin in areas of inflammation. 

SU-UJIARY 

Staphylococcus antitoxin following an intravenous injection localizes and 
concentrates in areas of the rabbit’s skin where the capillary permeability is 
increased through the local application of xylol. This localization of antitoxin 
is indicated by the development of a smaller area of necrosis wlicre an intra- 
derraal injection of staphylococcus toxin is made into the xylol-treatcd skin. 
Antitoxin sufficient to inhibit necrosis localizes within apjiroximately two hours 
and remains in the tissues for at least five days. 'Die significance of the lo- 
calization of antibodies in areas of inllammation and the use of counterirritants 
in the treatment of local infections are briefly discussed. 
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BACTEEIEMIA PRODUCED BY AN AEROBIC, GRAjM-NEGATIVE 
SPORULATING BACILLUS^ 


Ajiedeo Bondi, Jk., M.S., E. H. Spaulding, Ph.D., and John A. Kolhek, M.D. 

Philadelphia, Pa. 


D uring 193S our laboratory isolated an aerobic gram-negative, spore- 
forming bacillus from the blood cultures of five hospitalized patients. Be- 
cause this motile organism on primary isolation apparently did not contain 
spores or ferment carbohydrates, it was thought at first to be a member of the 
Alcaligenes group. Further studies, however, revealed its ability to form spores. 
In addition, it was found to have no serologic relationship to AZc. faecalis. 


Table I 


Data Eegaeoixg Isolation of GRAii-NEO-VTivE, Sporulating Bacillus 


P.mENT 

DIAGNOSIS 

DATE 

BLOOD CULTURE 

s 

Acute moaoeytie leu- 

6/27/38 

Positive 


cemia 

7/ 1/38 

Positive 



7/ 7/38 

Positive 



7/12/38 

Negative 



7/20/38 

Positive 

H 

Lymphocytic leucemia 

7/16/38 

Positive 


and pernicious ane- 

7/21/38 

Negative 


1 mia 

7/23/38 

Negative 

C I 

Pneumonitis, tracheo- 

8/27/38 

Negative 


bronchial lymphad- 

8/30/38 

Negative 


enitis 

0/ 1/38 

Positive 



9/ 8/38 

Positive 



9/21/38 

Negative 

0 

Undulant fever 

9/14/38 

Positive 



9/21/38 

Negative 



10/ 7/38 

Negative 

B 

Pneumonia 

11/18/38 

Positive 



11/22/38 

Negative 


A total of nine isolations were made over a period of five months (Table I). 
The blood cultures from three patients were positive once ; from one other, twice ; 
and from another, four times. In the last case the gram-negative bacillus was 
also isolated from the bone marrow and spleen at autopsy nine days after the last 
blood culture. jMorphologicallj^ biochemically, and tinetorially all five strains 
were identical, and there was but little doubt they comprised a single species. 
The consistency udth which this bacillus was isolated in blood culture from one 
of these patients convinced us that we were not dealing with an ordinary con- 
taminant, but with an actual inhabitant of the blood stream. Our pui-pose here 
is to submit the description of this bacillus and to report the results of serologic 
and pathogenic studies. ° 

Medlcrn^rPhnadeI?X."‘'”"”‘ Bacterioloej- and Immunolosj-. Temple University School of 
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DESCKIKTION OK ORGANISE 
Morphology 

Bods: 0.7 to 0.8 by 3.4 (o 4.5 niieron.s. Tapered witii rounded eiuls. Occur 
singly and in pair-s, never in chains. 

Spores: Ovoid, 0.9 to 1.2 l)y 1.2 to 1.7 microns. Stibterniinal to central swelling 
of the rod, elo.stridial appearance. Often naked. Formed early (witliin 
18 hours) at 37° C. 

Motility: Active and progressive in 3 'oung eulture.s. Peritriehous flagella. 
Staining: Gram-negative. Young cells sometimes variable. 

CuUnnil Charactcri.'itics 

Colonics: On e.xtract agar j'oung colonics are medium-sized circular, entire, and 
regular. The\' arc transparent, colorless, and glo.s.s.v. Older cultures 
nun* contain a variant which is gra\'ish white and opaejue. Both O’pes 
are often present, giving appearance of mi.ved culture. 

Broth: Profuse growth in e.xtraet broth with fine pellicle, heavy sediment, and 
slight turbiditj'. Streamers often appear in broth. 

Biochemical 

Carbohydrates: No action on an.v of the common sugars, or saliein, mannitol, 
inulin, rhamnose, cellobiose, sorbitol, glycerol, raflinose, inositol, or 
de.xtrin. Starch not hydrol.vzed. 

Gelatin: Liquefaction in from 6 to 8 da.vs at 37° C. 

B. C. P. Milk: No coagulation, no acid, becoming alkaline in four to five days. 
No peptonization in seven da.vs. 

Nitrates reduced to nitrites to ammonia; iudol negative; slight ILS production 
in lead acetate agar. Grows in Koscr’s uric acid and sodium citrate 
media. No hemolysis on horse blood agar. 

Growth Requirements 

Temperature: Minimum temperature for growth, 25° C. ; maximum, 50° to 55° 
C. ; optimum, 37° to 42° C. 

Optimum pH: Grows at a pH of 5.0 to 9.0. Optimum 6.0 to S.O. 

Inhibition by Byes; Inhibited by dilutions of gentian violet not ordinarily 
affecting gram-negative organisms, namely, 1 ;200,000 to 1 :400,000 on 
extract agar. 

Thermal Resistance of Spores: Besists boiling water for 4 hours. 

Oxygen Requirements: A strict obligate aerobe. 

Antigenic Structure. — High-titered sera were produced bj’ injecting rabbits 
with young, living, broth cultures. Cross agglutinations with flagellar antigens, 
as shoNvn in Table II, indicate two serologic types. Strains H and S con^pose 
one type, while strains C, 0, and B form a second. Reciprocal agglutuiation 
tests, using somatic antigens, showed a high degree of cross agglutination and 
suggested an 0 antigen common to both tj'pes. 
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Table IE 

Eecipbocal Agglutination Tests 



SERUM DILUTION TITER 

ANTIGEN 

H 

s 

C 

0 

H 

S 

C 

0 

B 

5120 

5120 

320 

320 

160 

10240 

10240 

SO 

80 

160 

160 

160 

5120 

5120 

2560 

20 

40 

10240 

10240 

2560 


Pathogenicity. —i^onQ of the isolations was pathogenic for rabbits. On two 
different occasions rabbits were injected intravenously with 1.0 c.c. doses of 
undiluted broth culture on alternate days for a period of two to three months. 
There were no ill effects. Blood cultures were repeatedly negative. Certain 
rabbits were sacrificed, and cultures made from the liver, spleen, and Iddney. 
All were negative. Since two isolations (S and H) were from cases of leucemia, 
daily blood counts were carried out. No significant change in the blood picture 
was observed. 

Goniyarison With Dubos’ Bacillus . — Recently (1939, 1940) Dubos reported 
the isolation of a bactericidal substance from a soil bacillus (B. G.) which, when 
first described, appeared to resemble our organism. Morphologically and bio- 
chemically they are somewhat similar, but they differ in that Dubos ^ organism 
hemolyzes blood and produces spores of low heat resistance. There is no 
serologic relationship. 

One strain of each agglutinative type rvas fractionated by Dubos’ method 
for obtaining gramicidin. At the same time a search was made for a similar 
bactericidal substance obtained by Hoogerheide (1940) from members of the 
B. suhtilis group. All attempts were unsuccessful. 

DISCUSSIOH 

An attempt to classify this gram-negative, spore-bearing bacillus has met 
with little success. Ber gey’s Mamuil (1939) contains numerous species of the 
genus Bacillus which, in many respects, resemble our organism. Nevertheless, of 
the species described in sufficient detail for accurate comparison, every one is 
different from the organism being reported in some major morphologic or bio- 
chemical characteristic. We believe, however, that an attempt to create a new 
species would he unwarranted without extensive serologic investigation. 

The source and significance of this bacillus is open to conjecture. There 
is no evidence that it acts as a primary, or even a secondary, incitant of disease. 
Its presence in the blood stream seemed to bear no relationship to the condition 
of the patients. No evidence was obtained that the number of organisms in the 
circulating blood at any one time was high. In addition, of the two sera tested 
(S and H) neither one contained specific antibodies. The highly resistant nature 
of the spores suggested that they might be found in saline, or on syringes and 
needles due to faulty sterilization. In this way, their presence in the blood 
stream could be explained. 

Examination of several lots of glucose solution, saline, and syringes, liow- 
ever, did not yield this organism. The intestinal tract has been considCTed as a 
possible source. Nevertheless, cultures from stools of normal individuals were 
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consist entl}'' negative, although I’l'oin one stool a spove-bearing baeillns of similar 
morphology was isolated. Each patient whose blood, yielded this organism ap- 
peared to have lowered resistance. This may account for the survival and pos- 
sible multiplication in the blood stream of an avirulent spore-former. 

Although the literature contains a number of reports of the isolation of 
Ale. faccalis from blood (Andrieu and otJier.s, IDSd), not all give an adequate 
description of the organism (Brown and Stewart, 1935; ilclntyre, 1936; Gold- 
berg, 1938). It is conceivable that in some of these instances the organism was 
actually this gram-negative spore-bearer, but due to the absence of spores on 
primary isolation from the blood stream it was mistaken for Ale. faccalis. 

SUMJIARY 

1. An unidentified gram-negative, spore-bearing bacillus was isolated from 
the blood stream of five different patients. 

2. Prom one individual the organism was isolated four times, from another 
twice, indicating a state of bacteriemia rather than e.Kternal contamination. 

3. The morphologic, biochemical, and serologic characteristics are presented. 

4. The source and significance are discussed. 

5. Any relationship to the B. 6. organism of Dubos was ruled out. Search 
for a bactericidal substance by the methods of Dubos and of Hoogerheidc was 
unsuccessful. 

The generous assistance of Miss Fninces Tiicrffs In carrying out the pathogenicity sluJies 
is acknowledged with gratitude. 
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SEPARATION OP THE COAGUHANT PROM THE TOXIC PRINCIPLES 
OP THE VENOM OP THE AUSTRALIAN TIGER SNAKE 
(NOTECHIS SCUTATUS)’' 


With REaiAKKS on the Mode of Action of the Coagulant 


Samuel Rosenfeld, M.D., and Joshua Rubinstein, M.D. 
Brooklyn, N. Y. 


T he yenom of the Australian tiger snake (Notechis scutatus) is one of the 
most powerful snake poisons known. Injected subcutaneously, it is more 
potent per milligram than an}’’ other known snake venom. ^ Death is attributable 
to the action of an extremely active neurotoxin.^ Tiger snake venom also con- 
tains a powerful coagulant substance. Very minute amounts can rapidly clot 
oxalated or citrated blood in vitro or cause intravascular coagulation in vivo on 
intravenous injection.^’ ‘‘ Only the venoms of the South American vipers, the 
jararaca (Bothrops jararaca) and the fer-de-lance (Bothrops atrox), and the 
Australian black snake (Pseudechis porphyriacus) are comparable in coagulat- 
ing power. This property of tiger snake venom has been utilized clinically to 
arrest severe eapillai’y hemorrhage by topical application.'* The coagulant action 
of snake venoms has led also to their introduction into the study of problems 
concerned in blood coagulability, and has served to increase our knowledge of 
this process,®’ ® It has been found that the coagulant factor of tiger snake 
venom produces its effect in the same way as does thrombokinase, except that the 
presence of calcium is not required; in other words, it can in itself activate pro- 
thrombin to thrombin.®’ ® 

A great deal of work has been done in attempting to separate the coagulant 
from the neurotoxic factor of tiger snake venom, but hitherto only the toxic 
factor has been successfully separated.^’ ® In the present investigation a simple 
method has been devised to separate the coagulant from the toxic factor of 
tiger snake venom. It is based on the action of hydrochloric acid upon the 
venom. 

A 1 :1,000 solution of powdered tiger snake venom in physiologic salt solu- 
tion (0.85 per cent NaCl) is made. The solution is filtered through ordinary 
filter paper to clear it of any debris. Hydrochloric acid, in strength of 1.4 
normal or 5 per cent, is added in equal volume. After several minutes an 
opalescence is noted, which at the end of one-half to one hour forms a precipitate. 
The resulting mixture is allov’ed to stand overnight in a refrigerator. The next 
day tlie mixture is centrifuged at 2,500 to 3,000 r.p.m. for twenty minutes in 
ord^o get a well-packed layer of the precipitate and to effect complete separa- 

Brookl7n.°"’ Hematology. Department of Laboratories, the Jewish Hospital of 
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tion from the supernatant llnid. The supernatant fluid, which contains the 
toxin, is carefully decanted or pipetted so as not to disturb any of the sediment 

in which the clotting factor is present in an inactive state. An extremely small 

pai'ticle of sediment carried over into the supernatant solution will cause the 
fluid on neutralization to exhibit a significant degree of clotting power. The 
fluid is, therefore, filtered through a special grade of filter paper (Whatman 
No. 42), or through a No. 4 Jena fritted gla.ss crucible. The .sediment (pre- 
cipitate) is broken up and dis.solved in distilled water. The volume is made 

up to that of the original venom solution. It is then reprecipifated with 1.4 nor- 
mal acid. After waiting one-half to one hour the precipitate and the supernatant 
are separated as before. The proce.sses of precipitation and separation are again 
repeated. The three precipitations are necessaiy to free the coagulant present in 
the sediment from the small amount of absorbed toxin. 

The sediment obtained after the third precipitation is separated by centri- 
fuging as before, and then broken up and dis.solvcd in a volume of distilled water 
equal to half the volume of the original venom .solution. It is now carefully neu- 
tralized to a pH of 7.0 to 7.2, or to the pH of the original venom solution. The 
volume is then brought up to that of the original venom solution with distilled 
water and is ready for testing. It is e.ssential that the resulting .solution shall 
be water clear. If the solution shows any opalescence it will be much le.ss potent 
in coagulant activity than a clear solution. During the proccs.s of neutralization 
a heavy precipitation occurs at about a pH 6.5, which may be the isoelectric 
point of some substance in this preparation. It is important to pass over this 
point quickly; otherwise a final clear .solution may not be obtained. 

The three supernatant solutions after filtration are neutralized to pH 7.2, 
and tested for clotting action. The volumes and any additions are recorded for 
calculating the dilution of toxin. They arc then tested for possible clotting 
action upon fresh eitrated human plasma. Usually no clotting takes place, and 
the fluids are ready to have their toxicity tested. Occasionally a weak coagulant 
activity may be noted. When this occurs, the liuids must be treated once with an 
equal volume of 1.4 normal hydrochloric acid to precipitate the clotting factor, 
which is then separated as above. The fluids after neutralization are now cer- 
tain to be coagulant free. 


TOXICITY OF THE FKACTIONS 

Toxicity tests are made by subcutaneous injections into mice weighing from 
15 to 20 Gm. In such animals the average minimal lethal dose of tiger snake 
venom acting within twenty -four hours is approximately 0,5 e.c. of 1 :100,000 
solution, or 0.005 mg. It was found that subcutaneous injections of the first 
supernatant solution, appropriately diluted, killed mice in amounts between 
0.75 and 1.0 c.c. of 1 :100,000 dilution, which is close to the lethal action of tiger 
snake venom. The small difference in degree of toxicity between the first super- 
natant solution and the whole venom solution is mostly accounted for in the 
toxicity of the second supernatant solution, which Avas lethal in amounts of 2 e.c. 
The thiid supernatant fluid has no significant amount of toxin Avhen injected in 
doses as large as 3 e.e., the maximal amount of any fluid that can safely be 
injected at one time in a 15 to 20 Gm. mouse. 
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In testing the toxicity of the thrice-precipitated fractions (which contain 
the clotting factor) various preparations vvere made from amounts of whole 
venom up to 15 mg., which is equivalent to 3,000 minimal lethal doses in mice. 
Subcutaneously, inoculated as neutralized solutions in volumes of 2 to 3 c.c., 
these preparations were found to be harmless. Such mice were observed for a 
period of one month without their showing any ill effects. 


14 000,000 


T(»M 



X_ ofiAftt* 


GfVPM fSEflitOCARITHMlC), SHOWING THE 
CLOTTIriG POWER OF THE ISOLATED 
COAGULANT (THROMBOIt)') OFTIGER SHAKE 
VEUOM AS COtlPARtD TO THE CLOTTING 
POWERS OF TIGER-SnWE VENOn, 
JARARACA VENOn, and per DE lance 
venom. 

COAGULATION T1m£ IN MINUTES " 

CROQM TEMR 


THE COAGULANT ACTION OP THE PRECIPITATED FRACTION® 

For testing the dotting power of the precipitated fraction, which contains 
the coagulant factor, a rack of small tubes was set np, each containing 0.1 c e, 
of progressive dilutions of the fraction, eadi tube having one-half the°stren"th 
of the p receding one. Considering the dilution of this fraction, when the volume 

‘Tlie term "thrombold" has been api>Iic-d by us to the preciDitated fr-ietin,. 

StTon°it‘lSnclunr-‘*'-‘ action^poS ualrouT'the 
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is brought up to that of the original venom solution, to he 1 :1,000, the resultant 
final titers after 0.4 c.c. of citratecl human plasma has been added to each tube, 
ranged from 1 ;5,000 to 1 : 1 , 280,000. Control tubes were set up with similar dilu- 
tions of the tiger snake venom from which the fraction was made. It was noted 
that up to the titer of 1 :100,000 the coagulant fraction was just as powerful as 
the parent substance (tiger snake venom), with clot formation taking place 
between thirty and ninety seconds, depending on the dilution. In liiglior dilu- 
tions, however, the coagulant fraction rapidly becomes weaker as compared to the 
whole venom; thus, at a dilution of 1:300,000 the clotting time is twice as long 
for the fraction as it is for the whole venom. It would, therefore, seem that there 
is some destructive action by action upon tiger snake venom in the separation of 
the coagulant factor. It must be borne in mind, however, tliat the latter was not 
dried and weighed, and it is rea.sonable to assume a more powerful action for 
the coagulant fraction if this were done. 

Clotting tests were also made Avith a purified fibrinogen solution, prepared 
by triple precipitation Avith sodium chloride of Berkefeld-filtered citrated 
plasma.® When tiger snake venom or its coagulant fraction is added to tlie 
fibrinogen, no coagulation takes place, indicating that these reagents do not 
act like thrombin. But the addition of prothrombin, prepared by the action 
of carbon dioxide upon Berkefeld-filtered citrated iilasma,® enables clotting to 
take place readily. Hence it appears that tiger snake venom and its coagulant 
fraction act like thrombokinase, rapidly activating prothrombin into thrombin, 
Avithout the need of calcium. HoAvever, the addition of calcium produces a 
greater acceleration of the coagulation time. This conception of the thrombo- 
kinase-like activity of tiger snake venom and of the coagulant factor derived 
from it is in agreement Avith the previous findings of IMellanby® and Eagle.® 

It is interesting to compare the clotting action of tiger snake venom and 
its derivative coagulant Avith the potent coagulant venoms of Bothrops atrox 
(fer-de-lance) and Bothrops jararaca.^ Up to a 1:5,000 titer, jararaca venom 
has a greater clotting activity than tiger snake venom or its derivative, but then 
it quickly loses its superiority and at a dilution of 1 :10,000 and beyond it is 
distinctly Aveaker. The action of fer-de-lance venom closely parallels that of 
jararaca venom (see Pig. 1). The coagulant activity of still another venom— 
that of the Russell viper — appears to be far inferior to any of the above- 
mentioned venoms. 

When jararaca or fer-de-lance A'cnom is added to a pure fibrinogen solution, 
rapid coagulation takes place, indicating that these venoms, unlike tiger snake 
venom or its derivative, e.xhibit a thrombin activity. 

In comparing the nature of the clots formed by the A'arious A’cnom coagu- 
lants, it Avas found that those produced by tiger snake venom and its deriA'ath’e 
are firm and difficult to dislodge, Avhereas the A’enoms of the Bothrops group pro- 
duce softer clots, Avhieh easily slide doAAm the side of the tube Avlien the latter is 
inveited. Puitheimore, the clots of the Bothrops group undergo lysis Avithin 
tAvelve hours, Avhile those formed by the tiger snake venom and its derivative do 
not become fiuid until after forty-eight hours. 


♦For the separation of the coagulant from the toxi 

irsri%X 


factor of the Bothrops group of 
For the jararaca venom a method 
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SUAIMAKY 

A method has been described for completely separating the coagulant from 
the toxic factor of the venom of the Australian tiger snake (Notechis scutdtus). 
Neither of the fractions was prepared in a dry state, nor ivas any attempt made 
to determine its chemistry. 

The coagulant fraction is approximately equal in potency to its parent sub- 
stance up to dilutions of 1 :100,000, but in still higher dilutions there is a de- 
terioration in the potency of the fraction. Injected subcutaneously into mice, 
the coagulant factor prepared from as much as 15 mg. of tiger snake venom, 
which is equivalent to 3,000 minimal lethal doses, is harmless. 

The toxic fraction of the venom not only has no significant coagulant ac- 
tivity but also retains almost quantitatively the toxicity of the original venom. 

In its action both tiger snake venom and its coagulant fraction behave like 
thrombokinase plus calcium, readily converting prothrombin to thrombin. They, 
therefore, readily clot citrated plasma. Unlike the Bothrops venoms, which 
have a thrombin action, they do not clot purified fibrinogen solutions; however, 
they will do so when prothrombin is added to the fibrinogen. 
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STUDIES ON THE DETECTION OP ABSCESSES AND TUMORS* 


III. COXCEXTKATIOX AXI) DeTECTXOX OK A RADIOACTIVE SCDST.VXCE IX AdSCI>:.'5E3 


H. H. Kroll, B.S., S. P. Strauss, M.D., and II. Neciieiais, :^I.D., Ph.D. 

Cuic.voo, Ii.u. 


I N AN EARLIER paper a new method for the detection of absce.s.ses or tumors 
was desei'ibed. It consisted of tiic injection of substances wiiicli localize in 
or around abscess or tumor tissue.* The.se substances were made artificially 
radioactive and their localization was detected by a sensitive electron counter, 
which registered the points of highest concentration of gamma rays in the body. 
The blue dye T 1821 was employed. Its concentration in abscc.s.sed and normal 
tissue and various organs was described, and a flieory on the mechanism of the 
localization process, based on physicoehemical interpretations, was proposed.' 
Since the purpose of this work was to prepare a radioactive substance, wiiich 
would localize preferentially in ab.scess and tumor tissue, and thus be available 
for diagnostic purposes in man, our attention was turned to other dye derivatives 
in order to find a more suitable carrier for the radioactive atom. 

The various dyestuffs which have been used for studying localization phe- 
nomena are mainly vis-azo acid dyes containing three to five sulfonic acid groups. 
In various studies made on these compounds in order to correlate chemical struc- 
ture and physiologic activity, the number of sulfonic acid groups in the molecule 
plays an important role.^* * The most readily available sulfonic acid derivative 
related to the bis-azo dyes is tlie di.sodium 1-amino S hydro.\-y 3,6-disulfonatc (H 
acid), which is used as an intermediate in the preparation of trypan blue and 
other acid azo dyes. H acid has been found to have an atfinity for serum 
proteins’ and also to localize in mouse carcinomas.'* 

Because of the ease of broniination, H acid was used in the investigation 
described in the present paper. It was brominated in aijueous solution, with 
inactive or with radioactive bromine, and these solutions, after the proper prep- 
aration, were injected intravenously info dogs having an abscessed thigh. The 
localization of the brominated H acid was determined bj' chemical analysis, while 
the concentration process of the radioactive compound was followed in tlie live 
animal by a Geiger-Mueller counter according to a method described in a previous 
papez*.* 

Experiinental.—Disodiwm 1-amino S-hydroxy naphthalene 3,6-disulfonate 
was obtained from Eastman Kodak Co. The sodium salt was reerystallizcd from 
water, and a 1 per cent solution was used. The broniination of the H acid,t* 
injection into the expei'imental animals, and chemical analysis of tlie tissues wei'c 


•Prom the Department of Gastro-Intest!n.al itesearch, Slioliael Kecso Hospital Chiensv. 
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carried out by methods already described,- except that in the present experi- 
ments the calculated amount of silver acetate was added to the solution, which 
was heated to boiling to coagulate the silver bromide, and the solution was 
centrifuged and filtered to remove the precipitate. All free bromide ions were 
removed by this procedure. 

The radioactive bromine, a mixture of the several possible isotopes, was 
generated from active lithium bromide by oxidation with potassium bromate. 
The lithium bromide was activated by exposure to a deuteron beam by means 
of the cyclotron. 




Chart 1. — Distribution, ot monobrominated H acid in the bodies of dogs. 

The calculated amount of lithium bromide and potassium bromate required 
to monobrominate the H acid was dissolved in 10 to 15 ml. of water and placed 
in a modified distilling flask connected with a condenser. Three milliliters of 
6 N sulfuric acid were added, and the reaction mixture was warmed gently. The 
bromine was distilled quantitatively into the flask containing the H acid. The 
bromination proceeded instantaneously, and the reaction was complete when the 
bromide-bromate solution became colorless, indicating that the lithium bromide 
had been completely oxidized. The brominated solutions thus prepared were 
treated in the same manner as the inactive preparations. Extreme care must 
be exercised to avoid contamination which would produce an increased count 
in the Geiger-klueller apparatus. 

The localization of the radioactive compound in the experimental animals 
was determined by the following procedures : An artificial abscess was pro- 
duced in the thigh as described previously, ‘ and twenty-four hours later the ani- 
mals received an intravenous injection of the preparation; twenty-four hours 
later they were anesthetized by nembutal, and the following sites of the dog 
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were focused on the Geiger-jMueller tube: abscessed thigh, normal thigh, lower 
chest, upper chest, and head. The avei’age total number of counts in a sei’ies of 
three-minute interval readings was used as a measure of the radioactive material 
concentrated in a given region. The Geiger-ilueller tube is so designed and 
shielded that the radiations which it mny detect must come from tlie limited 
area studied. The radiations detected from the radioactive regions of the ani- 
mal were primarily gamma rays. 

T.uir.K I 

ClIKMIC.M, A.N'.\I.y.Si.S OK IT-SSOES .\.VD OllG.V.VS* 


itC. OK Br l‘K!l 100 0-M. OK WET TESSUE 


SAMPLE 


OILVMS OK .MO.VOUr.OMI.S’ATEO H ACIO I.\'JECTK!i 



0.2 

o.t i 

1 0.0 

Abscess thigb 

LSI) 



Normal tliigii 

0.70 



Kidnev 

l.SO 



Spleen 

1.70 



Liver 

l.CO 




•-Vninuila sacrlilcod twenty-four hours afit.*r inJecUon. The ilaia listeil liere arc the 
averages obtained from four animals for each concentration stiulied. 


Data . — Table I tabulates the results of the chemical analysis of the tissues 
and various organs when 0.2, 0.4, and O.G Gm. of monobrominated II acid were 
injected. These data are illustrated graphically in Chart J. The optimum con- 
centration of monobrominated H acid on the basis of these results is the 0.4 Gm. 
level. With this dose, the concentration in the abscess was slightly higher or 
equal to the concentration found in spleen or kidney. At the 0.6 Gm. level the 
amount of bromine found in the spleen and kidney was greater than that found 
in the abscess. On the basis of the above results, 0.4 Gm. of II acid was used in the 
study made with the radioactive compound. The results of the localization or 
the radioactive H acid are given in Table II. 


Table n 

Distribution’ ok RADioACm-E Mokobroaunatek II Acid i.s- Four A.vimals Followi.vc 

IXTRAVE.N’OVS I.VJECTION OK O.I GJI. 


SITE OP COUNT 

AYEUAGB COUNT 

PER THREE- .MINUTE INTERVAL 

pkepakation a 

PREPARATION 

a 

Control'* 

10 

10 

oo 

19 

Abscess 

57 

125 


105 

Normal tliigh 

31 

5t 

53 

51 

Lower chest 

08 

90 


121 

Upper chest 

(55 

109 

105 

90 

Head 

54 

112 

85 

01 


•Background count due to cosmic and otlier radiation. 


The conclusion drawn from this series of exiieriments corroborates the 
chemical analysis. The region of the loAver chest, occupied by the kidney and 
spleen, has a slightly higher concentration of I’adioactive material than the 
abscessed thigh in 3 of 4 e.xperiments. 

DISCU.SSIOX 

The experiments described, although still in the experimental stage, illus- 
trate a new application of the artificially radioactive elements namely, as diag- 
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iiostic indicators for regions of infection. There are many instances wheie a 
Icnowledge of the location of a focus of infection would be of the utmost im- 
portance to the surgeon. The preliminary studies made on the location of the 
brominated H acid in inllamed tissue partly realize this aim, although more 
experimental work must be done before the use of these indicators may be ap- 
plied clinically. 

The problems to be solved before clinical investigations become possible are 
(1) the preparation of suitable carriers for the radioactivation; (2) an extensive 
study of the localization of these carriers in various types of inflammation, tumor 
growths, and tissue abnormalities; and (3) the technical improvement of the 
Geiger-Mueller counter so that it may be easily handled and focused on limited 
areas. It is expected that once the various phases of research listed above are 
carried to a successful culmination, the radioactive isotope and the Geiger- 
Mueller counter will prove to be a valuable tool in the hands of the diagnostician. 


SUMMARY 

The bromination of disodium 1-amino 8 hydroxy naphthaline 3, 6-disulfonate 
with normal and radioactive bromine is described. 

The localization of the inactive brominated derivative in abscess and normal 
tissue, spleen, kidney and liver, after intravenous injection of varying concentra- 
tions, was determined by chemical analysis. The concentration of the radioactive 
material was determined by locating the regions of highest radioactivity in the 
live animal by a Geiger-Mueller counter. The application of radioactive isotopes 
in the diagnosis of tissue abnormalities is discussed. 

We -want to express our gratitude to Doctors Simon and Slotin from the Department of 
Chemistry, the University of Chicago, for preparation of the radioactive lithium bromide. 
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STUDIES IN ABSORPTION OP UNDIGESTED PROTEIN® 


IX. ABSORPTION FR0:M THE STOilACII AND ESOPHAGUS 


]\Iax Hartex, M . D ., Irvixg Gray, M.D,, Saul Livjxgstox, :\r.D., axd 
I\[atthf,\v AValzek, IM.D., Brooki.yx, N. Y. 


T he absorptioji of traces of unaltered protein occurs pJiysiologically in 
fasting adults and children within a relatively .short period after oral ad- 
ministration of the jirotein meal.' In studie.s by Brunner and Walzei” fish 
protein appeared within fifteen minutes after its ingestion in the circulation 
of 93.8 per cent of the patients te.sted. In one instance, fish protein was de- 
tected in the blood stream two minutes after the consumption of the fish meal. 
The rapid absorption of other proteins, such as egg.' jieanut,' and cottonseed^ 
in an unaltered state, has also been demonstrated. Such absorption occurs 
regularly, not only following tlie ingestion of these substances but also followmg 
their administration by tube into the duodenum, “ into the ileum and colon,' 
and into the rectum.* 

■Whether absorption of unaltered protein can occur from the stomach has 
long been a moot question.® In a study of 3 patients with gastric carcinoma 
with incomplete pyloric obstruction. Gray and Walter* found the absorption 
rates to be considerably retarded in every instance. This retardation was at- 
tributed to mechanical interference Avith the passage of the ingested protein 
into the duodenum. Because of the pathologic elianges of the gastric mucous 
membrane in these cases, no conclusions applicable to the normal stomach could 
be draAvn from the investigations. 

Further study of the question of gastric absorption was sought by com- 
paring the absorption rates of peanut protein following oral and intraduodenal 
administration in a series of 14 selected patients.® AA'Ci-ages of 24.3 minutes 
and 18.6 minutes, respectively, Avere obtained folloAving the oral and intra- 
duodenal administrations of the protein meal. If it could be assumed that no 
absorption occurred from the stomach or esophagus, the average delay of five 
or six minutes associated Avith oral administration might be accounted for as 
the time needed for the passage of protein from the stomach into the duodenum 
in amounts sufficient to be absorbed from the small boAvel. Previous experi- 
mental studies, however, did not eliminate the possibility that absorption of 
protein might be taking place from the stomach as Avell as from the small in- 
testine. The need for further information on the subject of absorption from 
the stomach and esophagus, therefore, became apparent. 

♦From the Division of Allerffj-, Jewish Hospital of Brooklyn. 

‘’2 Semi-Annual Jlleetin& Division of .Vliergy. Jewish Hospital of Brooklyn, May 

Published in abstract, J. Allergy 10: 47S. 1939. 

Received for publication, September 21, 1940. 
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As a. result of the pioneei' work of Straus it was found that the iminunologic 
technique which had been previously employed to study the absoiption of un- 
altered protein in human beings could be applied effectively to similar studies 
in the rhesus monkey d® This opened up new possibilities for experimental 
investigation of problems in absorption which had not been feasible in the 
human being. The present studies wei’c, therefore, undertaken to investigate 
the question of absorption of unaltered protein from the stomach and esophagus 
in the rhesus monkey. 

TECHNIQUE 

The technique employed in these experiments was that described by 
Straus and "Walzer in a previous communication.’® A cutaneous site on a rhesus 
monkey was sensitized by the intracutaneous in.iection of a human serum con- 
taining skin-sensitizing antibodies (atopic reagins) for the antigen to be studied. 
After an interval of from twenty-four to forty-eight hours to permit fixation of 
the antibodies at the cutaneous site, the specifically related antigen was admin- 
istered orally. The lighting-up of the sensitized cutaneous site with an urti- 
carial reaction within a few minutes marked the entrance of unaltered protein 
into the circulation. 

The sensitizing serum in these experiments was obtained from an asthmatic 
patient, “P,” who manifested marked positive reactions to intracutaneous tests 
with dilute cottonseed extract. This serum showed an unusually high titer in 
atopic reagin content for cottonseed protein (1 :1,024 by the dilution method of 
Coca and Grove).” To effect local cutaneous sensitization about 0.05 ml. of 
the undiluted human serum was injected intraeutaneously on the thigh or chest 
of the monkey. An interval of one or two days was then allowed to elapse be- 
fore the absorption experiments were performed. Food AVas Avithkeld from the 
animals for at least tAventy-four hours previous to the experiment, but small 
amounts of Avater Avere given. The protein test meal consisted of a cottonseed 
“milk” Avhich Avas made by mixing 10 Gm. of raAv ground cottonseed in 30 ml. 
of tap Avater. The method of administration of the test meal and the amount 
employed varied Avith the experiment. The absorption time Avas the interval 
Avhich elapsed betAveen the administration of the test meal and the onset of the 
reaction at the sensitized cutaneous site. 

^ABSORPTION OF COTTONSEED PROTEIN FROM THE STOSIACH 

Experiment I. — This experiment Avas designed to determine Avhether or 
not absorption can occur from the stomach in the rhesus monkey. The animal 
employed in this study Avas a female monkey, Aveighing 4 kg. The details of 
the experiment are presented in their chronologic order as folloAvs; 

November 5, 1937. 9:00 a.m. A cutaneous site on the left chest of the 
monkey Avas passii'cly sensitized to cottonseed antigen Avith an intracutaneous 
injection of 0.05 ml. of “P” serum. 

November 6, 1937. 9:30 a.m. Tavo grains of veterinary nembutal AA'ere ad- 
ministered intravenously. Immediate narcosis resulted. 

10:00 A.M. The abdomen Avas opened. Tavo clamps Avere placed at the 
pyloric end of the stomach. The stomach was completely sectioned between 
these clamiis. The clamps Avere left in situ. 
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10:07 A.M. A rubber catlieter was introduced into the stomach through 
tiie nose. Thirty milliliters of cottonseed “milk” wa.s then injected, through 
the tube, into tlie stomach. 

10 :18 A.M. Wheal formation started to develop at the .sensitized cutaneous 
site, indicating the absorption of the eotton.seed protein into the circulation. 

Tlie absorption, time of the cottonseed protein from the .stomach in this 
animal was eleven minutes. 

Experiment IL — Before definitely concluding that the positive result ob- 
tamed in the foregoing experiment was based on ab.sorption of the antigen 
from the stomach, it was necessary to exclude the e.sophagus as a passible site 
of absorption. In this experiment, therefore, the .stomach wa,s “isolated” from 
the esophagus as well as from tiie duodenum. A male monkey, weighing 3.5 kg., 
was used in this study. 

Noveirrber 27, 1937. 9:00 A..\r. A cutaneous site on tiie left thigh of the 
monkey was sensitized to eotton.sced u-ith “P” .serum. 

November 2S, 1937. 9:30 a.m. Narcosis wa.s induced by tiie intravenous 
injection of 2 grains of nembutal. 

9:35 a.m. The abdomen M-a.s opened. Two elamp.s were applied just below 
the cardio-csophageal orifice, and the stomach was completely .sectioned between 
these turn clamps. Just proximal to the pyloroduodenal junction the stomach 
was completely sectioned between two clamps apjilied at this site. All clamps 
were left in situ. 

9:56 .V..M. Fourteen milliliters of cottonseed “milk” were injected by 
syringe directly into the lumen of the .stomach, through a fine needle ])cnctrating 
the gastric wall. The stomach n-as only partially filled by this test meal. 

9:58 A..M. Wheal foimiation started to develop at the sensitized cutaneous 
site, marking the entrance of cottonseed protein into tlie circulation. 

The absorption time of the cottonseed protein from the stomach in this 
animal was two minutes. 

.U3SOKPTIOX OF CO'n'OXSEED PROTEIX FKO.M THE ESOPHAGUS 

Experiment III . — This experiment Avas designed to determine Avhether or 
not absorption can occur from the esophagus in the rhesus monkey. For this 
experiment a male animal, AA'eighing 4.2 kg., Avas u.sed. 

December 3, 1937. 9:00 a.m. A cutaneous site on the right thigh of the 
animal aa'us passively sensitized to cottonseed AAUth “P” serum. 

December 5, 1937. 9:20 a.m. Narcosis Avas induced Avith 2 grains of 

nembutal, injected intravenously, 

9:30 A.M. The upper and the loAver ends of tlio c.sophagas were e.xposed. 
The loAver end Avas sectioned betAveen tAvo clamps placed proximal to tlie cardio- 
esophageal junction. The upper end aa’us similarly sectioned betAveen tAVo clamps 
placed approximately one-half ineh beloAV the phaiyngo-esophageal junction. 
The clamps Avere left in situ. 

9:56 A.M. The clamp at the upper end of the esophagus Avas momentarilj’’ 
released, and 7 ml. of cottonseed “milk” were introduced into the esophagus 
through its exposed upper opening. The clamp Avas then replaced in its original 
position. 
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10 :06 A.M. A positive reaction, started to develop at the sensitized cutaneous 
site, indicating the entrance of the cottonseed protein into the circulation. 

The absorption tivie of the cottonseed protein fi’om the esophagus in this 
animal was ten minutes. 

DISCUSSION 

The experiments were performed on the monkey because these studies ob- 
viously could not he done on man. In previous investigations,^® however, it 
has been repeatedly demonstrated that the phenomenon of absorption of un- 
altered protein in the monkey closely simulates that observed in human beings. 
Moreover, the experimental studies^- on mucous membrane hypersensitiveness 
after passive local sensitization have also shown remarkable similarities in 
both man and the monkey. Under the circumstances, it is reasonable to assume 
that the absorption of unaltered protein, from the “isolated” stomach and 
“isolated” esophagus observed in the monkey could be demonstrated in human 
beings under similar experimental conditions. 

Attention has been called to the findings revealed in a previous study on 
human beings that the average absorption time following oral administration 
of antigen is longer by five or six minutes than the intraduodenal rate.® In the 
light of the present experiments this difference in absorption rate, which might 
be assumed to be the time needed for the protein to pass from the esophagus and 
stomach into the duodenum, is now sub.jeet to another interpretation. The 
possibility must be entertained that under certain circumstances the absorp- 
tion time following oral administration of the antigen may represent the rate 
of absorption of unaltered antigen from the stomach and even from the 
esophagus. At any rate, this route of entry of unaltered antigen into the circu- 
lation cannot be excluded as a possibility when the antigen is taken orally. In 
fact, the experimental evidence now at hand indicates that antigens may be 
absorbed from any part of the alimentary tract, though the rate of absorption 
may vary somewhat in the different organs. 

The amount of antigen necessary to produce the allergic reaction has been 
shown to he infinitesimally small. In man, Brunner and Baron, in unpublished 
experiments, have demonstrated that the intravenous injection of cottonseed 
extract containing 0.0001 mg. of nitrogen is sufficient to induce a reaction at a 
cutaneous site previously sensitized with the serum used in the present experi- 
ments. Using the same serum in experiments on monkeys we, in unpublished 
experiments, have found that the intravenous injection of cottonseed extract 
containing 0.0002 mg. of nitrogen was usually sufficient to elicit a reaction at a 
sensitized cutaneous site. It is obvious, therefore, that only minute amounts of 
protein need be absorbed into the circulation to produce a reaction at a passively 
sensitized site. Prom the point of view of clinical allergy, however, these traces 
of absorbed unaltered protein may be sufficient to produce severe and even fatal 
reactions in sensitive patients. 

CONCLUSION 

The absorption of unaltered protein has been experimentally demonstrated 
to occur from the esophagus and from the fasting stomach in tlie rhesus monkey 
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THE IDENTIFICATION OP BLASTOMYCOIDEg HISTOLYTICA IN 
THEEE INFECTIONS OF THE CENTRAL NERVOUS SYSTEJP 


Rebecca A. Holt, jM.A., Ricii.mond, Va. 


Synonyms; TonCla, histolytica (Stoddard and Cutler, 1916), Cryptococciis hislolytkus 
(Freeman and Weidman, 1923), Torulopsis histolytica (Castell.ani and Jacono, 1933), 
Deharyomyces hominis (Vuillemin-Todd and Herrnmnn, 1936). 


T he presence of Blastomycoides histolytica^ (Stoddard and Cutler, 1916), 
or a closely allied species, has been reported according to ilagruder- as the 
causative agent in 66 cases involving the central nervous sj'stem, of tvhich 
three Avere found at the University of Virginia Hospital. Recently, Gray^ 
added t wo more eases Avhich occurred in South Africa, and Goldberg added an- 
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other one in Ne%y Yorli. I wish to report here the bactenologic and pathologic 
data on three other cases, bringing the total number** of recorded eases in the 
literature to 12, and that in Virginia to six. 

Since the chaos in the nomenclature of the yeastlike organisms causing 
these infections has been deplored by Shawl and others, the synonyms listed 
above are given. Shaw has pointed out also that not as many species exist as 
are now recorded and stressed the importance of recognizing their protean 
manifestations. Further, a review of the literature revealed the fact that seldom 
has there been a complete baeteriologic description of this yeast accompanying 
the histologic and clinical studies on the same ease, although very adequate 
cultural or tissue descriptions on separate cases have been made. 


Case 1.— In this case studied by ns, Blastomycoides histolytica was demonstrated in 
post-mortem sections and eultares, and was confirmed by mouse experiments as suggested 
by Crone and associates/ in order to standardize a routine procedure for diagnostic purposes. 
No ante-mortem baeteriologic work was done, although a routine urinalysis showed the 
presence of yeastlike cells, wkick were not identified. The clinical diagnosis was that of a 
brain tumor. 

Patholo^c Studies:! A post-mortem examination was permitted on the head only. 
No gross pathologic findings suggested torulosis. Alieroscopic examination of the piarachnoid 
tissue showed a marked diSuse celiulat infiltration. These infiltrationg cells were small 
round cells and epithelioid-like ceUs with finely granular eosinophilic cytoplasm, and eccen- 
trically placed, vesicular lobnlated nnclei. There tended to be paravascular granulation 
tissue nodules composed of the above cell types, both in the meninges and about the vessels 
within the brain tissue proper. The epithelioid-like cells formed an inner zone about the 
vessel, while the round cells formed an outer zone. Multinucleated giant cells with eosino- 
philic cytoplasm containing round cleat bodies were found in these nodules. About the 
vessels in the basal ganglia were “cystlike” areas made of numerous round bodies with 
doubly refractile borders and a central ground glass substance when stained with hematoxylin 
and eosin. With Gram’s stain these bodies took a deep blue color and were identified as 
yeastlike cells, probably torula. There was no cellular reaction in these areas. These bodies 
were also found in the subarachnoid tissue where about them was a marked cellular reaction, 
focal areas of diffuse hemorrhage, and phagocytosis of some by the ahove-descrihed mul- 
tinucleated giant cells (Fig. 1.). 

Baeteriologic Studies: A routine culture on blood agar plate of a meningeal swab 
taken at autopsy revealed, after forty-eight hours, a mucoid, colorless growth. Micro- 
scopically, the presence of yeastlike organisms was noted with many budding forms and 
well-defined cell walls. Transplants on Sabouraud’s media and corn meal agar plates 
showed suflacient growth at room temperature within forty-eight hours for preliminary 
studies. The growth on corn meal agar always appeared white. On Sahouraud’s agar early 
growth was cream-colored, later becoming yellow, then brown. A mucoid consistency of 
early colonies was gradually lost. No fermentation of dextrose, lactose, saccharose, maltose, 
mannite, inosite, arabinose, or xylose occurred. Gelatin was not liquefied. No differences 
were seen in cultures grown under reduced oxygen tension from those not submitted to this 
atmosphere. Microscopically, gram-positive, round, and oval budding forma, 4 to 6 microns 
in diameter, with thick cell walls were observed. No ascospores, capsules, or mycelium were 
demonstrated (Fig, 2), 

Animal Ex-periments : SLx mice were injected intraperitoneally with 0.5 c.c. of saline 
suspension of a seventy- two-hour culture on Sabouraud's agar at room temperature. The 
density of the injection suspension was equivalent to standard No. 3 on MacFarland’s 


’Since the acceptance of this paper for publication 
tion of the central nervous system have been reported. 


six additional cases'" of torula infec- 


tPersonal communication from Dr. Fredericlt w. Shaw 

^ -VPPcrly. Department of Patholo.^-. Medical 
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nopheloineter. Seveii Gaya later au uppuroiitly normal iiiouao was Ijilled. yeastlike organisms 
were found in tho viscera, lung, lieart, brain, and cord as proveil by direct smears, cultures, 
and liistologic sections. Gros.sly and inieroscopicalU', no marked eliange.s of the tissues were 
noted. On direct sniear.s ploomorplii.sm of the organi.sm.s ('2 to 12 ft diameter) and capsule 
formations (0.5 to 1.0 ft tiiiekne.s.s) were observed, but no a.seo.spores or mycelium. Blasto- 
niycoides histohjtim was reeovered in the cnltiire.s of the vital organ.s listed above, with 



Fig. 1. — Section of human brain. 


Organisms within giant cell. 
(X2,200). 


Hemato.vylin and eosin stain 


Fig. 2. Smear preparation of forty-eight-hour cnltui'e on SabouraiuVs agar from human 

meninges. Gram's stain (x 2.200). 



similar growth chaiacteristics of the primary cultures. Pour of the remaining inoculated 
mice died wdthin the following three weeks. The gross and microscopic pathology of yeast 
meningitis, with a generalised infection characterized by gelatinous tumors with slight in- 
flammatory reactions, marked endothelial hyperplasia, foreign body giant cells, “eystlike” 
areas, and occasional caseation was seen. Blastomycoides histolytica rvas reeovered again by 
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cultural means. The sixth mouse was kiiicd after four months, although it appeared normal. 
No gross or microscopic pathology was noted, and no organisms were seen on direct smears. 
Blastomycoides histolytica was recovered, however, in cultures of the lung and liver. Neither 
agglutinins nor preqipitins were demonstrated in the sera of rabbits immunized against 
antigens prepared as were those of Benliam,® and Lamb and Lambs (Pigs. 3 and 4). 



Fig. S . — Section of mouse brain showing organisms in meningeal exudate. Hematoxylin and 

eosin stain (X2,200). 



C.iSE 2.— Tiiis case was diagnosed as meningitis due to yeast infection on ilarch 23 
1938. Tlie patient received specific treatment witli iodides and was dismissed. Since then s'iie 
has remained in apparent good health, except for the lilindnes.i wliich developed during the 


Bacteriologic Studies: The first isolation of yeastljjre 
.'ipin.al fluid by cultural means similar to those already eiven, 
run at this time. 


organism.s was made from tlie 
. No animal experiments were 
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Eecently upon readniission of tiiis patient to the ho.-ipital for observation, the presence 
of the same yeast was shown in urine and spinal fluid as proved by mouse inoculations with- 
pathologic studies and cultures to be JilaxtomytoitJcit histolytica. Results of the blood, sputum, 
and stool cultures were negative. No agglutinins or precipitins were denion.strated in the 
patient 's sera. 

Case 3. — Until Bla^tomijcouks iiislolytica was isolated from two specirucos of spinal 
fluid just prior to death, clinically tliis e.ase w.as thought to resemble more closely tuberculous 
meningitis, although no acid-fast bacilli were found on smear preparation.-) or in culture.-:. 
Only ante-mortem baeteriologic studies were made, since an autopsy was not granted. 

Bactoriologic Studios; The ideutifleation of JSlastomijcouhs hi.slohitka in two speci- 
mens of spinal fluids was accomplisliod by the same procedures as previously given. In 
direct microscopic studies no familiar budding forms were seen, although ill-defmeJ 
lymphocyte-like cells with thick refraetilo w.alls were noted in moist preparations and smears 
stained by Gram 's method. The demonstration of acid-fast bacilli was accomplished neither 
by microscopic o.xaniinutions nor by cultures on Miraglia's and Petraguani's media. Growth 
of Blastomycoides histolytica was inhibited on Petragnani ’s media containing malachite 
green, although it w.aa profuse on Miraglia’s at .37° C. Fungous and acid-fast cultures on 
the urine collected just before death proved negative. 

SUMMARY 

The inerca.sing number of reports of yctist infections of tlic central nervous 
system, especially in Virginia, letid us to belie%’e the eontlition not to be an uncom- 
mon one. Since uncertain clinical diagnoses have been .so frequently and general- 
ly made upon these cases, cmpliasis .should be placed upon baeteriologic studies 
prior to death and after it. Jltiny, but not all, stages in tlie development of 
Blastomycoides histolytica, as pointed out by Todd and Herrmann,” were seen. 
"We feel, as do Longmire and Goodwin,'* that the eliaraeter of tlie lesions pro- 
duced by this 3'east is tlie result of an interrelation of faetoi's, such as the viru- 
lence of the strain of organisms, the resistance of the host, and the hyper- 
sensitivity of the host. Further studies in cytology and on certain immunologic 
properties of this organism have been undertaken. 
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CLINICAL CHEMISTRY 


CHEMICAL STUDIES IN DELIBIBM TKEMENS* 


Clarekge Gohx, M.D., Phil.vdelphia, Pa, 


T reatment of delirium tremens^* - has consisted mainly of procedures 
intended to dehydrate the patient. The post-mortem finding of cerebral 
edema in a large percentage of eases provided the basis for this type of therapy. 
This regimen has persisted in spite of the fact that many patients are obviously 
elinically dehydrated. 

Attention was called to the unphysiologic nature of dehj^dration therapy 
in delirium tremens bj’’ Bowman and his couvorkers,* who showed that de- 
hydrated excited alcoholic persons were benefited by oral or parenteral admin- 
istration of hypertonic sodium chloride. In a later article, Bouonan, Wortis, 
and Keiser advocated the use of large amounts of fluids, in addition to carbo- 
hydrates and sodium chloride, in an effort to readjust metabolism and blood 
chemistry. On the basis of unpublished data, they stated that the blood chloride 
and sodiiun were lowered and lactic acid was increased. The present study was 
undertaken in an effort to evaluate the physiologic and chemical basis for 
their recommendations. 


JtATEKLAL AXm IIETHODS 

The criteria for the diagnosis of deliz’ium tremens were: (1) Histoiy of 
alcoholism. (2) Visual and auditory hallucinations. (3) Delirium. (4) Ex- 
citement. (5) Disorientation. (6) Tremors of the hands and tongue. Patients 
admitted to the hospital unth these findings were studied immediately on ad- 
mission and after recovery, the latter study sezwing as control. Treatment 
varied but in general consisted of sodium chloride, fluids, thiamine, and nicotinic 
acid administered orally or parenterally. All patients in this series were males. 

Blood sugar was determined by the method of Polin-Tfu®; urea nitrogen 
by Karr’s method®; serum proteins colorimetrically by means of the biuret 
reaction method of Kingsley’ ; and hemoglobin by zneans of the photoelectric 
pliotometer, according to Sheard, Sanford, and Osterbei’g.* Serum chloride avas 
measru-ed by the method of Van Slyke, as modified by “Wilson and Ball,® 
total base by the electrodialysis method of Keys,’® and carbon dioxide com- 
bining power by the method of Van Slyke.” Spinal fluid proteins were 
measured by Looney and Walsh’s turbidimetric method.’® Available fluid was 
determined by the method of Crandall and Andei’son” utilizing sodium thio- 
cyanate. Hematocrit values were obtained by use of the method described by 
Peters and Van Slyke.” 

Biod-eniisto'. The Laboratories. Phlla- 

Ucciiivea for publication. September 27. 1!M0. 
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Table I 

Detailed Ciiemistky oe' Patients Studied 

below refer to values ou adiuissioii and after recovery, respectively. 
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RESULTS 

On admission seraiu chloride and carbon dioxide combining- power wore 
below iionual in ncarlj'^ all patients. Total base and availalile iluid deteiinina- 
tions showed low or low normal values predominantly. Hemoglobin and serum 
protein concentrations, together with liematocrit values, were increased. The 
spinal fluid also showed changes. Chlorides were decreased and protein was in- 
creased. On recovery the concentrations of the substances studied I'eturned to 
normal, with the occasional e.xception of the serum chloride. In four cases the 
recovery values for chloride were slightly below normal. The blood sugar 
and urea nitrogen showed no significant change. 

All patients save one recovered; patient S died within twenty-four liours 
after adnii.ssion as a result of lobar pneumonia. The pneumonia may have con- 
tributed to the factors causing the low serum chloride. 

Table II 

Mean Values and TuEia Standard Errors op the Blood Co.v.stituents 

In computing the value for protein, the values for patient 7 were omitted. refers to 

admission values; “R’’ to values after recovery. 
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0,2 

+0.3 
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+1.3 

HgQI 

152 

±2.1 

163 

+2.4 
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DISCUSSION 

The ten patients on whom available fluid .studies were performed on admis- 
sion showed clinical evidence of dehydration. The available fluid values were at 
or below the accepted lower limits. In six of the ten, available fluid values 
were less than normal, and in the remainder low normal. After recovery 
the values were all within normal limits. Comparison of the mean values on 
admission and after recovery by the method described by Student using Fish- 
er's'^ table of t showed a significant difference. Crandall and Anderson,'® and 
Gregerson and Stewart, “ designate as available fluid, rather than extracellular 
fluid, the body water determined by the thiocyanate method. Normal values 
for available fluid are said to lie within the range of 22 to 29 per cent of the 
body weight, or between 8.7 and 9.2 liters per square meter of body surface 
area. Crandall and Anderson claim that the estimate of available fluid based 
on surface area is more accurate and less subject to variation than that based on 
body weight. This method was used. 

Hemoconcentration existed in most, if not all, of the patients on admission. 
Hemoglobin, protein, and hematocrit values were Jiigh on admission when com- 
pared with the results of similar studies after recovery. Statistical analysis of 
the mean values on admission and after recovery showed the differences to be 
significant. 

Total base and chloride determinations revealed hypoehloremia and some 
evidence of base deficiency on admission. In only two of the fifteen patients 
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Studied did chloride fall within normal limits. Thc.se two .showed figures at the 
lower limits of normal of 98.0 niet}. per liter. In four patients values between 
96.0 and 98.0 meq. per liter were observed. All other-s showed chloride values 
below 94.0 meq. per liter. Comparison of the mean values of chloride on ad- 
mission and after recovery indicated the differences to he highly significant. 
Total base on admission showed a marked departure from normal in only two 
patients. Recovery was accompanied bj" an increase in total base in two of the 
three patients for whom figures arc available both before and after treatment. 
Gojeher and his co-workers"* noted an increase in serum i)ota.ssiuiu during 
clu-onic alcoholism. In combination with a lowered total base this finding would 
indicate that the serum sodium may be reduced more than the total b;sse deter- 
mination shows. 

Himwich and co-workers,*' and Nicholson and Taylor,’^ found an increase 
in blood lactic acid and a fall in carbon dioxide combining i)ower and in blood 
pH in acute and chronic alcoholism. The fall in carbon dioxide combining power 
was confirmed in the present stud}*. It is suggested that a contributory factor 
in the production of the acidosis in some patients is a deficiency in total base. 
However, the decrease in total base was less than the decrease in chloride and 
carbon dioxide combining power, with a resultant rise in undetermined anion. 
An increase in lactic acid or ketonic acids would provide a plausible explanation. 
Blood lactic acid, pyruvate, and acetoacetic acid determinations were performed 
in patient 13. Values only slightly above normal were found. The results, 
together with cliloride, bicarbonate, and protein, left an apparent anion deficit 
of about 10 meq., suggesting the presence of other organic anions. 

Examination of the spinal fiuid revealed evidence of altered composition. 
Disregarding the eases with high blood sugars, about one-half of the remainder 
showed spinal fluid sugar above normal. A large proportion of the spinal fluid 
protein values were also above normal. The latter finding suggests either injury 
to the central nervous system or increased capillary iiermeability. Low spinal 
fluid chloride values can be explained by diminution in serum chloride. How- 
ever, in two cases, in spite of a deficiency in serum chloride, spinal fluid chloride 
was maintained at normal concentration. 


SUjniAKY 


1. Fifteen patients with delirium tremens were studied chemically on 
admission and after recovery. 

2. Initially hemocoueentration, hypochloremia, lowered alkaline reserve, 
and some evidence of a decrease in total base were found. The volume of fluid 
available for solution of thiocyanate was decreased. Clinical and chemical evi- 
dence indicated the presence of dehydration. 

3. Recovery was accompanied by a restoration of body fluids and electro- 
lytes to noi’mal composition. 

4. Deliiium tremens should be treated by methods which promote the 
restoration of fiuid and salt. 

5. Changes in the cerebrospinal fluid suggested the occurrence of injury 
to the central nervous system in certain patients. 


. I wish to express my appreciation to Dr, 
permission to study their patients, and to Dr, . 


J. mouffer and tlie Psyciiiatrlc Staff for- 
Lr. Beinliold for suggestions and criticism. 
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TUB EFFECT OF THE INTRAVENOUS ADillNISTRATION OF 
PHOSPHATE SOLUTION IN NORilAL RABBITS 


Irving Grkknriku), jM.D., Brooklyn, N. Y. 


S HELLING' empiiiisized the iiuportanee of phosphates iii the saccessftil treat- 
ment of animals exposed to the lead hazard and advocated its clinical use. 
Gray and Greenfield,- and later Gant,® used the high phasphorus diets clinically 
in the treatment of patients with industrial iilumbism. It was shown experi- 
mentally'' ® that a high phosphate diet fed to rats during exposure, as well as 
during deleading, caused a sharp reduction in the amount of lead in the cir- 
culating blood. Kowaloff® employed a high ])ho.sphorus regime in the treatment 
of a child with lead encephalopathj' and .showed a marked reduction in the 
circulating blood lead. In all the cited animal experiments the phosphate wa.s 
administered orally. The oral administration of any form of therapy in patients 
with lead encephalopathy may not be practical because of vomiting. Calcium 
administered to these patients may aggravate the picture since it eause.s an in- 
crease in the circulating blood lead. Under tlicse eircum.stance.s’, the intravenous 
administration of a phosphate solution may be a life-saving procedure. Gant’ 
employed the alkaline dibasic sodium phosphate solution intravenously in the 
treatment of plumbism without untoward effects. SobeT and his co-workers have 
prepared a phosphate solution and used it cx])crimcntally in rabbits. They 
demonstrated that the intravenous administration of their phosphate solution 
produced a sharp reduction in the blood lead in many experimental animals, 
in some instances, within one hour after the injection. 

The purpose of the following experiments was to observe the behavior of 
normal animals following the intravenous administration of the phosphate 
solution prepared by Sobel and his associates. .iVnalyses of the blood and urme 
were made before and after the injection of the phosphate solution in order 
to observe the curves of the caleimn and phosphorus levels in the blood and in the 
urine. 

The solution used consisted of one part of sodium biphosphate and four 
parts of sodium phosphate dissolved in 45 parts of distilled water. This made 
a 10 per cent solution. It was filtered, sterilized, and set up in 10 e.e. ampoules. 
The pH of the mixture was approximately 7.4 so that no disturbance of the 
acid-base balance was to be expected following its intravenous administration. 

Young chinchilla male rabbits weighing between 2 and 6 pounds were used 
in these experiments. The animals were anchored on an animal board and 
catheterized with a No. 6 French ureteral catheter'. The marginal veins of 
both ears were then prepared with alcohol and xylol. After a control specimen 
of blood was taken from one ear, the phosphate solution was injected into the 
marginal vein of the opposite ear. The catheter was left in situ, and the urinary 
drainag e was collected in individual containers at hourly intervals so that each 

•From the Department of Medicine, the Jewish Hospital of Brooklyn, Brooklyn 
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specimen represented the kidney output for one liour. Samples of blood were 
obtained from the marginal ear veins at one-hour intervals. Calcium and phos- 
phorus determinations of each of the urine and blood specimens weie then made. 
The animals were kept under observation for four hours. During the experiment 
the rabbits were fed water by pipette. Pood was withheld until after the com- 
pletion of the experiment. 

Experiment 4. — Weight of rabbit 2.95 leg. 

The control specimens of urine and of blood were obtained. Five cubic centimeters of 
the phosphate solution were injected slowly. No abnormal behavior was noted. The specimen 
of urine obtained at the end of the first hour began to show traces of macroscopic blood. 
Samples of both urine and venous blood were collected at one-liour intervals for four hours 
following the completion of the injection. 


T.VBLE I 


SERUJI 1 

URIXE 


CAI-CIUAt 

PHOSPHORUS 

, VOL. 

CALCIU.Af 

PHOSPHORUS 


[ (JIG./IOO C.C.) 

{.VG./lOO C.C.) 

(C.C.) 

(AfG./lOO C.C.) 

(jfO./lOO C.C.) 

Control 


4.8 



20.2 

1st hour 


6.8 ! 



98.5 

2nd liour 




20.8 

48.5 

3rd hour 



9 

94.8 

33.6 

4th hour 

1 12.6 


6 

149.2 

49.7 


Six experiments in all were performed. Table I represents the typical 
responses noted. In order to determine whether the blood, which appeared fol- 
lowing each injection of phosphate solution, was the result of a sudden precipita- 
tion of calcium phosphate crystals, two additional experiments were performed. 
In the first, the catheter was passed into the bladder and left in situ for four 
hours. No injection was given this animal. Blood appeared in the specimen 
obtained during the second hour. The catheter was then withdra^vn sufficiently 
to remove the redundant portion of the catheter which, it Avas felt, was irritating 
the wall of the bladder. Hoivever, enough Avas left in the bladder to insure a 
free floAv of urine. The subsequent specimens of urine Avere clear. In the 
second control rabbit the catheter Avas passed into the bladder, and after the 
sphincter reflex was exhausted and the catheter slipped into the bladder, it aa'cs 
A vithdraAvn so that only enough remained in the bladder to insure a free floAV of 
urine. None of the specimens obtained over the period of four hours contained 
blood. It Avas, therefore, felt that the blood noted in the specimens obtained in 
the previous experiments resulted from the irritation to the bladder Avail caused 
by the catheter. 

DISCUSSION 

All the animals used survived the experiment and AA^ere alive for at least six 
raontlis thereafter. The administration of the phosphate solution to the rabbits 
caused a sharp rise in the concentration of the serum phosphate as Avell as in the 
urine phosphate, and a decrease in the concentration of the serum calcium as 
Avell as in the urine calcium. During the second hour there Avas a secondary 
rise in the serum and urine calcium levels. The serum and urine calcium values 
did not return to the control levels within the period during which the animals 
were kept under observation. It Avas also noted that the serum and urine 
phosphate levels showed a secondary decrease, usually beginning Avithin the 
second hour.' Again the recovery fell short of the control level Avithin the 
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period during whicli the rabbits were Itejit under observation. At no time did 
the observed calcium reach the level which is associated witli low calcium 
tetany. Convulsive seizures u'ero noted in two rabbit.s and line tremoi's in one. 
These untoward results maj'^ iiave followed the formation of colloidal calcium 
phosphate, as demonstrated by lileLcan and Ilindrichs® in their experimental 
animals. 

Gojato" demonsti'ated that the toxicity of disodium phosphate was three 
times as great as the toxicity of mono.sodium pho.sphate. The pH of the phos- 
phate solution used in tlie above experiments was 7.4 and closely approximated 
the pH of the blood. It appears from the experiments that a relatively large 
amount of this particular phosphate solution (0.463 Gm. per kilogram of body 
weight) may be administered intravenously. This phosphate mixture does not 
disturb the aeid-baso balance as does the disodinm phosphate solution when 
administered intravenously, and, therefore, may be u.sed witii greater safety. 
There are many reports of the intravenous use of jihosphate solution in the 
experimental literature. None liave been found in Avliicli the phosphate solution 
was employed as a therapeutic procedure in plumbism. A report of these pre- 
liminary experiments was, therefore, considered indicated. 


SUMMARY 

1. A 10 per cent sodium phosphate solution at tlie pH of plasma ■was ad- 
ministered intravenously to rabbits. 

2. The scrum calcium level dropped and the serum phosphorus level rose 
following the intravenous administration of the phosphate solution. 

3. The concentration of the urine calcium dropped and the urine phos- 
phorus increased following the intravenous administration of the phosphate 
solution. 

4. Convulsions were noted in two animals and tremors in one animal used 
in this experiment. 

5. All rabbits were alive six montlis following the experiment and appeared 
to be normal. 

I wish to Hiank X>r. S. M. Gordon, of The Enilo Products Company, tor his coojjer.itlon 
in preparing tliis solution suitable for Intravenous use, and A. E. Sobcl. of tlio Pediatric 
Research Laboratorj' of the Brooklyn Jewisli Hospital, tor ills cooperation and many valuable 
suggestions. 
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LABORATORY METHODS 


QENERAL 


A NOTE ON THE PROBABILITY OP ERROR IN THE DIAGNOSIS OF 
RABIES BY MICROSCOPIC SEARCH FOR NEGRI BODIES* 


S. R. Damon, Ph.D., 31ontgomeky, Ala., and 
T. F. Sellers, M.D., Atlanta, Ga. 


J INTRODUCTION 

T he mieroscopie diagnosis of rabies is accomplished by different workers in 
various ways; some prefer to look for Negri bodies in paraffin sections, 
some choose to make impressions, and others make smear preparations. Of the 
variety of methods the mieroscopie examination of smears or impressions made 
from Ammon’s horn probably holds pride of place by virtue of its simplicity 
and the rapidity with which it can be performed. In any case, however, it is 
probable that a certain number of errors in diagnosis occur due to failui'e to 
demonstrate the characteristic intracytoplasmic inclusion bodies in the nerve 
cells. 

Negri-Luzzani^ reported the results of a study of 4,961 brain specimens by 
microscopic examination cheeked by animal inoculation; a total of 3,058 were 
positive by microscopic examination, but 6,7 per cent of the microscopically 
negative specimens were also found positive on animal inoculation. Koch and 
Jahn- reported a similar study of specimens received at the Robert Koeh Insti- 
tute during the period 1913 to 1928. Of a total of 8,366 specimens examined, 
4,682 were positive, and of those negative microscopically, 11.8 per cent were 
positive when inoculated into animals. Leach^ has also reported that of 1,032 
brain specimens examined, 12 per cent of those reported microscopically nega- 
tive wei-e positive on mouse inoculation. Commenting on the probability of 
such errors in diagnosis, Leach says, “the percentage of error will probably vary 
also with the prevalence of the disease in the geographic areas from which the 
material for diagnosis is obtained. In regions of high endemicity one might 
expect a high percentage of Negri negative specimens proving positive on animal 
inoculation.” 

When it is necessary to establish beyond question the diagnosis of rabies 
animal inoculation is imperative. Until recently the guinea pig and rabbit 
have been considered the animals of choice for this purpose, but since the demon- 
stration by Hoyt and JungebluU that the intracerebral injection of rabies 

•From the Alabama State Department of Public Health Montcomprv 
■Georgia State Department of Pubiic Health, Atlanta, Ga. ' ° Bomerj, Ala., and the 

Becelved for publication. January 17, 1941. 
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virus into v'iiite mice produced typical and constant infection, the wliite mouse 
has become increasingly popular as a test animal. 

The only comparative stud}' of the guinea pig and mou.se inoculation 
methods we have found in the literature is tliat of Willett and Suikin.'' These 
workers reported that of 25 specimens inoculated in parallel into mice and 
guinea pigs all were positive in the mice, while four were negative in the pigs. 
Perhaps this is too small a group to be statistically significant, but it does 
indicate that occasional positive spccimcjis will be mhsed by guinea pig inocula- 
tion. 

EXPEBI.MEXTAL 

With a view of testing particularly the accuracy of the foregoing statements 
as to eiTors in micro.scopie e.xamination.s, and of deterniining the actual per- 
centage of error occurring in the routine diagno.stie work in our lai)oratorie.s, 
the results detailed hero are reported. Tiie sources of (he material studied 
were the diagnostic laboratories of the State Department of Health of Alabama 
during the years 1937 to 1939, inclusive, and of tlie Georgia Department of 
Health during 1937. 

In the routine procedure tlie animal lieads ivei'c vceeived in the laboratories, 
the brains were removed, and smears were made and e.xamincd in the usual 
fasliion. Sellers” stain was used to demonstrate the Negri bodies in both labora- 
toi’ies. After the smeai-s had been prepared for direct microscopic examination, 
the remainder of the Ammon’s horn was placed in pure glycerin and .sent to the 
Rabies Laboratory for animal inoculation. Hero white mice were injected iutva- 
cevebrally with 0.03 c.e. of a 1 :10 aqueous suspension of tlie hippocampus after 
trituration with aliindiim and centrifugation to tliroAV down coarse particles. 
Table I gives an analysis of the findings on 1,320 specimens from Alabama, and 
on Ihi specimens from Georgia. 


Table I 


XCiCBEE OF SPECIXtEXS AND RESULTS OF MiaiOSCOPIC E.V-VMIN.VTION AND AIOUSE INOCUUVTION 

IN Al.vba.m:a riioii 1937 to 1939 and in Geoiuji.i Duiunc 1037 
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Table I also gives the total number of specimens examined miei'oscop- 
ically and subsequently inoculated into mice, together ivith a complete break- 
down of the findings by both methods of diagnosis. Examination of the table 
brings out two particularly significant points: first, that in both .tUabama and 
Georgia a significant number of specimens are reported as microscopically nega- 
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tive, which are actually found positive when inoculatediuto mice; second, ttiat 
the number of specimens reported positive on the basis of microscopic examina- 
tion, which are found to be actually negative wlien injected into mice, is insig- 
nificant. 

Table II shows the number and per cent of specimens reported micro- 
scopically negative, but found positive on mouse inoculation, together with the 
number and per cent of specimens reported mici’oscopically positive but found 
mouse negative in the Alabama laboratoi’ies from 1937 to 1939, inclusive, and in 
the Georgia laboratories during 1937. 

Table II 


Nuiibee and Pe r Cent of Specimens Microscopt oally NkOiVtive Found Mouse Positive and 
THE~ l;rtr srBERA!ND Per Gent of Specimens Microsotpically Positive Pound Mouse 
Negaiiee in Alabama From 1937 to 1939 and in Geokoia During 1937 
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From the figures given in Table II it will be noted that addition of the 
total microscopically negative specimens and microscopically positive specimens 
for each year gives a sum total somewhat different from the total number ex- 
amined for that yeai’, as given in Table I. The reason for this apparent discrep- 
ancy is that in Alabama in 1937, for example, there were actually only 404 
specimens diagnosed .as microscopically negative which when inoculated into 
mice gave a definite positive or negative result. In other words, the 7 specimens 
shown in Table I in which either the microscopic or mouse result was not clear- 
cut, i.e., was doubtful, have been eliminated. 

DISCUSSION 

It is probable that no single method of microscopic brain examination 
would yield 100 per cent correct results in the diagnosis of rabies. From the 
findings presented here it appears that in the laboratories of the Alabama State 
Department of Health, over a three-year period, slightly over 12 per cent of the 
specimens reported as negative, on the basis of microscopic examination of 
stained smears prepared from Ammon’s horn, were in fact positive. Durin" 
1937 the microscopically negative mouse positive specimens constituted 12.6 
per cent of the total diagnosed microscopically negative in Alabama, and 12.2 
per cent of the total for the same year in Georgia. 

It also appears that errors occur, but to a lesser extent, in the opposite 
direction. In Alabama, over the three-year period, just about 4 per cent of the 
specimens diagnosed as microscopically positive were negative when injected 
into mice. I n 1937 ^ n Alabama the number of microscopically positive speci- 
mens found negative on inoculation was 4.1 per cent of the total reported micro- 
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scopically positive, while in Georgia it was 2.5 per cent. However, these figure.s 
lose their apparent significance Avhen the total number of specimens e.xamined 
is considered. 

An attempt at e.\'planation of the above contradictions suggests speculation 
in several different directions; (1) the certainty with which Negri bodies are 
recognized by the e.vaminers; (2) the failure to examine smear preparations 
carefully enough or to make them from the portion of the brain in which Negri 
bodies were present in sufficient numbers to be detected; (3) the presence in 
the dog population of strains of the virus whieli fail to elicit Negri bod}’' foma- 
tion in the dog though capable of giving rise to the disease in mice; (4) the 
prevalence of distemper or other disease in the dog population whicli might give 
rise to inclusion bodies that could be mistaken for Negri bodies; JJj) the failure 
to inject enough virus into tlie mice to cause rabies though Negri bodies were 
demonstrable in the original smears; the viability of the virus when injected 
into mice due to its age or other factors. 


CONCLUSIO.NS 

1. In an area of high endemicity of rabies errors have been shown to occur 
in both directions in the microscopic diagnosis of the disease. 

2. In Alabama it has been shown that over a three-year period an average 
of 12.4 per cent of the specimens reported as microscopically negative were 
actually positive, as showm by mouse inoculation. 

3. In Alabama in 1937 the percentage of specimens microscopically nega- 
tive and found positive on mouse injection was 12.6, while in Georgia the per- 
centage was 12.2 for the same year. 

4. In Alabama in 1937 the percentage of microscopicall}- positive specimens 
found negative on mouse injection was 4.1, while in Georgia it was 2^ 

5. It is not possible to attribute definitely the discrepancies noted above to 
any one cause. 
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A METHOD FOR PREVENTING BLOOD CLOTTING IN CIRCULATION 

STUDIES* 


R. H. K. Poster, Ph.D., M.D., Nutley, N. J. 


S INCE the introduction of methods for measuring blood pressure in acute 
experiments on laboratory animals, the prevention of coagulation has been 
an annoying problem. Various methods have been proposed to prevent coagula- 
tion, and several anticoagulants have been used, some of which, when introduced 
into the circulation, are apt to produce toxic manifestations and alter the ex- 
perimental results. MacCraeken and Werness^ proposed a method in which a 
portion of the carotid artery was isolated and sectioned, and the proximal end 
was passed through and everted over the end of a short glass tube and tied in ■ 
place. It was then placed in a small glass chamber filled with sodium sulfate 
solution. A side arm of this chamber was connected to a mercury manometer. 
This device avoided the use of a cannula but was somewhat troublesome to set 
up, and the authors admitted that clots occasionally formed. 

Trendelenburg^ proposed a method in which the anticoagulant solution 
(one-sixth molar sodium bicarbonate) was introduced into the .cannula in a 
slow stream. The rate of flow was regulated by dropping mercury into a closed 
vessel containing the anticoagulant solution and connected to the cannula. This 
method, while satisfactory in some respects, is open to the objection that, the 
anticoagulant solution is continuously introduced directly into the animal. 

In using a mercury manometer marked changes in blood pressure result 
either in a sudden flow of the anticoagulant solution into the animal or in a 
complete filling of the cannula with unprotected blood. In the former case the 
anticoagulant may affect the experimental results, and in the latter case a clot 
may form in the cannula. Even the pressure changes occurring with the heart- 
beat continually wash a considerable amount of blood in and out of the cannula, 
rapidly dissipating the anticoagulant. The use of a membrane manometert 
greatly reduces the volume of this ebb and flow. 

In an attempt to improve the technique of preventing clotting, a new type 
of arterial cannula, to be used in conjunction with heparin or other anticoagu- 
lants, has been devised. The cannula (Pig. 1), essentially an ordinary three- 
way wash-out cannula, has a fourth short outlet with a slightly flared rim and 
is placed at right angles to the other three outlets. A rubber serum vial stopperj: 
(A) is inserted into the fourth outlet tube, and the thin upper sleeve is inverted 
over the flared rim of the tube. This securely anchors the stopper. The tip of 
the can nula is introduced into the artery in the usual manner and is filled with 

Nutley.^''°"' Department, Pharmacology r.aboratory. Hoffmann-La Roche. Inc., 
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normal saline under enough force to wash out all air bubbles tlirough the 
side az’m. The side wash-out arm is closed and the connection to the manometer 
is made. Pressure in the .system is raised to about 150 nun. of mercury. The 
artery clamp is removed and 0.6 jng. of iiepavin* in 0.15 ml. of .solution is 
introduced immediately through the rubber eaj) by means of a liypodermic needle 
( 1/2 inch, No, 25). In blood pre.ssurc .studie.s on cats this do.se of heparin i.s 
usually repeated one to throe times during an e.xperimcnt. Aitiiough the solu- 
tion in the cannula gradually becomes diluted, even with the membrane manom- 
eter, the dilution oeeur.s much more slowly than with a mercury manometer. 

A 





Any other anticoagulant can be used, of course, but heparin is preferable, since 
it is the only phj-siologieally normal anticoagulant known and available. Com- 
plete heparinization of an animal I'cquii’es considerably more heparin than three 
or four of the above doses. Aecoz’ding to Keinert and Winterstein,® the clotting 
time of I'abbit s blood is longer than one hour, three hours after the intravenous 
injection of 3,000 a.e.u. per kilogram, or two hours after tlic injection of 1,500 
a.c.u, per kilogram. Prozn this it is estimated that a S kg. animal nmuld 
require fifteen to thirty times as much heparin for general heparinization lasting 
three h ours as for local use b}' introduction dij'ectly into the arterial eaninda. 


_ yf’a.s employed in tlie form of Liouncnil 

coa^lant units, ’ or 4 mg', per milliUter. 


‘Roche' contaiaing: 2,000 Roche "anti- 
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A venous eaiiuula* (Fig. 2) ivas designed to facilitate intravenous admin- 
istrations, particularly when a great many injections have to be made during 
the course of an experiment. The side arm of the cannula is connected to a 
reservoir of physiologic saline (a 50 e.c. burette is most convenient). The 
rubber vial cap! (B) is slipped over the end of the tube. Injections are made, 
using a sjTinge and No. 22 needle, preferably' long enough to reach just to the 
constricted tip of the cannula. The solution is injected and immediately washed 
in with 1 or 2 c.c. of saline. The rubber cap B used with the venous cannula 
is not satisfactory for the arterial cannula because of the much higher arterial 
tension, but under venous pressure the cap may be punctured many' times with- 
out the occurrence of leakage. 

SUilMAKY 

The prevention of clotting during a blood pressure expei’iment requires a 
suitable anticoagulant, preferably^ heparin; a membrane manometer to reduce 
the volume of the ebb and flow of the blood; and a special arterial cannula herein 
described for introducing small volumes of the anticoagulant solution. 

referexces 

1. AlacCracken, W. H., and Werness, L: A Device for Overcoming Clotting During Direct 

Blood Pressure Experiments, J. Pharmacol. 9: 305, 1017. 

2. Trendelenhurg, P.: Alethod for Preventing Coagulation During the Recording of Blood 

Pressure, Pfliiger’s Arch. f. d. ges. Physiol. 203: 113, 1921. 

3. Eeinert, AI., and Winterstein, A, : Contribution to the Study of Heparin, Arch, internat. de 

phannacodyn. et de tberap. 62: 17, 1939. 

*The arterial and venous cannulas were made by the Scientilic Glass Apparatus Co., 
Bloomfleld, N. J. 

fSize Xo. Ic gum rubber vial cap also made by the West Company. 


THE LAUGHLEN TEST FOR SYPHILIS® 


WlLLIAil B. DuBLIX, iI.D., AXD SLirtix Eltrich, M.T. 
Port STEiLACooir, IYash. 


]MlBIEEOUS reports have been made on the degree of reliability of the 
^ Laughlen test. Some have been favorable ; otliei-s have been advei-se. 

We wish to report the results of 1,008 consecutive tests on iuactivated serum 
made at the Western State Hospital in comparison with the Kolmer-Wasserniann 
and Ralin tests. 

Of the 1,008 specimens, 112 gave reactions of some degree with one or more 
of the three tests. Most of these patients had syiiliilis of the central nervous 
system. Results of 336 tests in these 112 cases were classified as “satisfactory '' 
“questionable,” or “unsatisfactory.” In the “satisfactoiy” group all three 
tests gave positive reactions. UsuaUy, approximately the same strength of reac- 
tion occurred vflth the three tests; however, in many instances a moderate varia- 
tion oc curred. In the “questionable” group a weak reaction occurred with one 


•From the Division or Pathology, Western State Hospital, Fort Steiiacoom 
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test in tiie absence of reaction witli tlie other two tests, or there was no reaction 
with one test in tiie presence of weak reactions witii tlio otlier two tests. In the 
“unsatisfactory” g'rouiJ a strongly positive reaction occurred with one test in 
the absence of a reaction with the other two tests, or vice versa. It is our 
piu'pose not to judge whether, in such instance.s, tiie minority or tlic majority 
was correct, but simplj’’ to compare tiie tests witii caeii otlier. 

The Kolmer test gave 98 “satisfactory,” S “questionable,” and 6 “unsatis- 
factory” results. The Kahn test gave 102 “satisfactory, ” 8 “questionable,” 
and 2 “unsatisfactory” reactions; the Lauglilen test gave 106 “satisfactory,” 
3 “questionable,” and 3 “unsatisfactory” results. In two cases in which 
the Kolmer test was strongly positive in tiie absence of a reaction to the other 
two tests, the patients were known to have syphilis ; treatment iiad been insti- 
tuted. Some of the “nn.satisfactory” Kolmer reactions may have been correct, 
although in the minority. 

Judged on the afore-mentioned basis, the Kolmer test sliowed 99 per cent 
sensitivity and 91 per cent specificity; the Kalin test siiowed 98 per cent sensi- 
tivity and 93 per cent specificity; the Lauglilen test showed 95.5 per cent sensi- 
tivity and 99 per cent specificity. “Questionable” reactions were included in 
computing sensitivitj" and specificity. 

The greater sensitivity of the Kahn test indicates its greater reliability than 
the Laughlen test as an emergency test for blood donors. If one uses inactivated 
serum, the Kahn test requires little more time than tiie Lauglilen test. 

The Laughlen test appears to be worthy of use with the Kolmer- Wasser- 
mann and Kahn tests in providing, without burdening the laboratory unduly, 
a routine three-test repertoire. 
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A PRESSUEE SEITZ FILTER FOR LABORATORY USE* 


Edwin E. Hays, M.S., Chicago, III. 


T here appears to be a need for a small laborator 5 ' sterilizing filter capable 
of handling small volnmes of solutions to render them sterile for injection 
purposes. The usual laboratory filter is dependent upon suction to draw the 
solution through it and is, therefore, limited in its use for volatile and viscous 
solutions. In addition, the suction type actually requires some manipulation 
to seal the solution into a contamination- and evaporation-proof container un- 
der sterile conditions. !Manj' existing filters have a tendencj'' to retain com- 
paratively large amounts of solution and, for this reason, it becomes imprac- 
tical to use such a filter with small volumes. The device described here is de- 
signed to eliminate these difficulties and to make it possible to place the ster- 
ilized solution directly into a sterile mal which automatically seals itself against 
contaminants and evaporation. 

Pressure is used to force the solution to be sterilized through a Seitz paper 
mat. The solution is forced directly into a sterile,"rubber-closed vial, thereby 
eliminating aU possibilities of contamination. 

The apparatus is made of chromium plated brass and is constructed to with- 
stand a pressure of approximately 150 pounds per square inch. Pig. 1 shows 
the constructional details. A standard Seitz mat is cut to the desired size and 
placed over the removable perforated disk C. The lower end of the apparatus is 
tapered to fit a standard hypodermic needle. The two main parts are knurled 
at A and B to facilitate the tightening of the Seitz mat. The top plug D is 
fitted with a lead gasket to prevent leakage. 

METHOD 

The apparatus is assembled, placed in a metal container, and autoclaved 
for fifteen minutes at 15 pounds’ pressure. A vial of an appropriate size to 
receive the sample and with two hypodermic needles, plugged with cotton and 
penetrating its rubber cap (see Fig. 2), is autoclaved at the same time. After 
cooling, one of the cotton plugs is removed, and after flaming the needle, it is 
attached to the apparatus, and the device is fastened into a support. Since no 
bacteria can enter the vial, the apparatus may be kept in this condition as Ion" 
as desired. 

Pressure tubing is attached to the air inlet. A high pressure tank of nitro- 
gen or an ordinary compressed air jet may be used to supply the required 
pressure. 

•From the Department ot Biocliemistry. the University ot Chicago. 
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The sample (1.5 to 10 e.e.) is placed into the apparatus by removing cap D. 
The cap is tiglitened by means of a rod inserted through its top. Prcs.sure is 
applied slowly at first, and finally to a point just sufiieicnt to force tiie liquid 
into the vial. When tlie desired sample is obtained, the pre.ssure is released and 
the needles are removed from tlie vial. 



The apparatus was tested using a culture of Bacterium prodigiosum in 
nutrient broth. The culture was passed through the filter, and the filter and 
part of the original culture were plated out. Similar tests were performed using 
tissue extracts and blood seimm. All tests have shown the complete absence of 
bacteria in solutions passed through the filter. 

The apparatus may be secured fx'om the machine shop, of the Department 
of Biochemistry, the University of Chicago. 




HESTER’S TEST IN RHEUMATOID ARTHRITIS AND SPONDYLITIS 

RHIZOMELIQUE* 


M. E. Green, M.D., and R. H. Preyberg, M.D. 
Ann Arbor, Mich. 


I N 1937 Mester^ reported results of a salicylic acid skin test in patients with 
rheumatic and nonrheumatic conditions and concluded that it was a specific 
diagnostic test for "rheumatic diseases.” This conclusion was confirmed in 
similar studies by Lenoch,^ and later by Braghin.^ The latter author reported 
that the test was positive in all 45 patients who were suffering from rheumatic 
diseases, including "acute, subacute, and chronic rheumatic polyarthritis, rheu- 
matic ankylopoietic spondylarthritis, rheumatic ischialgia, rheumatic fever with 
cardiac complications, and chronic rheumatic iridocyclitis. ’ ’ The test was nega- 
tive in patients with "non-rheumatic” joint diseases, which included gonococcal 
arthritis, gout, tuberculosis, and syphilis. 

If the test were sensitive and specific, as stated by the above-mentioned 
authors, it would be of great value in the diagnosis of early spondylitis rhizo- 
melique and of atypical atrophic arthritis, and in the exclusion of gout, gono- 
coccal arthritis, and degenerative disease of joints. Since it is sometimes dif- 
ficult to differentiate these forms of rheumatism, we desired to determine the 
dependability of Mester’s test. 

Employing the technique of Braghin,® the test was performed in 20 patients 
with rheumatic disease, 16 of whom had characteristic rheumatoid arthritis, 
and 4 had spondylitis rhizomelique, and in a control group of 10 nonrheumatic 
patients. Blood was withdrawn from the middle finger of the right hand of the 
fasting patient before, and again thirty and sixty minutes after, the administra- 
tion of two intracutaneous injections of 0.2 c.c. of a sterile 0.1 per cent aqueous 
solution of salicylic acid, and the number of leucocytes in each blood specimen 
was determined. The injections were made on the volar surface of the right 
forearm at a distance of about 5 cm. from each other. These injections were 
usually followed by pain and burning of short duration, and by the formation, at 
the sites of injection, of erythematous wheals which disappeared in a few hours. 
A positive test consists of a transient diminution of the leucocytes, usually 
within the first thirty minutes, and less frequently within the second thirty 
minutes after the injection of the salicylic acid solution. A decrease in the 
leucocyte count of 20 per cent or more was considered a positive test- a rise 
in the leucocyte count, no change or fall of less than 20 per cent, were considered 
as negative. 
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Tlie test gave negative results in all 10 patients witli nonrhouinatic disease. 
In the group of 20 with rheumatoid artliritis or spondylitis rJiizomelique, a 
positive test was obtained in onlj" 5 instances (Table I). 

Results of Me-ster’s Test is Patie.vts With JtirE[j.\rAToii) -ti’.THiuTi.s a.sd Seo-soYLiTis 

RltlZOMELJQUE 


LEUCOCYTE COU.VT (CELLS PEE C.M.Nf.) 


DIAGNOSIS 

BEFOItE 

I.VJECTIO.V 

.30 JIL\'. An'Ei; 
I.S'JECTION 

00 MIN. 

AITEP. 

INJECTION 

RESULT 

Rheumatoid artliriti.s 


0,100 


Positive 

Rheumatoid arthritis 

S,S50 

8,950 

9,000 

Negative 

Rheumatoid arthritis 

(LWO 

0,200 

0,200 

Negative 

Rheumatoid artliritis 


.8,100 


Negative 

Rheumatoid artliritis 

S,S00 

9,000 

8,700 

Negative 

Rheumatoid arthritis 


7,200 

0,900 

Negative 

Rheumatoid artliritis 

7,950 


7.400 

Negative 

Rheumatoid artliritis 

4,100 

4,200 

4,050 

Negative 

Rheumatoid arthritis 

S,S30 


5,400 

Positive 

Rheumatoid arthritis 

•1,000 

4,200 

4,300 

Negative 

Rheumatoid arthritis 

S,100 

0,900 

8,200 

Negative 

Rheumatoid artliritis 

10,450 

10,000 


Negative 

Rheumatoid .artliritis 

0,750 

0,200 


Negative 

Rheumatoid arthritis 

7,200 

0,400 


Negative 

Rheumatoid arthritis 

8,800 

8,450 


Negative 

Rheumatoid arthritis 

8,300 

0,150 


Posith-e 

Spondylitis rhizomelique 

9,200 

9,000 

0,100 

Positive 

Spondylitis riiizoiiieliquo 

jODO 

4,100 

4,350 

Negative 

Spondylitis rhizomoliquo 

11,300 

8,400 

s,soo 

Positive 

Spondylitis rliizomeliquo 

4,000 

4,000 

4,450 

Negative 


Although the test was negative in our control eases, it was also negative 
in the majority of patients with typical arthritis; in this our results do not 
agree with those reported by others.'-^ Bj-aghin, for instance, stated the test 
was positive in all of 45 patients suftering from ‘•rheumatic disease.” In our 
group of 20 patients the test was positive in only 25 per cent. Because of these 
disappointing results, we did not attempt to determine the “specificity” of the 
test in differentiating certain rheumatic diseases from gout, gonococcal, and 
tuberculous arthritis, for even if it Avere always negative in the latter group, 
the test would be very unreliable, due to the fact that we found it negative 
in the majority of patients with cJiaracteristie rhoiiwatoid arthritis. 


CONCLUSION 


Mester s test was found to be gi'ossly unreliable as an aid in the diagnosis 
of characteristic rheumatoid arthritis and spondylitis rhizomelique, which ac- 
cordingly makes it of little value in differentiating certain forms of rheumatic 
disease. 
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DETERIORATION OF CORN GERM STEROL 


Anne C. Kijiball, Ph.D., Minne.vpolis, SIinn. 


I N 1932 Eagle" introduced a new sterol, corn germ sterol, for use in fortifying 
the antigen used in his Eagle flocculation test for syphilis, in addition to the 
more widely used cholesterol. The major advantage of this sterol as an antigen 
sensitizer is that the antigen emulsion for use in the test is more stable if corn 
germ sterol is used than are emulsions made with antigens sensitized with cho- 
lesterol alone. In a later modification of the flocculation test^ the use of both 
sterols was again recommended. 

Recently four preparations of Eagle antigen made in our laboratories from 
three different lot numbers of Difco beef heart have been found unsatisfactory 
for use when fortified with old corn germ sterol and fresh cholesterol. These 
unsatisfactory antigens when tested with sera, which gave a negative reaction 
to three other nationally recognized tests, show a markedly granular appearance 
and do not give the "silky swirl" on shaking that is so characteristic in the 
negative Eagle test. When read microscopically, the granularity observed would 
justify a reading of doubtful. Strongly positive sera gave characteristic reac- 
tions with these antigens, but weak reactions are difficult, if not impossible, to 
read accurately. 

These four unsatisfactory antigens were prepared, one in March, 1940, 
two in July, 1940, from two different lots of beef heart, and one in August, 
1940, using the same beef heart as was used for one of the July preparations. 
Judging by the degree of granularity observed in tests with negative sera, the 
deterioration had progressed very rapidly during these five months. This 
rapidly progressive deterioration is suggestive of an autoeatalytic oxidation. 

Separate aliquots of three of the four Eagle antigens have been fortified 
with the same fresh cholesterol and fresh corn germ sterol. With all three of 
these antigens the negative sera tested have given a characteristic appearance. 

The old corn germ sterol was purchased in December, 1932. Difco Labora- 
tories has informed our laboratories that this sterol was made in 1931. Since its 
purchase this sterol has been kept at room temperature in the browm. glass bottle 
stoppered -with the paper covered cork as received. At this time the old sterol has 
a yellow tinge and the fresh sterol is white. This color change is also suggestive 
of a rancidity oxidation. The melting point of this old sterol has been checked 
at the Difco Laboratories, and it is found to be about 96° C. over a ran^e of 
approximately 5° C., while in 1931 when the material was prepared the mdtin" 
point was sharp at 138° C.^ Eagle antigen prepared in May, 1938, in which 
this old sterol was used, is still entirely satisfactory. 

•From the Division of Preventabie Diseases. Minnesota Department of Health 
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From these observations it can be eoncluded tliat corn germ sterol deterio- 
rates with age, undergoing an atmospheric oxidation, and is then unsatisiaetory 
for use in Eagle iloceulation antigens. It is suggested that tins deterioration 
be guarded against in laboratories in which the Magic test is used. It seems 
advisable to keep this sterol in a refrigerator, since this would tend to slow up 
oxidation. The one sample of sterol here studied was sati.siactory lor about six 
years. Other samples might vary in speed of deterioration, and varying labora- 
tory conditions might markedly affect the rale of this chemical change. It, there- 
fore, seems inadvisable to use corn germ sterol for an extended period of time. 


UEFEKEXCRS 


1. Eagle, II.: .Studies in the Sorology of Syphili.-;. Vlll. A Xcw Ploceul;ifion lost lor the 

Serum Di:ignosi.s of .Sypliilis, J. L.ui. & Cia.v. Mei>. 17: 7S7, lOSg. 

2. Eagle, It.: ModifU-atious in tlio Eagle Antigens for Use in the Complement Fixation and 

Floceul'.ition Tests for Svpliilis :tnd Alinor Changes in the Totdiniijue of Those losts, 
J. L.ui. & Cli.v. .Med. 22: :!00, 1030. 

3. Ponsonal communication from Difeo Laboratories, Janimry 11, IPll. 


FACTORS INFLUENCING THE DEMONSTRATION OF TUBERCLE 
BACILLI BY CONCENTRATION METHODS'’ 


Lexore Rom.xsox, il.S., axd \V. D. .Stovall, M.D. 
^I.tDisox, WTs. 


F or the detection of small numbers of tubercle bacilli in sputum or gastric 
aspirations tlte most widely u.sed methotls liave been culture or auimal inocu- 
lation. Each of these methods is quite time-consuming, both from the standpoint 
of the technique employed in the laboratory and tlie time interval before the 
clinician receives his report. In addition to this, animal inoculation, which is 
the more dependable test, is very expensive wlien used on a largo scale. AVith 
the increasing use of the laboratory for determining tizc infeetivity of early and 
convalescent cases of tuberculosis, much study has been expended to determine 
a method of direct examination which will suffice in a large proportion of such 
eases and will thus reduce the number of guinea pigs required. A number of 
methods for concentrating sputum and gastric aspiration have been developed 
with varying claims for their usefulness. Some investigators luive I’egarded 
their concentration methods to be superior to guinea pig iuoeulatioii. However, 
it must be remembered that the pathogenicity of aii acid-fast organism cannot 
be detei’mined by the morphology and staining reaction of the organism, and 
in doubtful eases the guinea pig inoculation is still the final test. 

The concentration method depends on (1) the digestion of the mucus and 
cellular elements in the specimen, and (2) the collection of the organism for 
staining. The wide variation in the character of tlie sputum or gastric aspira- 
tions leads to difficulty in selecting a digester which will work equally well witiz 
b 11 typ es of specimen. In evaluating the various methods of coixcentratiozi it 
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is necessary to balance the results against the time and expense ot pioccdiucs. 
The ideal method to he applied to large numhers of examinations should he 
simple and should produce a material which is entirely satisfactory for smeaiing 
and staining. The concentration should he sufficiently effective so that the 
material from a large amount of the original specimen can he examined. 

The methods for concentrating sputa which are most widely used are the an- 
tiforniin method of Uhlenhuth and Xylandci" and the .sodium hydroxide method 
of Petroff.'* These methods consi.st of the digesting of the specimen hy alkali, cen- 
trifuging out the organisms, and making stained smears. To facilitate the separa- 
tion of the organisms from the digested specimen, flotation with ligroine or other 
hydrocarbons, as developed hy Kinyoun,"’* or precipitation with alum or ferric 
cliloride (Hanks, Clark, and Feldman-) have been irsed. Volatile hydrocarbons 
were used hy Andrus and ilacAlahon^ to aid in sedimenting the organisms. 
Various modifications of these methods have been reported. A number of other 
types of digesters have more recently been advocated hy various workers who 
attribute to them definite advantages over normal sodium hydroxide. Among 
these are such vegetable ferments as earoid (Sullivan and Sears’’'), animal 
ferments as tiypsin (Vogt, Zapposodi, and Long*'), and organic solvents as 
“tergitol, penetrant 08” (Petroff and Sehain^). Each of these is more expen- 
sive and less available, and their use is more time-con.suming than treatment 
with normal sodium hydroxide. Therefore it would seem that there .should he 
quite an increase in positive results to make them superior to sodium hydroxide 
for routine use. The same may he said for the various methods for collecting 
organisms from the digested specimens. 

For these reasons, we have made a study of these various methods in com- 
parison with sodium hydroxide. Our chief concern was to find the best method 
for handling gastric aspirations, hut since sputa arc more readily available 
in quantitj', the fir.st part of our .study was made using sputa, especially mucoid 
or mucopurulent types, and the methods giving he.st results were later applied 
to gastric .specimens. 

EXPERIIIEXTAI. 

The two stages in the concentration of a sputum are: (1) the digestion of 
mucus and cellular elements, (2) the collection of the organisms for staining. 

Bifjestion . — The technique which we u.sed with .sodium hydroxide, and with 
which we compared other methods, was as follows : To a measured quantity of 
sputum was added an eciual quantity of normal .sodium hydroxide and this was 
shaken well. The mixture was incubated for thirty minutes at 37° C. with 
occasional shaking. At the end of the incubation period the specimen was 
shaken well, neutralized to just alkaline to hromthymol blue, and centrifuged 
for thirty minutes at about 2,000 r.p.m. 

Sodium hydroxide has the disadvantage of being injurious to the organisms 
if left too long in contact with them and may de.stroy their acid-fast character 
It also appears to cause some clumping of the organisms so that distribution 
on the smear may be irregular. These, and the pre.scnce of crystals on the 
smears, were the disadvantages we tried to overcome. 

1. Alhalx. Other alkalies were tried— calcium hydroxide and ammonium 
hy.lrf)xide— using the same technique. A saturated calcium hydroxide solution 
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required nuich louj^er to be effective, and the results tlien were not equal to 
those with normal sodium liydroxidc. Normal ammonium hydroxide appeared to 
liquefy the speeimen almost as rajiidly as normal sodium hydroxide, but it was 
in no w'a}' superior. 

2. ..-leW.s’. Aeid dii^cstiou with G per cent sulfuric acid was tried, using tlio 
same teclmiciue as above, neutralized with sodium hydroxide aiul with !immoniuiu 
liydroxide. This was fairly .satisfactory for digesting mucus, although not .so 
rapid in action as normal sodium hydroxiile. However, pus cells were left intact, 
and in mueoiiurulent si)eeimens the .setliment after eentrifugin.g was <iuite heavy. 
The smears after this trc-atmeiit show a nice ilistrihulion of the organisms, but 
sometimes they .show extraneous material which is tlifiieull to decolorize. 

:J. Animal f<rmcnts. Trypsin i.s an animal ferment which acts on mueu.s. 
However, its action i.s not sullieienth' vigorous to take care of all tyi)e.s of 
specimens and frequently there is a large volume of .sediment or (piite a vi.seous 
digest. 

4. Vcffftahle /ermoi/.s'. Caroid, while it does not digest pus actively, is 
more satisfactory than tryiisin. It appears to be more active in an alkaline 
medium, hence the addition of e<|ual (|uantities of a 0.1 to 0.2 per cent sodium 
hydroxide solution to a b or 2 p(>r cent caroid solution is more effective tium 
either would be alone. Occasionally caroid smears are dillicult -to decolorize, but 
generally the smears have an e%’en background and good distribution of well- 
stained organisms. Caroid is lc.ss destructive to the organisms than sodium 
hydroxide, and the digest may be allowed to stand .several hours without apparent 
effect on the staining of the acid-fast organisms. 

5. Oi'danic solvciit.i. “Tergitol, penetrant OS” in .solution with sodium 
hydroxide, as recommended by Fetrolf, is an active solvent, liquefying sputum 
in about the same length of time as normal sodium hydroxide. Tt appears to 
be more destructive to the organisms, since fewer orgaiusms were found in the 
smears from the same specimens after this method of digestion than after 
digestion with normal sodium hydroxide. 

From the study made it aijpears that the most satisfactory digesters are 
normal sodium hydroxide and caroid (2 to b ]ier cent caroid with 0.2 to O.l 
per cent sodium hydroxide). Normal .sodium hydroxide has the disadvantage 
of being injurious to the organisms, and if loft too long in contact will destroy 
the aeid-fast properties. However, there is a wide margin of safety between 
the time needed for satisfactory licpiefaction of the specimen aiul the time at 
which injury to the organism is evident. Thirty minutes i.s sufficient time for 
liquefaction of all types of specimens except the very tenacious or very purulent. 
When these types of specimens are mixed with one or two volumes of distilled 
water, shaken well, and then mixed with an eipud volume of normal sodium 
hydroxide, they, also, are generally liquid in thirty minutes. Reduction in the 
number of organisms demoiisti'able by smear is not noticed until more than 
one hour exposure to normal sodium hydroxide. 

Cai’oid is less destructive to the organisms than sodium hydroxide, and the 
sediment generally makes very nice smears with well-stained organisms. How- 
ever, since it does not digest the cellular elements there is frequently a heavy 
sediment, and sometimes the smears are difficult to decolorize. 
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Collection of Organisms— AltQV the specimen is thovouglily liquefied, the 
organisms are to be collected for staining. In the above studies this was done 
bv centrifugation for thirty minutes at about 2,000 r.p.m. In addition to this, 
various methods of facilitating sedimentation were compared and a study made 
of the factors which might infiuence the separation of the organisms from the 
digest. 

1. To study the effect of specific gravity, aliquots of the digest were 
centrifuged without dilution, diluted with two volumes of distilled H 2 O, and 
with two volumes of 95 per cent alcohol, respectively. These were centrifuged 
as above. A comparison of diluted specimens with undiluted specimens gave 
the following results : Of 20 specimens digested with normal sodium hydroxide, 
9 showed more organisms without dilution with water than with dilution, 8 
showed more organisms when diluted, and 3 were approximately equal. No 
definite relationship between type of specimen and the effect of dilution could 
be discovered. Of 10 specimens diluted with alcohol, 7 showed fewer organisms 
when diluted, and 3 showed aliout equal numbers. Since 95 per cent alcohol 
frequently gives a heavi"^, rather tough sediment, 50 to 75 per eent alcohol was 
used instead, or 95 per cent in quantities just short of the amount which would 
produce heavy precipitation. No definite improvement in number of organisms 
was obtained. 

Of 20 specimens digested with caroid (1, 2, or 5 per eent), 12 showed fewer 
organisms when diluted with two volumes of distilled water, 6 showed more 
organisms, and 2 were about equal. Of these same specimens 13 showed fewer 
organisms when diluted with two volumes of alcohol, 6 showed more, and one 
was about equal. The above results would indicate that the lowering of the 
specific gravity by dilution with distilled Avater or alcohol has no great advan- 
tage if the specimen is thoroughly liquefied by the digesting process. However, 
with specimens Avhich give a viscous digest there appears to be an advantage 
in dilution. It is more satisfactory to add distilled water (equal volume or 
more, depending on the degree of viscosity) to the specimen and mix it Avell 
before the digester is added. This gives a more satisfactory liquefaction with a 
lower concentration of the digester ; for example, 10 c.c. sputum + 10 e.c. distilled 
water + 20 c.c. normal sodium hydroxide = a concentration of 2 per cent sodium 
hydroxide. This gives a more satisfactory digest than 10 c.c. sputum -i 20 c.c. 
normal sodium hydroxide Avhich gives a slightly higher concentration of sodium 
hydroxide. 

2. Chemical flocculati&n. The use of alum, ferric chloride, or sodium 
carbonate to collect the organisms by flocculation of the proteins was of no definite 
advantage in our hands. The heavy precipitate from a given quantity of digest 
greatly reduces the amount of the original specimen Avhieh can be used for "the 
examination so that any increase in the proportion of organisms precipitated 
out is balanced by the smaller quantitj"- examined. 

3. Volatile hgdrocarhons. Following the Avork of Andrus and HacHahon 
specimens, after digestion and neutralization, Avere shaken Avith a fcAv drops 
of chloroform (about 1 drop per cubic centimeter of digest) and eentrifu«-ed 
The chloroform collects in the bottom of the tube, and the sediment containing 
the tubercle bacilli forms a layer just above it. This sediment forms a satis°- 
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I'cK'tovy material I'or staiiiiii.e:, "iviioj: a "ood distribution ol well-stained organ- 
isms. Although the results, ajjain, were not entirely eonsistent, there appeavtil 
to be ail adv;mta<re in the use of ehlorofonn with diitested sputa. 

Of 3() specimens diyesled with .sodium hydroxide, 22 .sliuwed more ori'aii- 
i.sms when treated with clilorot'orm, 10 showed more organisms untreated, aiul 
4 .showed aiiout ecpial numlier.s. Of 14 specimens digested with caroid, 7 
showed more organisms treated wilii eliioroform, fi showed fewer, and two 
showed about eipial numbers. 

STI'llY or K.U'TOliS I.VKl.I’KXCIXC SKUl.MKX'rATIO.V OK TIUiKIICM-; IIACII.I.I 

1. Nar/mv t<nsii>ii d* prcssiow. On the possiliilily that a loweriii;,' of tlie 
surface tension of tlie .susiieiidiii" medium mijrht allow the or;.;ani.sni.s to he more 
iHsulily ceiitrifu.ned, various materials were added to the dirnssted specimen tor 
the purjiose of loweriiiii surface tension. Tiiese included a stock soap solution, 
aerosol (0.1 per cent ), sodium irlycocholate ("> per cent t. urea (o and 20 per cent), 
and dreft (0.1 and 1 per cent). The resuit.s, as with attempts to lower .s()ecifie 
yiravity, were so varied and inconsistent that no detinile conclusions could lie 
drawn. A study of surface tension values was made together with pll values as 
;jiven below. 

2. Varuttiims in Uic avids intfd far n< itlnili:inti and it stttd;/ of pf! ridm.<. 
Sodium hydroxide diiiests of sputa were used entirely for tliis part of the work. 
In the bectinniii'i' hydrochloric acid was u.sed for neutralization, but since this 
"ave rather heavy .salt precipitates the effects of neutralization with sulfuric 
acid, oxalic acid, and acetic acid were studied, rompari.sons w<>re also made of 
the mniiber of positive slides and the numiier of ortranisms per slide found with 
the sediment from each. The s[)ecimen.s neutralized with acetic acid "uve some- 
what better re.sulls in (lie number of orminisms fouiul and also ^ave a smear 
M'hieh was easier to examine, showiii!; Ic.ss extraneous acid-fast material. In the 
later studies the sodium hydroxide di-rests were neutralized with 25 per cent 
acetic acid. 

The pH rcadinii and surface tension veadini>.s were made on a number of 
specimens and compared with the count of bacilli on stained smears to deter- 
mine if there misrht be a direct relationship l)etween the.se values and the .sepa- 
ration of organisms Ironi the digest. Each s]iecimen was divided into efjuat 
parts, and acid was added to secure various degrees of alkalinity or acidity. 
Other portions of the specimen were treated with alcohol, tergitol, soa[), and 
aerosol to vary the surface tension. Table I shows the jilI and surface tension 
readings of the preparation of each specimen which showed the largest number 
of bacilli by smear. The smears were made by spreading the material evenly 
between two slides, and examination consisted of careful observation of three 
lines across the slide. In some ca.ses more than one preparation gave approxi- 
mately equal numbers of organisms. In such cases more than one prei)aratiou 
from a specimen is included in the table. 

It is noted that there is a wide range of pH and surface tension values 
through which sedimentation of the orgauism.s goes on equally well. The 
optimum pH seems to lie between 9 aird 11, while the optimum surface tension 
js between 63 and 73, which is approximately the reading of the neutralized 
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sodium liydroxide digest witliout any further treatment. A caroid digest ot 
the average si)utum is also in this range. These surface ten.sion readings were 
3 nade on the Du Nouy apparatus and are based on a reading for distilled water 
of 108. pH readings were made on the Coleman pH eleelroinetor. 

The character of the sputa from patients with tuberculosis or suspected 
tuberculosis varies to such a degree that we ha^■e been unable to la}' down a 
method of examination which is definitely superior for all types of sputum. 


T.mji.e I 


SPECIMEN' ! 
Xl'MBEll 

XOMBER OK ORCi.VXISMS 

pH 

SUUPACE TEKSIOK 

2S 

ss 

12,2 

61 

•2tl 

s 

10.0 



s 

n.s 


•to 

1 

5.7 



1 

S.l 


31 

1 

S.S 

63 


1 

■S.S 

07.5 

82 

4.6 (average per field) 

10.15 

7.3 


4.6 (average per field) 

0.0 1 

70 


4.3 (average per field) 

5.8 

61 

33 

2 

0.8 

60.5 


2 1 

10.75 

75 

34 

6 

11.0 

52 

35 

4 

0.0 

67 


4 

11.1 

67 

36 

toO 

8.0 

73 

37 

o 

o 

0,15 

67 


The inconsistency of results would suggest that the method of handling is less 
important than the uneven distribution of organisms in the original specimen. 
To overcome this we believe that a large quantity of the specimen should be 
digested. The entire quantity should be digested rather than 5 to 10 c.c., as 
has been recommended for sputa, or rather than the sediment from centrifuged 
gastric aspiration. After thorough liquefaction long centrifugation is necessary 
to sediment the bacilli. The addition of chloroform appears to be an aid in 
sedimentation, without increasing the amount of sediment. On the other hand, 
chemical flocculation increases the amount of sediment to such a degree that the 
sediment from a smaller proportion of sputum is used for the smears and the 
chance of finding bacilli in the smears is not increased. 

of Gdatric j^.spiy(ttioiiH , — A total of 28T gastric specimens 
which were negative by direct centrifugation were examined by concentration 
methods. The quantity used varied from 10 to 40 c.c. At first these were 
digested with equal quantities of normal sodium hydroxide, but it was discovered 
that 2 per cent sodium hydroxide was satisfactory for these as the proportion of 
mucus is generally much lower than in sputa. They were digested for thirty 
minutes at 37° C., neutralized to approximately pH 9 with 25 per cent acetic 
acid, and centrifuged for thirty minutes at about 2,000 r.p.m. Of the ^>87 34 
per cent \yere positive by one method. In 64 specimens an equal portion nms 
siiakcn with chioroform before centrifugation. Of these 64 specimens exam- 
ined hoth with and without chloroform, 2a were positive with chloroform and 
23 without chloroform. The advantage of chloroform was less marked here 
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than in sputa, perhiips hecau.so the •'a.stm; sjjeeinien is more eomplotely Jiipieiitd 
and has a iou'er sj7eci/ic irravit.v tJmn the sputum. Tlie small inorea.se in po.sitive 
results does Jiot appear to warrant the extra handling. 

Routine Use in the Laburittunj . — For a [leriod at' nine months we have heea 
using this method of eoneentratiou on routine gastric aspirations and .sj>uli!iii 
specimens in tiiis laboratory. Letters were .setit to the various .sanatoriinns in 
the .state recpiesting that, whenever po.ssihle, speciniens wliich \s-ould ordinarily 
be sent to this laboratory for guinea pig inoculation should he sent rather tor 
concentration. If this proved ttegative a second specimen shouhl be sent lor 
guinea pig inoculation. AVe did not make direct smears as the .sanatorimn.s 
generally .send in only siiecimens from paticjits tvlio iiave been in'oviously nega- 


tive by smear. 

Oastrie aspirations were received in the laboratory as either single or 
pooled .specimens (specimens taken on three stice(>.ssive days .-uid pooled) in 
epumtities of from 10 to 100 e.e. The entire quantity was .sliaken with an equal 
quantity of 2 per cetit .sodium hydroxide and incubated at t'i7° C. for thirty 
minutc.s. These wore then neutralized Avifh 25 per cent acetic acid to ju.st alka- 
line to hivnithynwl ))hie (pH S to 9), and eenfrifiiged at about 2,000 r.ixm. for 
tliirty minulos. In most eases the entire quantity of sediment could be smeared 
between two .slides witiiout making tbc smears too bea\-y for examination. These 
smears were stained by the Zichl-Neclsen metl)od. 

Spnta, nnle.ss rather tonaeiou-s, were handled in the .same way. T))o.se with 
a large propoz'tion of inuens or pus were first sliakon wifli an eipial quantity 
of distilled water and then with an equal quantity of 2 per cent .sodium hydrox- 
ide, or if ncee.s.sary normal .sodium hydroxide. 

During this period, 807 gastric a.spiration.s and 290 .Simla, or a total of 1.097 
specimens have been examined. Of these 31.7 per cent of the gastric aspirations 
and 30.6 per cent of the sputa have been positive by the concentration method: 
2.8 per cent of the gastric specimens and 1.3 per cent of the sj)iita were reported 
as having atypical acid-fa.st bacilli pre.scnt. 

One liundred and fifty-four specimens from patients who had received 
negative reports by concentration on previous specimens were injeeted into 
guinea pigs. More than half of the.se were pooled specimens. Two guinea pigs 
were injected in sueli cases. Of the 154 specimens, 89 per cent were negative 
by guinea pig inoculation and 11 per cent were positive. Of tliis 11 per cent 
(17 specimens), 4.5 per cent (7 specimens) rvero positive in one guinea pig and 
negative in the other, indicating tliat the organisms were very few in number. 
We believe that the positive results gained by earefnl examination of the con- 
centrated specimens more than compensates for the time rcfiuired for prepar- 
ing the specimens and cx-amining the slide.s, since tubercle bacilli can be demon- 
strated immediately in many specimens wliieh would otherwise require guinea 
pig inoculation and a delay of six' weeks before the Ijaeilli could be demonstrated. 


CONCLUSIONS 

1, The wide variation in results obtained through the use of various meth- 
ods. of digesting sputa and gastric specimens and pi’eeipitating tiio tubercle 
baeilh from the digests indicate.s that the newer methods of bmKlling liavo lit- 
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tie, if any, advantage over digestion with normal sodium hydroxide (2 per cent 
sodium hydroxide with gastric specimens or less mucoid sputa) and long cen- 
trifugation. 

2. Comparable results in precipitating the organisms can be olitained 
through a fairly wide range of pH values (9 to 11) and surface tension read- 
ings (63 to 73). 

3. Dilution with distilled water or alcohol to lower specific gravity was of 
no value except in the case of very viscous specimens. In such cases dilution 
with distilled water before digestion aids in liquefaction, and it is not neces- 
sary to increase the concentration of the digester. 

4. The use of a large amount of specimen, thorough liquefaction and long 
centrifugation, thus securing a great concentration of the solids, are the essen- 
tials of a good concentration method. 

We would like to express our appreciation to Dr. W. H. Oatway, Jr., of the Wisconsin 
General Hospital and to the physicians of various sanatoriums in the state for furnishing us 
with specimens. 
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A BLOOD LAXCHT ASSBMBLBD FiiO.^t CO.M.MOX LABORATOKV 

AO(’Bssouri*:s'» 


O. F.vvokitk, ^[.D., and 1L D. J. C'avai.i.i, *M.D. 

Pa. 


B I.ODD lancets, because of tlieir size and eonslanl use. are easily lost or mis- 
placed. Internes on laboratory service are luitoiLnis foi- losiny: tlieiii. (’oii- 
seiiucntly, the n.siial substitute for a lancet is an oj'dinary needle stuck tliroirzh 
a cork. Kveji tboujih such instruinent.s are etVeelive. it must be granted that 
the de)ith to which the iieedle will penetrate is not readily controllable. In addi- 
tion, such an instrument oftmi shocks the liner sensibilities of many patients. 
Certainly, it does not look like an in.slrument of precision wliieh is e.speeted of 
the medical i)rofc.ssio 2 i. 



Figs. l-(. — /, New York Board of Health bleeding needle. gnuKe .S'u. 1'.!. Needle 
adapter for ends of rubber tubing, A .second .adapter to be cut at the dotted line. i. Kubber 
tubing as employed for blood counting pipelte.s, Cros.s .section of tiie as.sembleil parts, li,. 
Normal appearance of the instrument. 7. .Shows tlie needle point protruded bevond the sldeld 
during action. 


A practical lancet can be easily a.ssembled from tlic following parts: An 
ordinary blood-letting needle of the New York Board of Health Type, No. W 
gauge, and IVf inches long (Pig. 1); two needle adapters for ends of rubber 
tubing (Pig. 2 and Pig. 3); and a short piece of rubber tubing of the size used 

Jersey* HMpitiu'^ Camden **»-’ Hahnemann Hospital, Bhiladelpliia, B.-n, .and W'e.st 
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Oil blood eoimfmg pipettes (Fig. 4). The blunt end of the needle (Fig. 1) and 
one of the adtipters (Pig. 3) are cut off at the dotted lines. All parts are 
a.s.seml)led and held together hy the rubber tubing, a.s shown in Fig. 5. This 
figure shows the lancet in cross section with the needle in its normally retracted 
position. Fig. 6 shows the completed instrument, while Fig. 7 demonstrates 
the projection of the needle point. The rubber tubing serves a double purpose of 
holding the parts together and of acting as a spring for the retraction of the 
needle point. 



Fib. 8. — Tho comparative size and position of tlie instrument. 


No dimensions are given, since all parts are of standard size. The only 
variable is the small section of the adapter in Fig. 3. The length of this section 
depends on the length of the needle available, so that the latter may extend 
beyond its normal position to the de.sired distance when it is penetrating the 
patient’s skin. Fig. 8 shows the relative size of the finished instrument. 

The lancet is used by holding it between the thumb and middle finger, as 
.siiown in Fig. 8. While one end is resting on the patient’s .skin, the other is 
given a (piick tap with the index finger. This maneuver will propel the needle 
beyond its shield to the predetermined depth. The resiliency of the rubber 
tubing will return the needle to its former protected position. 

The lancet has been used for some time and has proved entirely .satisfactory. 



A MICROMETKOD OF TJfE WEET^fANX REACTION** 


Pai l B. Szanto, and EMANtrKr. OxAfAX, Kankakki-;, III. 


T he sonini (‘Oiiifulation test, as introdueed by Weltiiiimu''’ in 1930, is a 
valual)le aid lor the din’oreiitiatioii botwecii exudative, intlaniinatory, or 
ne<'i’otie processes, and filjrotie, proliferative conditions. The value of this leae- 
tion was confirmed by many German investigators.*''* 

Recently, in this country, Levin.son and a.ssociates'’ carried out a .stud.' 
of tlie Weltmann reaction on a larj^e .series of various disca.ses as pneiunoma. 
pleuritis, cirrhosis of the liver, sepsis, :ind especially endocarditis, Tiicir find- 
ings confirmed the earlier reports of the worth of this test. 

In a second ])apor Levinson and Klein"’ demonstrated the importance oi 
this tost in distin!J:uishinjr between exudative aiul proliferative tyi'cs of Imiij 
tuberculosis. They say: ‘■in tuberculosis the Weltmann coagulation te.st Ls ol 
importance, because it can be used as a “:uide in the course of, and the pro|jnosis 
of the disease. It reflects the tissue changes in the body.” However, they write: 
“When exudative and proliferative changes occur in the lungs at the same time, 
as happens frequently in tuberculosis, the Weltmann reaction may not be ot 
great assistance. The two divergent activities occurring at the same time result 
in the coagulation band, striking the normal zone.’’ Although, the standard 
teclmique is described in the above-mentioned articles,*’’ we shall repeat the 
description of the original metliod. 

A 10 per cent stock solution of calcium chloride (CaClj. 6H.^O) is prepared. 
From this solution various dilutions are made, ranging from 0.1 per cent to 
0.01 per cent. These solutions arc numbered from 1 to 10, beginning with the 
strongest concentration. Small test tubes, similar to those used for the Wa.sser-’ 
mann reaction, are placed in a metal rack, The.so tubes are also numbered from 
1 to 10. Five cubic centimeters of the similarly numbered calcium chloride solu- 
tion are placed in each test tube. To each tube is added O.l c.c. of unhemolyzed 
serum. The solutions are thoroughly mLxed, and the tubes are placed in a hot 
water bath and boiled for fifteen minutes, after which time the tubes are 
examined. The tube with the solution of highest dilution, at which ilocculation 
is present, is noted. Weltmann called the concentrations at which flocculation 
occurs as the coagulation band, and designated it as K.B. Normal K.B. is given 
to the reaction if there is flocculation up to and including the sixth tube. Other 
workers included the seventh tube as normal. 

The findings of various investigators reveal that exudative and necrotic 
process es as pneumonia, pleuritis, caseous type of lung tuberculosis, recent coro- 

*Froni the Kankakee State Hospital, Kankakee, Dr. G. AV. Xrorrow, Managing Omccr. 
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nary thrombosis, lung abscess, and other such conditions cause a narrowing of 
the K.B. (a shift to the left), or in very severe cases, an absence of any coagula- 
tion. 

Table I 


COJIPAKISOX Op THE COA'CENTRATIOXS BETWEEN THE ORIGINAL METHOD AND THE MICROMETHOD 



N'O. 

original method 
% dilution op cacU 

MICROMETHOD 

0.5% Gael, 

/ 

'v 

/N 

q 

10 

0.01 

2 drops 



o 

9 

0.02 

4 clrop3 

1 


■4-» 

4^ 

«4-l 

’25 P S 
JS.5 15 

s 

0.03 

6 drop.s 


m 

1 

^ ^ ^ 

7 

0.04 

8 drops 



3 W 

!z 

G 

0.05 

10 drops 

ornifil 

Zone 

. V3 

« 55 

S 

5 

0.06 

12 drops 1 

12 

4 

4 

0.07 

14 drops 



“iS 
if o 

3 

0.08 

16 drops 


O 

p 

iSa 

2 

0.08 

18 drops 



1 

0.1 

20 drops 


V 


In cases of fibrous or proliferative processes, as cirrhosis of the liver, fibrous 
type of lung tuberculosis, and chronic pneumonia, there is a widening of the 
K.B. (shift to the right) i.e., flocculation may be present at the eighth tube or 
higher. 

Dees^* found that this reaction is of assistance in the differential diagnosis 
between uncomplicated and gangrenous appendicitis. In the uncomplicated case, 
the K.B. is slightly less than normal, but in the gangrenous condition, the nar- 
rowing is marked. 

Prom our experience it is our opinion that the importance of the Weltmann 
reaction is in the tracing of the course and complications of the disease. For this 
purpose freciuent repetitions of this test during the course of the disease must be 
carried out, and these require frequent venipunctures. 

Havas"- tried to introduce a mieromethod, but his technique was too compli 
cated. ^ 

This publication presents a mieromethod for the simplification of the Welt- 
niaiiH reaction. 

TECHNIQUE 

The necessary equipment consists of; 

(1) IMierocentrifuge tubes of 1 c.c. capacity. 

(2) Special micropipettes, i.e., a blood collecting pipette 
used for the mieromethod. 
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c^) A 0.1 f.c. pipctto. Tlie m;ci>.ss;iry rciigi'iit is a 

OJj poi-mit c'aU'iiKH o)ilori<k* .soliitio/i. 

Fivo-tt'Uths (.-uhic' wutimok'r of blood, i.c., 10 dro[)s, is drawn with the Itiooil 
])i}K’tle. })li\eed in the luieroeeiilrit’uiit* lube, and eentriliiiiod tor tiiteeii iniiiutt-v 
One-tenth eiibie centiiiieter of tlie nonheinolyze<i .sernin i.s pijjetted from this 
tube into a elean AVa.s.sernianri tube. To it are added 4.0 e.e. oi distilled water 
and tl drop.s of the O.o per eeiit ealeium eldoriile .solution. 

There is now the same eonec.'ntralion as will lie* found in the tenth tube 
in the oriuinal metliod. (.See table for eoinparison ol tlio eoiieenlration.s oi the 
orifiinal method and the miei’omethod.) The eontent.s of the tube are well mixod 
and boiled over an o[)en llame for one to one and onc-hali minnte.s. Durinif lliis 
lime the tube is eonfimially shaken and observed for tloeeiilation. 

If several sera are to be examined, several lid)es with tlie various sera aiui 
the neoessary solution ean lie jirejiared. These tubes are then plaeed in a hoiliwt! 
water balb for live minutes and ob.served for tloeeiilation, ii.sin*; either method. 
If no eoa!>nlation is prosvnl, 2 more drojis of O.o per cent ealeinm eliloridc avo 
added and the eonlents are boiled. 

In a normal ease tloeeiilation oeeurs after the addition of S to U) drops ot 
the 0.') per cent solution of ealeium eliloride, wliieh compares to the sixth or 
seveiitli tube in the orijrinal motliod, that is. a eoiieeiUratioii of 0.04 to O.Oo per 
cent. 

In eompariiiji' the results of the two metiiods, we found that (he.v eiteek 
throu.irhout. 

The advanla.ijc.s of the mieromethod are: (ll less blood is needed, and 
thus the necessary amount of serum ean lie obtained liy just a iniiieture of the 
hnsor or ear; (2) vciiiinnieture is not iiece.s.sarv, and for this rea.soii daily 
repetition of the to.st i.s (lo.ssilile without nuu'h discomfort to the [latieiit; (3) Ic-s-S 
time is expended in earryinif out this method. 

.SI M.MAKV 

A mieromethod for the 4Yeltmann reaction is roiiorted. The importance of 
the test tor the diagnosi.s. eour.se, and proirnosis of the different diseases are 
here stressed. The advanta"es of tliis mierometliod are mentioned. 
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CONCERNING THE CHOICE OF COMPLE]\IENT-ANTIGEN 
COAIBINATION FOR USE IN THE KOLHER 
CO]\IPLE]\IENT FIXATION TEST'' 


I. A Pretesting jMethod for Compi.ejient Selection 


Ad Harris, Staten Island, N. Y. 


A LHOST as impoi'taut as the method of preparing antigen is the selection 
of satisfactory guinea pig serum to be used a.s complement in the Kolmer 
complement fixation test for .syphilis. Apparently the optimal quality of com- 
plement may vary with each individual guinea pig and also may vary from 
time to time. A complement that is satisfactory with one lot of Kolmer antigen 
may give unsatisfactory result.s when used with another Kolmer antigen. Cer- 
tain. complement-antigen combinations which are unsatisfactory may be detected 
and eliminated by a preliminary control method for testing the combination 
of reagents. 

As reported by Giordano and Carlson,' and Kolmer,^ some guinea pig sera 
po.s.ses.s a component that is capable of fixing complement in the presence of 
Kolmer antigen at 6° to 10° C. That some complement sera may also give 
atypical, zonal false positive reactions rvith negative human serum has also 
been reported.- 

Since this nonspecific reaction of antigen and complement may not occur at 
•37° C. (during the complement titration), a clue to the presence of this xinde- 
sivalfie characteristic of some guinea pig sera is not always available until after 
the overnight inculiation period of the test. The antigen conti’ol tube can be 
expected to show partial or complete inhibition of hemoly.sis after one hour of 
secondary incubation at 37° C., when complement that is readily^ deviated )yv 
antigen alone is employed. Under .such test conditions the spinal fluid tests 
may be falsely positive, and some quantitative .serum te.sts may be negative in 
0.2 e.e. amounts with positive reactions in the tubes containing smaller amounts 
of scrum. The elimination, from a herd, of guinea pigs whose sera give this tvpe 
of reaction Inis not always .solved this problem, since previou.sly satisfactorv 
guinea pigs have been found to yield serum liaving this unde.sirable iiropertv 

I.'l'ii Vtiiieroal Di.styn.se Rese:irch L-.'iboralory» UnitL-d States Marine Ho.spital Staten 
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at a later date. Nor does the jicoliug of sera from many "uiiiea pisx.s yield a 
complement of usable reactivity in all instances. 

The result.s of the following .studies liave guided the formulation of a i)re- 
testing procedure winch will enable a laboratory, using either lyophilized or 
fresh complement, to select a satisfactory complement foi- use with the antigvii 
employed in its Kolmer test. 

TKCIINUiCK 

The Kolmer complement li.vation test procedure and the test reageiiUs used 
are tho.se described in \'enereal Di.sease Information Supi>Iement No. U, iWh 
The auinea pigs u.sed were healthy, male animals on a mi.ved diet of oat.s, hay, 
cabbage, and carrots. 

mtocKDCui: 

The blood samples were obtained ijy cardiac puncture from each of 20 
guinea pig.s, the second and third blood samides were obtained fourteen and 
twenty-nine days after the initial bleeding. Sera from these l)loods were tiestcd 
witli and without antigen to determine the degree of variability in nonspecific 
comj)!ement destruction tliat might he eneountered. Two four-tube sets, con- 
taining 1.0 e.e. dilutions of guinea pig .serum at 1 rbO, 1 sTl, 1 and 1 :-13, were 
used for each animal tested. To one of these .sets of tubes was added a tost 
dose of Kolmer antigen dilution (0.5 e.e.) plus 0,5 e.e. of .saline, and to the 
other .set, 1.0 e.e. of saline containing no antigen. All tubes were then placed 
in the refrigerator at (i° C. for .si.xteen lioui's. After a further incubation of 
ten minutes at 37° C., two units of hemoly,sin and 0.5 e.e. of cell suspension wore 
added to each tube, and readings were made after a .secondary incubation of 
one hour at 37° C. The results of the.se testings ;ire listed in Table I. 

In Table I the tubes containing antigen are ecpiivalent to the antigen con- 
trol tubes that would accompany a test at that complement titer, and it is noted 
that the destruction of complement oecurring in tliese tubes varied within broad 
limits. Samples of serum, obtained from some guinea ])igs on different dates, 
showed vai-ying degx-ees of susceptibility to nonspecific destruetiou of comple- 
ment. These results point to the fact that some guinea pigs may yield a sati.s- 
factory complement at one time and not at another. However, wlicn the three 
test results are observed, it is evident tlmt all the animals in tliis group did not 
show the same degree of serum change nor Avere all the changes in the same 
time direction. For this reason, it has been found necessary to tost each comple- 
ment serum at the time of bleeding rather than to roly on any previous test 
finding. 

In order to ascertain the role of antigen in this non.specific destruction of 
complement at 6° C., serial dilutions of complement Avere tested for hemolytic 
activity after having been in contact Avith test doses of eacli of tAvo lots of 
Kolmer antigen (X and Y) at this temperature for sixteen hours. Control 
tubes, containing no antigen, AA'ere included in this test, as presented in Table II. 

The dilutions of complement (1:37, 1 .-50, and 1:75) used in testing the anti- 
complementary activities of these tA\’o antigens alloAved a marked differentiation 
to be eAudenced betAveen them. Since each of these antigens Avas made under 
similar conditions, but from different lots of beef heart powder, and since both 
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Table I 

Results of Anticojifleiientaivy Effect of Kolsieu Antigen on the Cojii’lejient Sera 
OF 20 Guinea Pigs Bled at Three Interv.u-s 


COJIPLEilENT DILUTIONS BLED AND TESTED 


GUINEA 

PIG 


AUGUST (5 




AUGUST 20 


SEPTEMBER 4 





Each Of the above readings was made on the tubes containing a test dose of Kolnier 
antigen (0.5 c.c. of 1;(M0 dilution). Duplicate control tubes of each of the complement dilu- 
tions, containing no antigen, gave complete hemolysis in every instance. 

These tests were performed with a primary incubation period of sixteen hours at 8“ C., 
plus 10 minutes at 37’ C., and readings were made after a secondary incubation period of one 
hour at 37° C. 

The same lot of Kolmer antigen was used throughout these three testings. 

T.vble II 

Eesults of Tests MTth the Complement Sera of 30 Guinea Pigs Showing the 

ANTICOMPLEMENTAP.y EFFECT OP TWO LOTS OP KOLMEP. ANTIGEN 


COMPLEMENT DILUTION (1.0 C.C.) 


NO ANTIGEN ADDED 


I 1:7.0 



!) 

in 


n 

12 

i:; 

14 to 
30 incl. 



•Each of these antigens was used in the test dose (0.5 c.c. of 1:040 dilution) an^^^H^ 

These tests were performed with a primary’ incubation period c^f 
Plus ten minutes at 37* C. Cell suspension (0.5 c,c. of 2 per-cent suLpT^tdn1J\ at S* C. 

hemolysin, containing 2 units, was then added to all tubes and 

after a secondar>* Incubation period of one hour at 37* C ’ readings were made 
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TIIH JOL'UXAI> OF I.AUOKATOUV ANI> CI-INICAL At FDICINK 


Taiii.k 111 


Husi'i/rs OK Kokm);i: Oomi’i.k.mknt Fixation Tkst.s I'kiikoii.mhh on :i0 Hfjian Seiia and Id 
.S i'iNAi, Fi-kids FFmki.oyino Two I,ots ok KoI/MKi: Antiokn ani> Two Tots ok 

1>Y'0KI1II.IZKI> {’OMIM.KSIKNT SKUA 



- KOl.MKl: j KOI..MKK 1 

KOL.My:i: 

Koi.M y.i: 

xr.MiiKi: 

A.V'i'Iit'K.V PIA'S ANri(;KX V I'LI'S 1 

ANTKJKN X JMA'S 

AXni/KN Y I'i.l'S 


1 ( OMI'I.EllENT 11 1 ro.MKI.K.ME.NT II | 

|■O.MI■I.K.Ml;NT A 1 

roMI’J.KMK.Vr A 


.S’( r<i 


1 

.> 1 

\ ; 

A ' 

:• 'j ^ 

3 3 1 i - j 

1 : 133 ;- 

- - — ^ 

I 1 3 1 1 

! - - i T 

j - - 3: 3 1 





3 1 





» j 

* .t 

S 


; 


34 

!' 1 

J ± 

! + 

1 ! ^ ! 

i * - ^ - j 

±3:3 I 1 

111 

1 1 1 1 1 

1 1 1 1 1 

! 11-1-11 

1114 1 

11 1 

— .. — 


1 

1 i 

13 : 

■1 1 ± - - 

1 

1 i 

3 1 I 3 

i:; 


— 

I 

±\ 

1-1 

13 

t .'I i — 

1 i.-it-- 

13 11 3 

l.j 


— 

i 

1 

Hi 




— 

1 7 

4- 4- .. ^ 

-r* 4 - — 


t 4 I 

IN 

— ^ e- 


, ^ ^ 


HI 

■1 ■( ■} 4 -1 

Mill 

i 1 1 1 1 1 

1 1 1 1 -1 I 

0(1 




! 

1 


!il>inal p'luiil.'^ 


1 

4 

A 

4- 

1 'J 

1 t 

±±--- 
.V .1 

"i ;i i ' 

It--- 

* 1 t ;i 

I 3 ;! -1 1 

1 4 .4 .! t 

: -1 1 -1 1 

1 •' 1 1 ! 

1 1 .1 ' 1 

i\ 



.... — 


7 





s 


- 

— 


u 

— 

— 

— 


to 


— 

— 


fomplenient 

1 

I ::!:i 

1 1.”,;! 

1 

titer 





Hemolvsin titer 

1 HI, 000 

I ::;,ono 

1 :;!,0li(l 

1 1.I.OOO 

Hemolytie 

Fleur 10 min. 

Clear 10 niin. 

Fleiir 10 min. 

C!e:ir 10 min. 

control 



Antigen control 

Fleur 15 min. 

Fleur 15 min. 

Clear 3.'! min. 

•14- after 00 inin- 


The readings were made ten mimites after tlio antigen eoiitrols cleared In each of the 
first three groups above. AVliere Kolincr antigen Y and complement I! were u.-ed tlie test-s 
were read after one hour of .secondary iiieiibation. 
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TYBES 


3 


1.0 c.r. OF 
COMPLEMENT 
PILUTED 

1:30 

TEST POSE 
OF KOLMEi: 
ANTIGEN 

KOLMEi: 

SAIANE 

0 BSd 

5 0 

S- ' 

0 0 ^ 

2 EXITS 

OF 

hemolysin 

297 (XLE 

srSPKN’SlO.N 

o.s 

0.0 

0.4 

O.S 

n.C) 

0.4 

05 

0.5 

0.5 

Xone 

Xone 

Xone 

0.7 

O.fl 

1.1 

1.2 

1.4 

1.0 

I* -a; ^ 

So 5 .= j- 

■^0 2 ^ 

4: g i: 

K .£ ^ E S 

0.5 

0..5 

0..} 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 


dilutio^'' Shiuea pig serum with T..T.-. c.c. of Kolmer saline for 1:30 complei^nt 
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antiseiis met with the other test demauds and gave maximum fixability at the 
same dilution (1:610), a comparative evaluation under actual test conditions 
was arranged. For this purpose, serum from guinea pigs No. 1 to 13 (Table II), 
inclusive, was pooled and lyophilized, and will be referred to as complement A, 
and serum from guinea pigs No. 11 to 30 (Table II), inclusive, was pooled and 
lyophilized, and will be designated as complement B. 

A series of 20 blood samples (7 positive and 13 negative) and 10 spinal 
fluids (5 positive and 5 negative) were tested simultaneously in four separate 
groups. Each of the antigens (X and Y) was used with each of the comple- 
ments (A and B), giving the results recorded in Table III. 

The tests in which antigen X and complement B were used, as well as those 
containing antigen Y plus complement B, and antigen X plus complement A, 
reacted in an orderly manner, i.e., the controls (hemolytic system and antigen) 
cleared in less than thirty minutes, and the tests were readable in less than one 
hour of secondary incubation. Antigen Y and complement A proved to be an 
unsatisfactory combination, since the antigen control tube did not clear, the 
spinal fluids gave false positive reactions, and many of the serum specimens 
gave atypical, zonal reactions. 

These observations have aided in the formulation of the following pre- 
liminarj' pretest control method for obseiwing the behavior of the complement- 
antigen combinations. Each guinea pig serum used, whether as fresh comple- 
ment or as part of a lyophilized lot, is pretested with the antigen with which 
it will later be used in the Kolmer test. This may be accomplished by bleeding 
guinea pigs into individual test tubes, allowing these tubes to remain at room 
temperature until a firm clot is formed, and then placing them in the refrigerator 
for a few hours. After this period the clots are loosened with a wooden ap- 
plicator, centrifuged at high speed for a few minutes, and the 0.15 c.c. serum 
needed for pretesting is removed from each tube. The tubes containing clot 
and serum are then placed in the refrigerator imtil the follo-\\dng morning. 
This testing method is outlined in Table lY. 

Guinea pig sera that gave complete hemolysis in all six tubes of this test 
liave been found to be of good quality and to have the degree of hemolytic- 
activity required by the te.st author (1:30 to 1:43 for two full units). A guinea 
pig serum showing an eciual inhibition of hemolysis in both the antigen tubes, 
and those containing no antigen, may be considered usable but will usually be 
found to have a lower hemolytic activity, as determined by the complement titra- 
tion on the following day. Any sera causing a greater inhibition of hemolysis 
in the presence of antigen than is found in the tubes containing no antigen, mav 
be considered as imsatisfaetory when used with the testing antigen. 

Using this pretesting method, more than twenty lots of lyophilized com- 
plement, satisfactory for use in the Kolmer complement fixation test, have been 
prepared. Each of these lots of complement was pooled from 25 to 31 "uinea 
pigs, obtained from random herds from several breeding sources. FifU- lots 
of fresh complement (5 guinea pigs each), chosen in the same manner,' have 
all been found to be of satisfactory reactivity. ’ 
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DI.SCUS.SIOX 

Kolnier lias staled that . . prezono and nonspecific eompleiiieat-rtxulioii 
tests are due to factors iiivolviiii' the eoniplcinent employed . . . and it upiieais 
that the degree of this reactivity may also he inlluenced by some antigen com- 
ponent. ^Yhercas antigen Y with eoini)lenient A j)roved lo lie an nn.salisfaetory 
combination, antigen Y with complement B, and eom[)lement A with antigen X. 
gave satisfactory test results. Therefore, antigen Y or complement A can be 
considered usable if coml)ined with a suitable complement or antigen, re-spce- 
tively, but are enlii'ely imsafisfaetory when used together. 

When fresh eomplcment is employed, the j)reliminary antigen-eomideiiicnt 
eomhinations of the protest ))roeedure ean he plaeed in the refrigerator the 
afternoon the blood is drawn. Tliis ean he arrangetl hy removing the small 
amount of serum needed for testing from eaeh tuhe and alU>w)ng the. reniainder 
to stay on the elot until the following morning. After a reading has been made 
on each sevnm, sera found to have .satisfactory reaefivity ean he pooled, titrated, 
and used without further delay. When large riuantilies of .serum are to be 
lyophilized, a small amount of blood (Of) c.c. is adefpiate) may be obtained 
from each guinea pig and tested the day before e.xsangninatioJi. However, the 
routine used for fresh eomi)iement ean he applied to comi)lement for lyophiliza- 
tion if the whole Idood is kept at a low temperaiiire, during the overnight stor- 
age period, and tlie dehydration proce.ss is started as soon as po.ssihle after the 
pooling of the satisfactory sera. This pretesting ]>roeednre for eompleiuent 
selection is not offered a.s u substitute for any i>art of the IColmer titrations, hut 
rather as an adjunct to the complement titration. 

SUAIAr.U{Y 

1. The suitability of a guinea i)ig complement for nse with a si)ceitic Kolmer 
antigen may vary, wUbin broad limits, in some guinea i)ig.s during fourteen- to 
twenty-three-day intervals. 

2. As demonstrated by a sixteen-hour ineiihation period at t)" C,, the anti- 
complementary action of two lots of Kolmer antigen, having identical test dose 
titers, was not similar on all complements tested. 

3. A pretest method for complement selection is deserihed. 


KEFEKEXCES 

1. Giordano, and Carlson, B. : Occurrence of a Non-snecilic Substance in Guinea Pig 

Serum Pi.ved by Antigen in the Wa.«sennann Test, Am. J. Clin Pjitli 9: 130, lOoO. 

2. Kolmer, J- A,: Guinea Pig Scrum in Relation to Prezone and Kon-spccilie lVa.<=scrmaim 

Reactions, Am. J. Clin. Path. 9: J3G, 1939. 



CHEMICAL 


THE CHOLINE CONTENT OP BIOLOGICAL FLUIDS'^ 


Edward Eagle, Ph.D., Chicago, III. 


I N THE course of some studies on the presence and significance of choline in 
eortieo-adrenal extracts^ a survey was made of the available methods for 
the quantitative determination of choline in relatively small amounts of 
fluid. Although the widespread occurrence of choline and its compounds in 
the normal organism had been regarded as some indication of functional signif- 
icance,^ and although choline and its compounds have become increasingly im- 
portant in recent years because of the unique role of an essential dietary factor as 
well as a hormone, little or no quantitative data can be found on the choline con- 
tent of the various biological fluids. 

The biological methods for choline determination depend on the conversion 
of the choline to its much more powerful acetic ester, and the subsequent assay 
of the latter on some test object by comparison with standard acetylcholine solu- 
tions. Chemically, choline forms precipitates with many reagents, but of these 
only three (the double salts with iodine, platinie chloride, and mercuric chloride) 
can be formed when the choline is in dilution of 1 :2,000,000. 

The original method of Sharpe^ was based on the work of Stanek,^ who 
precipitated choline as the unstable periodide and estimated the iodine by titra- 
tion with sodium thiosulfate. Roman, ■* however, suggested the use of a stronger 
solution of iodine, precipitating the choline as the enneaiodide (CjHj^NOI.Ig). 
Many investigators have used some modification of the latter procedure. The 
objections of this procedure are: (a) It requires at least 10 to 20 c.c. of blood, 
(b) Extraction by heating on a boiling water bath (presumably to split choline 
esters) involves the loss of free choline by decomposition, and increases the possi- 
bility of lecithin hydrolysis, resulting in newly liberated choline, (e) Dialysis 
for twenty-four hours against distilled water and reduction in volume of the 
dialysate offer excellent possibilities for the loss of choline, even up to 100 per 
cent, (d) Choline periodide and enneaiodide are unstable products and losses 
occur during evaporation to small volume, (e) The ice-cold water (0 to 1° C.) 
used to wash away the excess iodine dissolves some of the soluble precipitate, 
(f) The reagent likewise precipitates ammonium salts, stachj^drine, and other 
extractives Avhich cannot be removed completely without likewise affeetiu" tlie 
precipitate. 

Precipitation of the choline as tlie double salt with platinie chloride or 
Reinecke’s acid may be used, and tlie resulting precipitates may be purified 
and weighed as such, cheeked by melting point determinations, analyzed for 
nitroge n, or converted to some other salt (e.g., gold salt) which can be a.ssayed 

•Fioiu the DeixirtmciU of Phy.siolog>-, The University of Chicago. Cliieago. 
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biologically. In aziy case, large amounts ol the original choliJie-eontaining Iluid 
would be required for sucli {irocedure. 

Addition of a saturated .solution of mercuric ciiloride iji ab.solute alcohol to 
an alcoholic solution of choline i-esulls in tiie formation of a stable precipitate 
of choline mercury chloride ((hlli.O.VCl. fillgCL), melting point 242=’-2i;r'. 
The double salt separatc.s out as extremely insoluble needles which can be 
centrifuged and thoroughly washed without lo.ss. Tlic mercury coiiteut can 
then he determined by volumetric analy.si.s. 

JIETIIOD 

The method used in the present study is essentially that of Amho and 
Aoki^ and, with moditieations, is given in detail as follows: Two to u c.c, of 
blood are mcjusured into 10 to 25 e.e. of 05 per cent alcohol containing 2 to 3 drop.s 
of acid alcohol, .shaken, and allowed to .stand for twenty-four hours for pre- 
cipitation and extraction. Tlio mixture is then iiltered, the residue is wa.shed 
well with a fine stream of 95 i)er cezit alcohol, and the total filtrate is earefull.v 
evaporated under reduced pressure to almast dryness. It is important to avoid 
.spla.shing and to keep the temperature of the hath below 40° C. at all tiim'.s. 
The residue (a few drop.s) is extracted three times with jietroleum ether to 
remove fat and phosphatides, the petroleum ether being removed in each ca.se by 
centrifuging and drawing off the supernatant fluid with a medicine droiiper 
drawn out to a fine capillary. The remaining .small amount of iujuid i.s then 
evaporated to dryness under reduced pressure, tlie residue is extracted three 
times with small amounts of cold absolute alcohol and fdtered tlirough a very 
small funnel into a 50 e.e. flask (tiuus removing the material insoluble in cold 
alcohol). TJie filtrate i.s tlien brought to a very small volume (0.1 to 0.2 e.e.) 
under reduced pre.ssure, and 1 to 2 c.c. of a satui'atcd solution of mercuric 
chloride in absolute alcohol i.s then added. The llaslc i.s shaken well and placed 
in the refrigerator for twenty- four lioiirs for complete precipitation of the choline 
mercury chloride. 

The contents of the flasks (the precipitate and tlio o.xeess mercuric chloride 
in absolute alcohol) are then transferred to centrifuge tubes and centrifuged 
rapidly at 2,800 r.p.m., and the clear, supernatant fluid is removed with a 
capillary medicine dropper and discarded. Ab.solute ether is used to wash and 
transfer the contents of the fla.sk to tlie centrifuge tulze. The precipitate is 
then washed sLx times with absolute ether, with eentr-ifuging ;md removal of 
the supernatant fluid after each washing. It is essential that the precipitate 
and its container be washed completely free from exce.ss mercuric chloride. The 
precipitate is then dissolved in 1 c.c. of 10 per cent potassium iodide and trans- 
ferred to a flask, to which are then added 1 c.c. of 15 per cent potassium 
hydroxide, 3 drops of mucilage of acacia (U.S.P.) and, while shaking, 1 e.e. of 
11.5 per cent formaldehyde. The free mercury separates out in fine suspension, 
which is first sliaken well and then allowed to stand for five minutes. The 
mLxture is then acidified with 6 e.e. of 20 per cent glacial acetic acid and 2 e.e. of 
0.005 N potassium iodate solution are added from a microburette. After shaking 
gently to enable solution of mercury (the freed iodine eombiued with mercury), 
the excess potassium iodate is titrated with 0,005 N sodium thiosulfate, with 
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starch as an indicator. The 0.005 normal solutions of potassium iodate and 
sodium thiosulfate are freslily prepared from standai’dized 0.1 N stock solutions ; 
the former are standardized at the time of titration of the regularly prepared 
samples. 

Calculation: Bacli 0.1 e.c. of 0.005 N potassium iodate used combines with 
0.067 mg. mercuric chloride, which is equivalent to 0.0058 mg. choline chloride 
containing 0.005 mg. choline. 

There are several advantages of this method: (1) A small amount of the 
original fluid is used, so that two or more analyses may be performed on the same 
sample. (2) The disadvantages of choline instability in aqueous solution, and 
its volatility on reduction to small volume on a ivater bath, are avoided by the use 
of absolute alcohol as a solvent and distillation under reduced pressure for con- 
centration to small volume. (3) The free choline is separated from interfering 
material without loss and rvithout tlie possibility of liberation of bound choline 
from lecithin, sphingom 3 mlin, etc. (4) The precipitant is elfeetive even in a 
1:2,000,000 dilution of choline and forms a stable, insoluble precipitate. (5) The 
mercury content of the precipitate may be accurately determined by standard 
quantitative inorganic procedure, from which tiie choline content is readily calcu- 
lated. 

RESULTS 

The recovery of choline from standard solutions of choline chloride in 95 
per cent alcohol is shown in Table I. The range of recovery is from 87.6 to 118.6 
per cent ; the average recovery for the series is 99.5 per cent. 

Table 1 


Becovery of Choline Prom Standard Alcoholic Solutions 


CHOLINE PKESENT 

(gamma) 

CHOLINE recovered 

(CAM.MA ) 

(PER CENT) 

i4.a 

13.5 

94.4 

29.0 

27.0 

93.2 

29.0 

26.0 

89.7 

35.9 

37.5 

104.3 

33.0 

37.0 

112.0 

:«.o 

35.0 

1 106.0 

8(5.0 

76.0 

88.4 

104.0 

102.0 

1 98.1 

113.0 

99.0 

87.6 

120.0 

106.0 

88.4 

125.0 

120.0 

96.0 

13(5.0 

140.0 

102,8 

274.0 

245.0 

89.4 

431.0 

407.0 

94.5 

431.0 

467.0 

108.3 

GGO.O 

790.0 

118.6 

(iOO.O 

754.0 

11.3.2 

(3(50.0 

701.0 

105.2 

85G.0 

842.0 

98.3 

862.0 

870.0 

100.9 

862.0 

864.0 

100.2 


Two standard choline chloride solutions (containing 6.66 and 19.83 mo-, of 
choline per cubic centimeter) were submitted for nitrogen analysis m° the 
cliemisti-y laboratory of Billings Hospital. On the basis of the reported nitrogen 
content, tliose solutions iiad choline equivalents of 6.52 and 19.45 mg, per cubic 
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centimeter, 97.9 and 98.1 per cent, respectively, of the calculated choline content. 
These solutions wci’e subsequentl.v n.sed to detennine the yield of choline inercuvy 
chloride from solutions of known choline content {average yield 98.4 per cent), 
and the per cent of choline i-ecovciy fi-om known amounts oi choline mercury 
chloride dissolved in 10 per cent pota.ssiuni iodide solution. In a series of 11 
control experiments made on four such pota.s.siuni iodide .solutions (whose choline 
equivalents were 1.208, 0.683, 0.41S, and 0.2S0 mg', per cubic centimeter) the 
range of choline recovery was from SS.3 to 102.3 per cent; the average recovery 
for the series was 93.4 per cent. 


T.cdi.1 : H 


Bfcovrsiv or Cnou-VK Aouko to JIioj-ock-.m, 1’luips 


OlilGI-VAL ru'll) 

CHOLIKK 

CONTKNT 

(GA3IMA) 

<*H0UXK 

Al>ltKI> 

(oamma) 

TOTAL 

i-IfoLINK 

l-UKSKNT 

(<iAMMAJ 

TOTAL 

j:kco 

(OA-ttlfA) 

JIIOUXE 

miKf> 

(i'EK C£Sr) 

1 <■,( 

. .'-(•rum $ 

ii.ii 

•d't.li' 

■11.2 

Ii7,5 

ot.T 

g r.i 

. Wood ^ 


•l.'J.O 

liS.ii 

oT.2 

S'J.l 

•J c.. 

. Wood 0 



SO.l 

70.7 

S7.9 

C.r 

. blood $ 


Sli.O 

114.1 

lOl.S 

S9.0 

'J ('.( 

. blood 2 


•Sli.O 

Jlli.l 

lOtiO 


;! i‘.( 

. blood 2 


so.e 

l2:{.s 

1 1‘2,2 

I'O.e 

1 <M 

. meuatrual blood 


•115.0 

•24T.2 

211.;! 

as.j 

- <’.( 

. row's milk 

itig.ii 


■1S5.S 

125.y 

HTJ 


. human 



diiy.s 

tio l.lj 

‘11.3 

1 

. rorfiroadreiial o.\tr:irt 

El'Jl.t) 

772.5 

20!hi.5 

21 '20.0 

101. 1 


•1 c.c. of a 1:10 dlliiUon of liuman mmiicII. 


Table II gives the results obtained in control experiments in which kuoini 
amounts of standard alcoliolic clioline chloride .solutions were added to various 
biological fluids. The range of total choline recovery was from 85.5 to 101.1 per 
cent ; the average recovery for the series was 90.5 per cent. 


Table IH 

ClIOI.l.VE Co.VTE.VT OF BlOI.OGlI AL Fl.riP.S 


NO. 

MATKKIAL 

[ 

i NO. 

; SAMTLKS 

lilOUE.ST 
V.iLCE 
( -MO./LlTEi:) 

1 LOWK.ST 
' VALUK 

(mo./litkk) 

avuuge 

VALUE 

{ilG./WTai) 

1 

jriuiiiau .saliva S 

(h) 

1 - 2 ) 

14.4 


Jl.G 

«> 

|Hunian saliva 5 

(!•) 

7 } 

9.!l 

4 7 


o 

1 and 2 combined 


19 

14.-i 

4 7 

9.7 

4 

Human saliva $ 

(h) 

75 

;:o.4 

t\ *> 

10.9 

5 

Human blood ^ 


! 8) 

17.1 

10 

\ 

(> 

Human blood 3 

(<D 

J'M 

22 .S 

8.5 

i:t.5 

7 

5 and G combined 


IS 

2‘>.S 

8 5 

^:\A 

8 

Huni.m blood 2 

(‘1) 

19 

21..S 

9.4 

14.G 

9 

Human blood, pre^jiaiit $ 

G2 

19.9 

0.9 

33.1 

10 

Human semen 


17 

477.0 

‘>::4 n 


11 

Dog bladder bile 


7 

380.0 

7S,0 

250.0 

12 

Dog lymph 


9 

2,3.0 

14.2 

18.2 


(a) Patients chewed jiaraffln and collected saiiwhs in Ijotties. 

(b) Dilute saliva collcctod by continuous use of dental siulion 

(c) Normal persons. 


(d) Patients from Out-Patient Department of Billings Hospital. 


The results of choline analyses on most of the liiologieal fluids studied are 
summarized m Table III All analyses were done in duplicate; in many eases 
they weie repeatedly performed on the same sample to determine the degree of 
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accuracy of triplicate and quadruplicate analyses on the same sample through a 
nude range of choline concentrations. The total number of analyses, including 
those on standard solutions and miscellaneous samples, exceeded 650. Detailed 
studies on blood choline vai-iations in pregnancj^ and salivary choline variatioms 
during the menstrual cycle uill be presented ui subsequent papers. 

SUMMARY 

1. A modified chemical method for the quantitative determination of choline 
in small amounts of biological fiuids has been described in detail. 

2. Control studies have been made to show choline recovery from standard 
alcoholic choline chloride solutions, from solutions of known choline mercury 
chloride content, and from biological fluids to which knoum amounts of choline 
were added. 

3. The choline content of 220 samples of various liiological fluids is reported. 

Grateful acknowledgment is made to Dr. A. J. Carlson for his cooperation throughout the 
course of this work. 
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EFFECT (JF ADDED EADTS ON KE(N)VERV OF 
UIPPURIC ACID FRO.Ar URINE* 


T. U. ^lAiiiiOX, il.S., Dks Iowa 


I T HA»S Ki'nt'i’ally boon i’oiind that iiippurie acid varies in .solubility in ilifiomit 
ni’inc-s, the loss on I'eeovci’y bein'r too variable for rciisoiothly acenratc cliniciil 
result.s ot the Quiek liver fiinetion test as oriiiinaHy outiineil.’* • Eftorls have 
lieen made to rediiee this ]os.s, at least to a eonstanl value. Several years aeo 
Bei'S and ilattilP rceommended the ii.se of ammonium .sulfate in student lahoia- 
tory procedure for the Isolation of hippurie acid from urine, A modification of 
their procedure ha.s' been u.sed in this hihovntory in liver function tc-sl.s for three 
years with excellent results. Quiek revised his analytical method to include 
the use of ammonium sulfate,* but has not published the ex|)erimentai work.-' 
Sodium chloride'^ has also been employed to reduce the hi[)[)nrie aeiti .solubility 
in urine, but the results are not directly apjdieable to the conditions of the liver 
function tc.st where recovery lasses need to be known for a urine .solution of a 
salt of the hippurie acid. 

This paper presents a study of the effect of flic addition of ammonuuu 
sulfate and some other salts on the loss in recovery of hippurie acid from urine 
in gravimetric procedure. Volumetric analysis is lc.s.s desirable, since added .sails 
affect the titration values, and it has been found far less precise in the hands 
of a number of technicians. 

EXPERLMEXTAL 

Fresh, clear urine .specimens were picked at random from routine hospital 
specimens in order to have repre.seutative results. Tho.se containing more than a 
trace of albnmin, or having unusual color, were rejected. To simulate the 
chemical composition of urine as it is pas.scd in Quiek liver function tests, 
hippurie acid (O.SO Gm.) was added a.s a .solutioji of the .sodium salt, prepared 
by neutralizing the acid witli dilute sodium hydroxide. The de.sircd amount 
of a salt to he tested for its effect hi reducing the solubility of hippurie acid 
was then dissolved in the urine, and the mixture ^vus ruu through a paper 
of rapid filtering quality, or centrifuged to remove tlic solids wliieh separated. 
A solid phase which contained no luppnvate separated from all urines when 
sufficient amounts of a salt were added. Therefore, the minimum quantity 
of a salt to be used was the amount ncccssai'y to condition hippuratc-fi’ee urine 
to the point where no further sepai'ation of solids occurred upon acidification. 

After filtration 1 e.c. of concentrated sulfuric acid was added for each 100 
e.e. of urine used. Added sodium liippurate solution was considered part of the 
urine volume. The solution was stirred until several minutes after hippurie acid 
precipi tated. In order to achieve constant results it was necessary to start 

•From the Department of Pathologry, Iowa Lutheran Hospital, Des JXoines. 
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crystallization by friction between the beaker and stirring rod. One to four 
hours later the precipitate was collected quantitatively on a weighed filter paper 
over suction. The filtrate was used to wash the beaker. The precipitate and the 
inside of the funnel were washed with 15 c.c. of distilled water (25° C.) from a 
medicine dropper. This left less than 0.01 Gm. of the precipitating agent on the 
filter and had a negligible effect on the quantity of hippuric acid. Weight of the 
precipitate was taken after it had dried twelve hours at 37° G. A 5.o cm. No. 4 
Whatman filter on a 67 mm. Buchner porcelain funnel fitted into a side-neck test 
tube was found convenient, because all the solid settled on the paper, and any 
loss could be seen in the tube and recovered. 


DISCUS.SION AND RESULTS 


By this method the true solubilitj’' of hippuric acid in treated urine was not 
determined, but the loss ineui’red in actual procedure was ascertained. The 
variations in recovery from different specimens is probably largely due to the 
inability of added salts to abate entirely the effects of urinary colloids on crystal- 
lization. 

Table I 


Loss OF Hippuric Acid is Urises to Which Salts Have Bees Added to 
Facilitate Pbecipitatios 


SPECIIIES 

URINE VOLUME 
(C.C) 

HIPPURIC ACID 

LOSS 

(GM./lOO C.C.) 

SPECIMEN 

URINE VOLUME 
(C.C) 

HIPPURIC ACID 
LOSS 

(GM./lOO C.C.) 

1 

2 

3 

4 

5 

G 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

mmonium Sulfa 
75 

75 

75 

75 

75 

75 

75 

75 

75 

75 

75 

100 

100 

100 

150 

200 

200 

200 

200 

200 

200 

te 

0.116 

0.120 

0.080 

0.124 

0.146 

0.140 

0.125 

0.066 

0.105 

0.140 

0.144 

0.085 

0.067 

0.067 

0.078 

0.091 

0.090 

0.036 

0.105 

0.056 

0.113 

j 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

lagnesium Sulfa 
75 

75 

75 

75 

75 

75 

75 

75 

100 

100 

200 

200 

200 

200 

te 

0.140 

0.180 

0.152 

0.168 

0.140 

0.121 

0.149 

0.152 

0.052 

0.076 

0.128 

0.139 

0.056 

0.121 

Average 

36 

37 

38 

39 

Sodium Sulfate 
75 

75 

75 

75 

0.127 

0.170 

0.166 

0.157 

0.139 

Average 

0.100 

-Average 


0.158 


, . hippuric acid loss for 21 different urine specimens to 

wliicii do Gm. of ammonium sulfate were added for each 100 c.c. volume This is 
the minimum quantity of that salt practical for use; more of it has no advau 
tage. For clinical accuracy 0.1 Gm. can be added to the amount of hiunuric 
acid recovered from each 100 c.c. of urine by the method outlined here This 
holds true for urine volumes to 200 c.c. without concentration. However Z 

obviZd. -th copious output is’ not 
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Magnesium sulfate is a more economical salt to add to urine. E.'cperinieiital 
results ivith the use of this salt show slightly greater a%'erage loss per 100 e.e.; 
nevertheless, the data in Table I indicate it is a good agent to iwe. Fifty grams 
per 100 c.c. of urine ai‘e necessary. l\Iagncsium sulfate in this concentration is 
still far enough from tlie saturation point that it does not readily crystallize out. 
An average lo.ss of 0.127 Gm. per 100 e.e. of urine is to he added to the hippuric 
acid recovery if magnesium sulfate is employed at oD Gm. per 100 c.c. 

Four determinations willi 35 Gm. of .sodium sulfate [ler 100 c.c. of urine 
gave an average lo.s.s of 0.15S Gm. of hippuric acid per 100 c.c. Addition of more 
of this salt was found impractical. 

Thirty grams of sodium chloride per 100 c.c. of urine reduced the Io.ss to 
0.1 Gm. or less. Since it is more ditlicult than the other salts u.scd to wash from 
tlie hippuric acid, it probably contributed to the recovery in the trials made. 
Moreover, the effective concentration of .salt is so close to its saturation point in 
urine that difficulty is e.xperieneed with it.s crystallizing from solution and on 
the filter. Its use in either volumetric or gravimetric method for hiiipuric acid 
lengthens the procedure because heat i.s neee.s.sary to efiect solution, and this 
must be followed by a cooling period. 

.SU.M.MAItY 

Of four salts tested for reducing the solubility of hipjiuric acid in urine to a 
constant value, ammonium sulfate was found to be the best. Tlie loss was re- 
duced to an average of 0.1 Gm, jier 100 e.e, of urine under tlie conditions of the 
Quick liver function test, using gravimetric procedure. 
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A NOTE ON THE USE OF TOPPER’S REAGENT IN GASTRIC ANALYSIS 
AFTER TEST MEALS OP MILK, CREAIM, OR SOYBEAN BISCUITS*’ 


George B. Lawson, M.D., Roanoke, Va., and 
J. R. Leonards, jM.S., and A. D. Pratt, Ph.D., Blacksburg, Va. 


I N TESTING a patient with duodenal ulcer with various foods to see whether 
any of them would decrease the gastric acidity, it was found that milk would 
give about one-half as much free acid as the bread test meal, using Tbpfer’s 
reagent as the indicator. Soybean biscuits also decreased the acidity. Casein and 
whey were then used, but neither of these showed anj'^ apparent change in the 
total free acid. Finally, sweet cream was fed after which no free acid was 
indicated by Topfer’s in the fractional test meal. Likewise, Tbpfer’s failed to 
indicate change of aeidity when an excess of hydrochloric acid was added to 
cream in vitro.’^ Since the salts of milk should give it more buffering action than 
cream, the problem was investigated fm-ther. 

Preliminary experiments on the titration of milk and cream with hydro- 
chloric acid, using Tbpfer’s reagent as the indicator, suggested that the indicator 
did not function properly in the presence of these substances. To check the 
action of the indicator, potentiometric titrations were carried out using a Leeds 
and Northrup pH meter with glass electrode. Stepwise additions of N/10 
hydrochloric acid and sodium hydroxide produced the expected changes in pH. 
With phenolphthalein as the indicator sodium hydroxide caused the solution to 
turn pink at pH 8.5. However, with Tbpfer’s reagent as the indicator the solu- 
tion remained yellow even after the aeidity was lowered to pH 1.5. Further 
addition of 2 ml. of concentrated sulfuric acid caused the solution to turn red, 
which should have occurred at pH 2.9. 

A sample of milk was acidified with N/10 hydrochloric acid to pH 2.5. 
Tbpfer’s reagent was added, and the indicator was still yellow. After centri- 
fuging it was noted that the fat and protein layer had a yellow color, while the 
milk serum was slightly pink. On adding one more drop of Tbpfer’s reagent to 
the milk serum it turned red. 

These results indicate that the fat and/or proteins of the milk interfere with 
the use of Tbpfer’s reagent as an indicator in the titration of milk with hydro- 
chloric acid. It was now thought desirable to determine whether the fat or the 
protein was responsible for this interference. 

(a) Fresh skim milk was obtained which contained less than 0.02 per cent 
fat. On titration with hydrochloric acid, Tbpfer’s reagent functioned normally 
and changed at the proper pH. Thus it appears as though the casein is not the 
interfering factor. 

(b) A sample of 20 per cent cream was acidified in the presence of an 
excess of Tbpfer’s reagent and centrifuged. The serum was pink, but the fat- 

'From Uie JefCerson Hospital. Roanoke. anU the Nutrition L;iboratore Daii-i- i.. 
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protein layer had a yellow color. The ca-soin was then removed by wa.shin>' three 
times with N/10 sodium hydro.xide, once wifh water, twice with N/10 hydro- 
chloric acid, and once airain with water. After tlii.s treatment the fat layer still 
retained the yellow color. 

It appears probable that in this two-pha.se .system the ionization of the 
Tiipfer’s reagent in the hit pliase is negligible. 

TITIIATIOX OF .SOYBEAN .ME.Mi 

Ten grams of soybean meal were suspended in 90 ml, of distilled water and 
titrated with hydrochloric acid in the pre.sencc of Ttipfer’s reagent. 

During the titration with this acid, Tdpfer’s reagent remained yellow even 
after the jiH was as low as 2.1 a.s determined polentiometrically. Again on the 
addition of 1 ml. of concentrated sulfuric acid, the reagent turned red. In this 
ease, however, it wa.s noted that if during the titration, 1 drop of the solution was 
removed and tested with Tdpfer's reagent on a spot plate, the indicator turned 
red at the proper pH. This again indicated that some constituent of the .soybean 
meal interferes with the use of Tdpfer’s reagent. 

The pH range over which Tdpfer’s reagent changes color is wide, and thus 
even at best the use of the reagent is inaccurate. This fact, coupled with the 
interfei'ing substances in milk, cream, soj'bean flour, and possibly other common 
foodstuffs, makes the use of Tdpfer’s i-eagent inadvisable in gastric analyses in- 
volving these foods. However, in routine gastric analysis, where the meal of 
bread and water is fed, it was found that Tdpfer’s reagent was satisfactory 
and agreed with potentiometric titration. 

REFEKEXCE 

1. Lawson, George B.; Unpublished data. 



A NOTE ON THE DECOMPOSITION OP NESSLER’S SOLUTION* 


W. E. James, M.D., P. A. Slesinski, jM.S., and H. B. Pierce, Ph.D. 

Burlington, Vt. 


R ecently we noticed that freshly prepared Nessler’s solution on standing 
a short time in rubber-stoppered bottles foi-med a yellow precipitate. New 
solutions of Nessler’s stock reagent and 10 per cent sodium hydroxide were pre- 
pared and mixed, and again cloudiness and precipitation occurred. 

Another set of reagent bottles was obtained, and cork stoppers were used in 
place of rubber. No precipitation was observed with either the old or the new 
solutions. "Wlien rubber stoppers were substituted for cork, precipitation was 
noted. While trying to locate the cause of our trouble, we remembered that we 
had removed the bloom from rubber stoppers with acetone according to the 
method of Matviak.^ The stoppers were not immersed in acetone but were 
wiped ivith a cloth moistened with acetone. They were washed thoroughly in 
water, dried and exposed to room air for a day or two prior to their use. No 
odor of acetone was detected from these stoppers. 

The addition of a drop of acetone to Nessler’s reagent caused immediate 
precipitation, and a like result was obtained when acetone . vapor was blow 
over the mouth of a test tube containing Nessler’s solution. Fumes arising 
from the use of acetone in the laboratory produced cloudiness, showing the 
extreme sensitivity of Nessler’s reagent to acetone. 

reference 

1. Matviak, !M.: Removal of Bloom From Rubber Stoppers, The Chemist Analyst 28: 
66, 1939. 
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DETERiMINATION OP CALCIUM IN BILE* 


Cecilia Riegel, Ph.D., and William KLisinskas, B.S., Philadelphli, Pa. 


'^HB wet ashing method with nitric acid and perchloric acid, as described 
1 for grains by Giesiking, Snider, and Getz,^ and for tissues by Buell, ^ may 
be applied to bile. It gives a water-soluble ash which is veiy satisfactory for 
the determination of calcium. 

The procedure is as follows : Add to from 1.0 to 3.0 e.c. of hepatic bile in 
a 50 c.c. beaker twice the quantity of nitric acid and an equal amount of 
perchloric acid. For gall bladder bile use 0.5 to 1.0 c.c. samples and add four 
times the amount of nitric acid and twice the amount of perchloric acid. Heat 
to dryn ess at low heat on the electric hot plate. Take up the residue in water 
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and transfer quantitatively to a 15 e.e. centrifus^e tube, keepin;' the volume 
below 6 e.e. Add a drop of methyl red, enough ammonia to make tiic solutiou 
alkaline, and then 10 per cent acetic acid to approximately pll 4 to 5. Add 
1 e.e. of ammonium oxalate (4 jier cent) and proceed as in the Clark-Collip 
method for determination of calcium in blood. 

Table I gives the results of some analysc.s. 

Taiu.k I 


BUX 

AMOl'N'T 

TAKES* 

(c.r.) 

rOTASSlfM 

I'KUMASKASATi: 
(C.C. 0.0 In*) 

C.tUUfM 

(.Mti./ 

.S.\.MI>I.K) 

e.M.i'ii'M 

roi'Ni) 

(.MO./ 
i 100 C.C.) 

Tiir.oiomc.tL 

(MO./ 

100 c.c.) 

imfOVEuv 

(9t) 

JIuinan hepatic 

2.0 

o.to 

o.:!S 








o.:!G 








0,o7 


o.o7t; 

:!.s 

Avg. 3.S 



1.0 f 

5.02 







1 mg. Ca 

5.01 







(1.0 c.c. 
solution) * 

5.07 

5.0S 

.5.05 

l.OlO 

50.0 

51.9 

97.5 

liQg hepatic 

1.0 

o.ss 

o.so 

0.S5 

! 

0.170 

17.0 





1.00 

1.01 

1.02 

0.32 1 

10.2 




:i.o 

2.41 


! 






2.41 

2.41 

0.4 S2 

1 0.0 

Avg. Ki.l 



O.O + 

0.5 mg. 

Ca 

1.0 + 

l.iiO 

4.70 

5.00 

4.72 

0.944 

1.1. IS 

27.0 

56.9 

2S.0 

5S.2 

96.4 

97.7 


1.0 mg. 

1 Civ 


1 

i 






0.5 

1.0 

0.00 

0.91 

1.77 

j 

0.91 ! 

1 

i 

0.182 1 

:;6.4 





1..S4 

l.SO 1 

o.3i;o 

.3 6.0 



Dog hepatic 

1.0 

2.0 

0.01 

0.00 

1.20 

0.01 

0.122 

12.2 




:i.o 

1.21 

1.S4 

1.21 

0.242 




5 c.c. + 0.5 

1.0 

1.S7 

0.97 

l.SO 

0.372 

12.6 

Avg. 12.4 


rag. Ca 

5 c.c. + 1.0 

0.5 

1.01 

0.00 

0.99 

0.19S 

19.S 

20.3 

97.5 

mg. Ca 

5 c.c. + 1.0 

1.0 

0.00 

1.24 

0.60 

0.132 

26.4 

27.0 

97.9 

mg. Ca 


1.25 

1.25 

0.250 

25.0 

27.0 

92.6 

Human hepatic 

1.0 

0.30 





1 


2.0 

0..11 

0.60 

0.31 

0.0G2 

! 

6.2 


i 

i 


3.0 

0.57 

0.92 

0.59 

O.llS 

5.9 



5 c.c. + 0.5 

1.0 

0.96 

0.77 

0.94 

O.ISS 

6.2 

Avg. 6.1 


mg. Ca (0.5 
c.c. solution) 

5 c.c. + 1.0 
mg. Ca (1.0 
c.c. solution) 

5 c.c. + 1.0 
mg. Ca (1.0 
c.c. solution) 

0.5 

1.0 

0.7S 

0.5S 

0.00 

1.11 

1.10 

0.7S 

0.59 

1.11 

0.156 

1 

O.llS 

0.222 

i 

15.0 

25.0 

oo o 

14.7 

21.S 

21.S 

106.1 

10S.2 

lOl.S 


where *4lci’um'^as''a'dded™to thffile?^ calcium per cubic centimeter was used in all instances 
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Usually the residue obtained is white in color and dissolves readily in water. 
Occasionally a bromi residue Is obtained, which may be digested to whiteness 
by adding nitric acid and perchloric acid again. This is not necessary, how- 
ever, as good results are obtainable even when the residue is slightly discolored. 
We have also found that if large amounts of organic material are present, as 
with gall bladder bile, the digestion mixture may turn dark brown or black 
when it reaches a small volume. If this happens, a second, or even a third, 
digestion with nitric acid and perchloric acid is necessary. In such instances 
care should be taken not to allow the dark mixture to evaporate to drjmess 
since .slight explosions maj’’ occur. 


REFEREXCES 

1. Giesiking, J. P., Snider, H. J., and Getz, C. A.: Destruction of Organic Alatter in Plant 

Alaterial bv the Use of Xitric and Perchloric Acids, Indust. & Engin. Chem. 7: 185, 
1935. 

2. Buell, M.: Method for Ashing Soft Tissues Preliminary to Determination of Cations, J. 
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FURTHER NOTES ON THE COLORIMETRIC DETERMINATION OP 
INULIN IN BLOOD AND URINE - 


Alf S. Alvixg, M.D., Jack Flox, B.S., Isadobe Pitesky, B.S., asd 
Bexjamix F. jMiller, Ch.E., M.D.,t Chicago, III. 


AVZITH the development of a practical clinical method for measuring the 
glomerular filtration rate in man, clinical laboratories have been called 
upon to determine the concentration of inulin in blood and urine.^ For this 
purpose a simple direct colorimetric method was described by Alving, Rubin, 
and Miller.- Certain difficulties which have been experienced by some labora- 
tories in the routine application of this method may be overcome by the use of 
the folloudng modifications and precautions.! 

Eeufjents . — ^Diphenylamine reagent. This reagent is now prepared as fol- 
lows: To 250 c.c. of absolute ethyl alcohol in an Erlenmeyer flask 100 c.e. of 
C. P. concentrated hydrochloric acid are added. The mixture is then quickly 
cooled to room temperature. The change in volume resulting from the mixture 
of hydrochloric acid and alcohol is disregarded. Immediately before usin<z the 
reagent, 20 c.e. of diphenylamine (from Alerck or G. Frederick Smith Co., 
melting point 52.5° to 53.3° C.) in absolute alcohol are added. The alcohol- 
diplienylamine solution is made by adding 20 c.c. of absolute alcohol to 3.4 Gm. 
of diphenylamine in an Erlenmeyer flask. The final reagent is conveniently 
made from this solution and the acid-alcohol mixture by pouring them back and 
forth a few times from one Erlenmeyer flask to the other. 

When prepared as de.seribed here, the reagent gives an appreciably deeper 
coior i ll the reaction with inulin than the reagent employed previously In 

•Prom tlie Department of Medicine. University of Ctiicago. 
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order to keep the blanks as low as i)ossible we ])refer to prepare the required 
quantity of this reagent fresh eaeh day. 

licmoval of Fcvnu nlahle rariohi/dra/c.— Coniinercial innlin solutions, wliieli 
are satisfactory for intravenous clinical use, contain api)rcciable amounts of a 
non-inulin fermentable material. Since thi.s substance gives additional blue 
color with diphcnylamine, it is essential that it he removed from both blood and 
urine saniplcs b\j fermentation. This i)rocedure should be employed even when 
Benedict’s qualitative te.st for reducing substances is negative on the urine. 

After fermentation of the samples of plasma or urine, and removal oi 
yeirst cells by centrifugation, only the clear .supernatant tluid is used for pre- 
paring protein-free filtrates. 

A special, stareh-freo yeast can be obtained fimm the I'Meischmann \ea.st 
Co. It is ncce.ssary to wash this yea.st as originally de.scribed.' It is worth 
while to use the special, washed yeast because with it the blank values are 
markedly reduced. For example, we obtain blank values on plasma below 0.5 
mg. per 100 c.c. inulin equivalent. 

Development of Color . — Kcaction tubc.s. Improved, jrressure-resistant tubes, 
manufactured by Kimble Gla.ss Co., have the tlillowing specifications: ‘‘Special, 
round bottom, screw cap vials, 10 to 20 mm. outside diameter and 110 mm. long; 
made of N-51A No. 2 weight ghuss; one end tlircaded to fit an 18 mm. G.C.A. 
cap, other end round bottom. Vials must have standard fire-fin islied flat tojw. 
Glass must be evenly distributed; vials must be lehred; lips must be square but 
not ground. Vials must have sandblasted spot us close to the shoulder as con- 
veniently possible.” Now gla.ss I’eaetion tubes must be washed with .soap and 
hot water before use in order to remove oily films from the gla-ss. Then to 
remove traces of soap the tubes are rinsed thoroughly in hot water, filled with 
an acid-aleohol mixture similar to that de.scribed under “Reagents,” stoppered, 
and heated in boiling water for at least fifteen minutes. After final I’insing 
with distilled water, these new tubes give satisfactory rcsult.s. During subse- 
quent use soap should not be employed; it is sufficient to clean the tubes by 
flushing with hot water, soaking in cleaning solution for at least one hour, and 
rinsing finally with distilled water. 

Rubber Ihici's. The use of replaceable, white rubber liners was recoiu- 
mended originally for the screw caps of the reaction tubes. The liners that we 
first obtained contained very little sulfur, Avhich could Ciisily be removed by 
boiling the linei's in a dilute solution of sodium hydroxide. Liners must be free 
of sulfur which reacts with diphenylamine to produce a blue color similar to 
that given by inulin. When rubber liners are used, they must be cleaned in hot 
alcohol and rinsed in distilled water between determinations. If the glas.s 
reaction tubes or rubber liners are dirty, or are contaminated by traces of soap, 
the results will be less reproducible. 

Plastic liners. It has become increasingly difficult to obtain durable rubber 
liners that are low in sulfur content. Because there is little pi'ospect that this 
situation will improve, we have tried to use, with even more satisfactorj' results, 
18-400 black phenol molded improved Lusteiseal caps with glued-in Pliofilm pulp 
or waxed Vinylite pulp liners. The caps and liners do not have to be cleaned 
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before use. They must be discarded after being used once, but are cheap if 
purchased in quantity. Liners for this type of cap cannot yet be obtained sepa- 
rately. Satisfactory caps and liners are manufactured by Owens-Illinois 
Glass Co.* 

Estimation of Color Intensity— A No. 635 filter is somewhat more suitable 
for measuring light transmission than the No. 660 filter employed originally.! 

CaZib)-af ion.— Standard inulin solutions may be kept for months without 
deterioration if the inulin is dissolved in saturated benzoic acid. A standard, 
equivalent in color development to a 1 per cent solution of inulin, may be ob- 
tained from the United States Standard Products Co., AVoodworth, Wis. This 
concern has also developed a satisfactory preparation of inulin for clinical use. 

Determination of Blank Value of Reayents . — ^When several sets of analyses 
are performed, three blanks on water plus reagents, omitting yeast, or three 
tubes containing inulin of known concentration plus reagents, should be heated 
in each water bath with the solutions of unknown concentration in order to 
determine the “center-point setting” of the galvanometer. 

The “center-point setting” may be determined by means of an inulin solu- 
tion of knovm concentration as follows: With the known solution in the Evelyn 
colorimeter, the galvanometer is adjusted to correspond to the previously deter- 
mined reading of the known solution on the calibration curve. The kno-wn 
solution is then taken out, and the galvanometer reading without any tube in 
place is taken as the “center-point setting.” 

The “center-point setting” can be determined a little more accurately for 
unknown solutions of high inulin concentration (low galvanometer reading) 
by the simultaneous analysis of a known solution containing 3.5 to 4.5 micro- 
grams of inulin per cubic centimeter; but for unknowns of low concentration 
the use of blank analyses on water plus reagents is preferable, and for making 
the original calibration curve, it is imperative. 


RESULTS 


In analyzing inulin solutions of concentrations greater than 0.01 mg. per 
cubic centimeter, a small amount of blue precipitate is occasionally formed in 
the colorimeter tube. Ordinarily the error introduced by this precipitate is 
small, but the formation of the precipitate can be prevented by the proper 
dilution of samples before analysis. AVhenever possible the unknown solution 
should be diluted to give a reading between 30 and 70 on the galvanometer scale 
of the Evelyn photoelectric colorimeter. 

It must be emphasized that for most reproducible results the time of boil- 
ing should be standardized to exactly sixty minutes. The reaction is stopped 
l)y cooling the tubes immediately to room temperature. The colorimetric deter- 
minations should be carried out approximately thirty minutes after the tubes 
are removed from the boiling water bath. 


•Reaction tubes, caps, .ami liners may be obtained from regular laboratorv snnnK- 
Wo obtain our supply through E. H. Sargent and Co.. Chicago; 111. suppl> houses. 

tFilter No. supplied by Rubicon Co.. Philadelphia. Pa nermits 

opproximately p.'. per cent of the light between ills and (ISO millimicron? the aonroxtm.,f ‘°“ 
nave length of the tran.sinltted band being C35 millimicrons. mean 
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In pei'foi’ming inulin clearances, the effect of analytical errors on the clear- 
ance values can be reduced to a minimum by heating corresponding plasma and 
urine samples together in the water bath, instead of analyzing plasma and 
urine samples at different times. 
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A CHEAPER NESSLER’S REAGENT BV TUB USB OF 
ilEKCURIC OXIDE‘S 


L. F. Wicks, St. Louis, ]\[o. 


IXTROOUCTIOX 

W ITH tlie general rise in the price of chemictils at the present time, any 
economy in preparing large balehes of Nessler's reagent should be of inter- 
est to most laboratories. Formation of the desired double Imlido from the oxide 
of mercury (and twice the ii-sual etiuivalent of potassium iodide) is cheaper 
than its preparation from the very expensive mercuric iodide, or even from 
elementary iodine and mercury. 

Nessler’s reagent, as we all know, is essentially a strongly alkaline solution 
of a certain double iodide of potassium and mercury. Reaction with ammonia 
yields a colloidaP compound which in dilute solutions is evident as a yellow 
to brown color, and in less dilute ones (where the concentration of ammonia 
exceeds a few milligrams per hundred cubic centimeters) as a precipitate. 

There is only slight doubt as to the composition of the effective double 
iodide in this old= and much-modified reagent. It is generally agreed to he formed 
from the equivalent of two moles of potassium iodide to each one of mercuric 
iodide: 2KI-Hgl2 or KjHgl^. Friend® loaves the matter uncertain, hut Tread- 
well and HalP give the above salt in an equation for iiesslerization. Wellor," 
in his familiar Comprehensive Treatise, submits the usual mass of conflicting 
statements, but later (in his one- volume edition") he also presents Iv^Hgl^ iR 
an equation and states that the effective ratio of merciu'y to iodine should be 
1:2.54, which corresponds exactly to the above compound. Yoe' likewise agrees, 
as do Latimer and Hildebrand.® 


^rom the Research Department of the BarnarU Free Skin and Cancer Hospital. St. Louis. 
Keceived tor publication* July It, 1941, 
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WICKS; KESSLER ’S REAGENT BY USE OF MERCURIC OXIDE 

The double iodide evideiitlj^ dissociates scarcely at all to give mercuric 
ions, for the addition of hydroxyl ions inconsiderable concentration may produce 
no precipitate of mercuric oxide. Ionization must largely occur thus: 

In the presence of ammonium ion or ammonia as well as of alkali, this com- 
plex ion reacts to yield a peculiar, highly colored compound, probably a polymer. 
Equations such as these are given: 

(1) -f 2HgI=, + 40H- + NHg,I-H,0 + 3H,0 + -iK* + 71' 

(2) 2B^HgI, + 3KOH + NH, HgOH-NH-Hgl + 7KI + 211,0,.'; 

The chromatic substance, “mercuric by droxiodamide”^ or “oxydimercuric 
ammonium iodide,”*^ is of very doubtful composition. It is said'* to be the iodide 
of “MiUon’s base,” the white product obtained when aqua ammonia acts upon 
mercuric oxide. There is a host of formulas given for Millon’s base and still 
more for Nessler’s precipitate. Many texts are agreed that the latter compound 
has an empirical formula of NH 2 Hg 20 I,® which is variously written as; 

OH-Hg-NH-HgV NHgoI-HoO,*'*--^ NH2-Hg-0HgI,>“ HgOH-NH-HgI,« 
HgO -Hg (NH 2 )I,^ etc. Franklin*^ in 1907 also gave HgoNHoOl, but later*- 
changed this to either 2HgO •NH3-H20 or 4HgO •2NH3-H20. The most recent 
attempts at analyzing this baffling compound were by Nichols and Willits,* who 
claim that it is NH 2 'Hg 2 l 3 , and give this expression for nesslerization ; — 

(1) 2(HgI,-2KI) + 2NH, 2(NH,-HgI.) + 2KI. 

(2) 2(NH,-HgI,) NH,HgA + NH.I- ’ 

Or, combining: 2(Hgl2-2KI) + 2NIL -» NHjHgJj + 2KI + NH,I. 

The necessity for alkali is not obvious in their equations. The colored sub- 
stance, the authors further state, is highly insoluble and forms an electro- 
negative suspensoid. This lyophobic nature is certainly indicated by the great 
gain in stability when soluble gums*^' are previously added to nesslerized solu- 
tions. 

If we assume then that the effective double iodide is 2KI •Hgl 2 , and calculate 
the ratio of potassium iodide to mercuric iodide for various Nessler’s reagents, 
we see that in the more satisfactory preparations this ratio, by design or by 
chance, closely approaches our theoretical ratio or slightly exceeds it for the 
sake of stability. 2KI : Hgl, = (2 x 166.0) ; 455.4 = approximately 332/455, or 
about 0.73. ’ 


REAGEKT REFERENCE % KI % Hgl, 

PrericUs and Mannlieim 14 2.3 3.5 

Polin. and Denis 15 2.25 3 0 

Polin-Wu 16 1.125 llso 

Bocb-Benedict 17 7.0 10.0 

Kocb-McMeekin 18 1.02 1.38 

Vanselow 19 3.49 4.55 


In fact, if one deviates very far from this figure, tlie sensitivity of the 
reagent decreases enormously. For example, when employing equal molarities 
of the potassium and mercuric iodides, a color will not develop with ammonia 
even when the reagent is strongly alkaline. It is desirable that there be just 
sufficient excess of potassium iodide to keep the mercuric iodide in solu- 


RATIO 

% Naon 

0.71 

15 

(KOH) 

0.75 

2.0 


0.75 

7.0 


0.70 

10.0 


0.74 

S.3 


0.77 

11.2 

(KOH) 
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tioii; but little more or sensitivity will suft'er. Vunsel()\v'“ reeommemis a 5 
per cent cxeesa of potassium iodide over that I’cciiiired to form the iivjrolhctieal 
KuHgl^, and thus the ratio in liis reaitent is 0,77, Otliov factors also reduce 
the sensitivity. With insufiieient free hytlroxyl ions, no color will develop at all, 
but great excess of alkali will produce a precipitate, |u-obahly nierciirie oxide. 
Certain foreign salts, such as biearbonatcs* or chloride.s,’^ lower tlic inteiisitj 
of the Ne.ssler color. Temperature is also stated-" to bo rather inliuential. 

The oldest method of preparing Ne.s.sler’.s reagent i.s the somewhat arhitrarj' 
one of adding an exee.ss of pofa.ssium iodidt* to a .saturated solution of niereiiric 
chloride-’ (and then cmisiderable ba.se). 

iigci, + iKi Kyigt. + :;kci. 

This technique is still given in many texts,"' -- but it is best suited for water 
analysis and such instances where the concentration of ammonia is quite low. 
Otherwise, the potassium chloride adds unwanted electrolyte which increases the 
tendency of the suspcnsoid to {)reeij)itate. 

The time-honored proeedure”’' ** of reacting metallic mercury with a tri- 
iodide solution yields the eompomul de.sirod. but it is iiieonvcnieut and it ap- 
pears that it is becoming obsolete. 

2KI-I. i- llg — # K.Ifgr,. 

When mercuric iodide, fi-ee of such impurities as the siiliide and merciiroas 
compounds, became readily available, tlie modification of dissolving mercuric 
iodide in strong, hot potassium iodide solution was adopted.”' ’• 

2KI + Hgl, K-Ugl,. 

Dawson,-^ in his equilibrium researcho.s, found evidence lliat in solutions where 
the dissolved mercuric iodide i.s I'olatively low. the chief cutiiplex electrolyte « 
KcHgli. 

The xjroposed method is this : 

HgO + -Uvl + II.O -» Iv,irgr. + 2KOiI. 

Here we have two end products, but botli are needed for the reagent (the 
amount of alkali formed .supplies only a fraction of that i’ccftiired). Ivtipp and 
Seliirmer cited by Jlellor" prepared the double iodide by the last reaction and 
proposed it as a method for standard alkali. 

Friend,” and Latimer and Hildebrand,* also give the above equation as a 
reaction of mercuric oxide. This reaction was once used”' ” as a technique foi‘ 
providing standard alkali from a known weiglit of the pure oxide. Strangely, 
after a 2 'ather thorough search of the literature, I have encountered no mention 
of the utilization of this reaction of mercuric oxide to prepare Nesslcr’s reagent- 

PKOCEDUKE 

Directions are given for the sirbstitution of mercuric oxide in the prepara- 
tion of the Koch-HcMeekin’* solution oubq as this modification of the old 
Polin-Wu formula is probablx' the best Ne.ssler’s reagent as regards sensitivit.r’, 
stability, and economy of materials that is in general clinical use. I have 
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prepared this formula (and others) by the authors’ original method, with mer- 
curic iodide, and with the oxide, and have found the three solutions apparently 
identical in excellence and composition. 

Dissolve 19.1 6m. of A.R. (analytical reagent quality) red mercuric oxide 
powder in a solution of 60 Gm. of A.R. potassium iodide in about 100 e.c. of 
ammonia-free water. Heat on an electric hot plate and stir until clear. The 
last bit of the solid dissolves with difficulty. Cool the deep yellow solution of 
the double iodide, make to 200 e.c., and then stir into 975 c.e. of pure 10 per 
cent sodium hydroxide. This 1,175 e.c. volume of the original Koch-McMeekin 
reagent can be rather inconvenient. A liter could be prepared by using somewhat 
less of the iodide stock solution, thus : pour 160 c.c. of 50 per cent sodium 
hydroxide solution into about 600 c.c. of ammonia-free water. Add only 170 
c.c. of the above iodide stock (with stirring) and dilute all to a liter -with redis- 
tilled water. The objection may be raised that some of the iodide stock is left 
over. To avoid this, we can use a stock solution somewhat less concentrated 
than the original: 

Dissolve 16.2 Gm. of A.R. red mercuric oxide in a solution of 51 Gm. of 
A.R. potassium iodide in 100 to 150 e.c. of ammonia-free water. Heat on an 
electric hot plate and add the powder in small portions, stirring until all is 
dissolved. Then dilute the double iodide solution thus obtained with about an 
equal volume of redistilled water and let cool. Dilute also 160 c.c. of clear 
(centrifuge if necessary) 50 per cent sodium hydroxide solution with about 
one-half liter of pure water. Pour in the iodide stock and make to one liter. 

Bed mercuric oxide is recommended since it costs somewhat less than the 
yellow form. The latter differs only in being of smaller particle size® and should 
be quite as satisfactory chemically, and perhaps more readily soluble. 

How familiar is the phrase, “let stand to clear,” but if the Nessler’s 
reagent is prepared of pure materials, it is almost perfectly free of turbidity at 
once. Much purchased distilled water, especially that from raw river water, 
contains a surprising amount of ammonia and organic matter. If this is so, 
redistil that used for the reagent from an acid-permanganate solution. (In 
the interest of safety, add only enough potassium permanganate to maintain a 
decided purple color and just a small percentage of sulfuric acid.) Carbonate- 
free sodium hydroxide will be assured if one uses the convenient 50 per cent 
solution. 
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MEDICAL ILLUSTRATION 


TJIE iVPPLICATION AND WEARING OP FACIAL PROSTHESES'-* 


Carl Dame Cl.vrke, Ph.D., Baltimore, SId. 


N miEROUS article.s have appeared in the medical and dental literature 
with regard to the manufacture of moulage prostheses or artificial pai’ts 
to be worn on the himian face and body. The most outstanding of these are 
by Kazanjian, Rowe, and Young,^ Bercowitsch,^ Zinsser,^ Clarke,^’ " and 
Bulbulian.®’ ^ The majority of the prostheses considered in these articles rvere 
artificial noses, ears, cheeks, and eyes in which parts of the orbits and lids have 
been reconstructed rather than fal.se teeth and gums that fit adjacent to mucou.'! 
membrane. The prostheses to be discussed by me fit primai’ily next to skin 
surfaces and are held in place by mechanical devices, such as eyeglass frames, 
or an adhesive, such as gum mastic, dissolved in the proper solvent. The ma- 
terial ali’eady published did not explain in detail the actual wearing of pros- 
theses. Instead, the manufacture of the prosthesis was considered, and methods 
were given for attachment by mechanical devices or by an adhesive. These 
articles left the prosthetist and his patient to determine by experimentation and 
experience the most comfortable adhesive mixture to use and the length of time 
required to rest the tissues. For example, some wearers of artificial parts on the 
face prefer to wear them continuously for a few days, others prefer to remove 
them every night. This depends largely on the extent of the restoration and the 
materials used. 

I have been associated with two physicians who have had pz’ostheses made 
months ago and are wearing them at the present time. Since these men them- 
selves have facial restorations, they are exceptionally well qualified to know 
from firsthand experience the problems that arise during the application and 
wearing of prostheses. Furthermore, as physicians they understand the nature 
of any irritations that may begin and know how to correct them. One of these 
eases represents a partially restored nose that was required after the removal of 
an epithelioma ; the other is a partially restored ear designed to correct a defect 
resulting from an accident. I am, therefore, indebted to these two men, who 
prefer to remain anonymous, for the following information and description of 
their actual experiences during the wearing of their respective prostheses. 

PRECAUTIOXS TO BE T.VKEN IX JIAXUF.VCTURE OF PROSTHE.SES 

In the manufacture of a prosthesis it is essential to use the utmost care in 
the preparation of both surfaces of the material, that is, the outer or visible 
surface and the surface that will come in contact with the skin. The exposed 

•From the Department of .Vrt, University of ILaryiand School of Sledlcine. 
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contours should be rof^uhir, smooth, and liielike, witli the correct ju'oportions 
and color. The contact surface should he .smoolli, without sharp points or 
granular areas that do not make complete contact. It must tit snugly and com- 
pletely to the skin on whicli it will he attached; any irregularity or depres.sio!i 
in the skin must be tilled with a corresponding negative impression on the 
moulage. It is for this reason that flexible materials, such as latex and gelatin- 
glycerin-sorbital mixtures are more piaietical than the hard, firm, unyielding 
substances. Jletal, vulcanite, and the .synthetic re.sin.s, .such as vernonite and 
vinyl acetate, belong to the latter group. 

Surface area should not be sacrificed for cosmetic effect in preparing the 
contacting surface. In other words, the surface area should be sufliciently ex- 
tensive to approximate a considerable portion of the skin area when applied to 
it with the adhesive substanec; otherwise the border of the prosthesis will not 
approximate closely the dermal structure. The edges will lie more apparent and 
fixation will be unsatisfactoiy. This .statement from the wearer of a piustlicsis 
came as a surprise, because I labored under the assumption that the smaller the 
skin surface covered by an artificial part, the more realistic the effect. lu his 
opinion sufficient skin surface must he covered to make the artificial part feel 
comfortable and at the same time give complete a.ssnrance that it will not fall 
off. Naturally, this matter should be tempered according to the size and weight 
of the prosthesis and the strength of the adhesive insed. When making a pros- 
thesis, the seam or junction between the natural and artificial skin surfaces 
should come at points, linos, or areas that will i>revent detection as far as pos- 
sible. Folds and character lines within the skin surface offer the best areas for 
forming the joining lines. When .such details are considered, the moulage 
maker may take advantage of them in making the prasthesLs to produce surfaces 
that will .support the weight of the prosthesis and at the same time escape de- 
tection. 

ADHESIVE JI.VTERIALS 

Bercowitsch^ and Zinsser^ advised the use of gum mastic dissolved in alco- 
hol as an adhesive to hold a nose or an ear prosthesis to the sldn surface. In 
trying this mixture I found that the alcohol dried too slowly from the mastic to 
effect satisfactory adhesion. Furthermore, the mastic turned millvy in the 
presence of moisture, an effect known as bloom in the field of art. Since gu>n 
dammar does not react in this maimer, I substituted it for the mastic. 

Gum dammar and gum mastic possess the folloiring qualities: (1) They are 
transparent when in solution. (2) They arc insoluble in water. (3) They are non- 
irritating. However, I have heard of one case in which the gum mastic solution 
was blamed for causing a skin rash at the place where tlie prosthesis joined the 
skin. I am inclined to believe that this was the result of an idiosvncrasy to the 
gum, 01 that theie was a mechanical iri-itation created by removing the pai’t too 
frequentljx In numerous other instances the gum mastic was used properly over 
a period of years without any detrimental effect. (4) An excess of either gum 
dammar or gum mastic or any quantit 3 '' of these which remains dried on the skin 
or the prosthesis may be removed with a 70 per cent solution of alcohol. (5) 
These ingredients are inexpensive, a year’s supply costing onlj’" a few cents. 
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(6) Both gum mastic and gum dammar are not affected by normal temperature 
changes. Gum dammar is not affected by excess humidity, and gum mastic is 
not likely to be changed to any great extent. The wearer may notice that the 
gum mastic will bloom when it is applied in rainy weather. However, this is of 
little consequence. (T) A normal prosthesis may be attached by the use of 
these materials in a few minutes, fifteen minutes at the most. 

To overcome the slow drying of the alcohol, as recommended by Bereowitseh 
and Zimser, I used a mLxture of equal parts of alcohol and ether in which the 
gum dammar was dissolved. The patient ivas advised to paint the gum dammar 
solution on the surface of the prosthesis that was to come into contact ivith the 
skin surface, then put the prosthesis in place and hold it for a few minutes until 
complete and comfoi’table adhesion was effected. This required only a few min- 
utes. I instructed the patient to increase the amount of ether in the solution 
if he wanted quicker adhesion, and to add more alcohol if the adhesion took 
place too quickly or dried before the pi’osthesis could be put in place. 

This reasoning seemed logical to me, but I found that one wearer preferred 
to use ether entirely as a solvent for gum mastic. The fact that this gave sat- 
isfactory results over a period of years speaks for itself. The wearer claims 
that the gum mastic is more effective when dissolved in ether, and if kept in 
solution will prove a more uniform and adequate adhesive agent than if pre- 
pared for each individual application. It is best applied to the prosthesis by 
means of a medicine dropper, and the density of the solution should be such 
that it can be draivn into the dropper wdth ease. The ether evaporates very 
readily from the solution if the container is left open for any length of time 
and should be replaced from time to time if the mixture becomes too thick. In 
the event the solution becomes too thin, additional gum should be added. I al- 
ways prepare a bottle of the gum solution and give it to the patient with his 
prosthesis. Instead of the medicine dropper, I use a bottle with a stopper that 
contains a small bristle brush. This brush is used to apply the adhesive to the 
contacting surfaces. After the adhesive is applied, the prosthesis is put in place 
and held mth firm, constant, and regular pressure until the solvent evaporates 
from the gum and complete adhesion takes place. 

WE.VRING OF THE PROSTHESIS 

The prosthesis, after its application, can usually be worn for about three 
days. The gum mastic then becomes only loosely adherent and removal at 
that stage is simple, only a small amount of traction being necessary. If the 
prosthesis is removed at such time there wall be no skin abrasions or irritations. 
The prosthesis may then he cleaned with alcohol and replaced. There is no 
reason why a prostliesis made of latex or a gelatin-glycerin composition should 
not be worn at night. As a matter of fact, it is unwise to detach it too fre- 
quently, particularly when it is attached fimly to the skin. Of course the size 
of the prosthesis and the material from which it is made may have some bearin- 
on these instructions. If tlie prostliesis is attached to the eyeglass frame it may 
he possible to dispense with an adhe.sive altogether. This depends upon the 
location and extent of the lesion and the size of the prosthesis. 
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CAHK OF TUB SKIN’ 

When the prosthesis is I'emoe’ecl, llie dried noiiadliesive debris ol’ the gum- 
solvent solution should he cleaned away carefully with a TO j)er cent alcohol .solu- 
tion. Ocntle massage Avith a .soft cloth dampened with alcohol is all that Ls neces- 
sary. The generous applieation of alcohol to the surrounding shin surlace with 
the fingers will he found coin fort ing and heli>f\il. It will ahso he found practical 
and wise to leave oft' the j)rosthesis occasionally for several hours, as during 
sleej). Tlie apj)lieatiou of tincture of green .soap before this rephicement is made 
may aid in protecting the surface. 

In a recent eommnnieation one of the.se ])hy.sician.s supplied the following 
information; "I have been using the nionlage prosthesis for two veal’s and 
during tins jieriod have had absolutely no .skin or other reaelion of any .sort in 
spite of the fact that my skin is unusually sensitive. .My prosthesis is most .sat- 
isfactory and is not noticed hj- the public; however, upon a few occasions some 
of my medical friends have a.sked me who did the plastic oi)eration and were 
wondering from wliat area the .skin was removed. It has been my choice to re- 
move it each night, replacing it in the morning, wliieh is done in lo.ss than a 
minute's time.” 

If the principlc.s hove outlined arc followed carefully, a satisfactory wearing 
of the prosthesis will he experieueed with the least amount of physical and mental 
discomfort and the maximum in cosmetic eftieiency. 
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Erratum 

On page 1799 of the August number of the Journal iu tlie article by Theo- 
dore S. Eosen, M.D., and George W. Luhinsky, A.B., entitled “Freezing of 
Tissues With ‘Dry Ice’ for Microtome Sectioning of the Entire Brain,” the first 
two sentences in the paragraph under “Freezing Apparatus” should read: 

The freezing attachment consists essentially of (1) a metal plate upon which 
the slab of tissue is frozen, and (2) a means of keeping the ‘ice’ in firm coutact 
loitli the metal plate. The plate is cooled hy the ‘icc’ and iu turn chills the 
tissrre, at the same time anchoring the tissue to the plate.” The words that 
are italicized were omitted from the text. 
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FNEVIMOCOCOX, Sensitivity of to Sulfapyridine, A Eapid Qualitative Test for Eesistaace, 
Moore, T. J., Thomas, E, E,, and Hoyt, A, J. A. M. A. 117; 437, 1941. 

Each of 4 mice ivas inoculated intraperitoneally with 0.2 c.c. of 10 per cent sulfapyi’idine 
suspended in 20 per cent acacia. Sputum (or pus) was made grossly homogeneous and liquid 
by mixing with a minimum necessary amount of sterile saline solution. Within the first 
two hours after treatment, 4 treated and, in addition, 3 untreated mice were alternately 
inoculated with the sputum mi.xture, as large a volume as possible (up to 1 c.c.) being used 
for each mouse. At various intervals thereafter peritoneal e.xudate was removed from each 
mouse and examined rapidly to determine the number and the morphology of the pneumo- 
cocci. Efforts to make accurate counts were avoided. The test was read when growth of 
pneumococci in the untreated mice had become unquestionable (as indicated by hundreds per 
oil-immersioa field), and at no earlier time. If, at this time, the treated mice shosved no 
increase in the number of pneumococci, or if there had been scanty groivth with a pre- 
ponderance of atypical forms, the strain was called sensitive; if smears of treated and 
control mice were virtually indistinguishable, the strain was called resistant (fast or 
refractory). 

TEICHINOSIS, Wyrens, E. (J., Tillisch, J. H., and Magath, T. B. J. A. M. A. 117: 

428, 1941. 

In an analysis of 19 cases of clinical trichinosis and 21 cases of asymptomatic infection 
incidental diagnoses were made during routine examination of surgical pathologic material. 
Included in the series are 2 cases suggestive of repeated infection. 

Asymptomatic infection with T. spiralis and clinical tricliinosis are two conditions 
which should be clearly separated. 

SPOTTED EBVEE, Eocky Mountain, Hutton, J. G. J. A. M. A. 117: 413, 1941. 

The literature slioivs that cases of Rocky Mountain spotted fever have been reported 
from thirty-seven of the forty-eight states. 

Rocky Mountain spotted fever is transmitted to human beings through infected ticks 
and the causative organism is Dermacentroxeims rickettsii. 

Three types of the disease are recognized-, the mild, the severe, and the fulminating. 

The eutaneou.s manifestations of Eocky Mountain .spotted fever are characteristic. 

A drug e.xerting any great amount of specific action against this infection has not 
been found. 

Vaccine gives partial protection for a period of one year or less. 

The United States Public Health Service vaccine for Eocky Mountain spotted fever 
is prepared at the Rocky Mountain Laboratory of the ATational Institute of Health 
Hamilton, Mont. 

Tlie vaccine is given in two doses of 2 c.c. e.ach at an interval of five days, either sub- 
cutaneously or intramuscularly. The known data indicate that the vaccine fully ’protects the 
majority of per.soius against the less virulent strains but tliat the aver.ago penson is only 
partially protected against tlie highly fatal type of Eocky Mountain spotte'd fever and tliat 
the nnaximum degree of protection conferred is retained for less than one year. 
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GONOCOCCIC INrECTIONS, Cutaneous Diagnosis of, Corbiis, B. C., and Corbus, B. C., Jr. 
J. A. yi. A. 116: 116, I'All. 

A person infected witli a .specitic organism i.s in a .state of Iij-par.-en.-itivity to that 
organism as long as it remain.s within the body. 

In a control series of 100 persons known not to he infected with gonococci, S5 per 
cent gave negative reactions to the cutaneous test de.scribed. 

According to the :iuthors’ e.vperience, this te.-'t as a 4liagno.stic adjunct in gonoccKric 
infections is more valuable than any other procedure previously sivailable. 

The antigen con...ist8 of 0.1 c.c. of a standard bouillon culture filtrate with 0.1 e.c. of 
bouillon as a control. 

COLOR INDEX, A Simple Hemoglobin-Red Cell Ratio to Replace the, Isaacs, B. J. A. 
.M. A. 116: L'AIS, I'Ml. 

A .simple relationship between the hemoglobin content of the blood and the number 
of red blood cells may be e.\pre.-ised by this formula for "normal"; Three times the number 
of grams of hemoglobin per hundred cubic centimeters divided by the number of hundreJs 
of thousands of red blood eell.t per cubic millimeter eiiuals 1. It is distinctly Ic.ss than 1 ia 
hypoehroniie ancmitis and more than 1 in hyperehromie conditions. 

URINE, Method for Rapid Alkalinization of, Blck, M., and Drevermann, E. B. 11. J- 
.\u.straTm 1: 223, liMl. 

The authors advocate tl>e immediate intravenous adniini.itration of 20 e.c. of the sodium 
lactate-sodium bicarbonate solution on tlie first appearance of any symptoms suggestive of 
the occurrence of hemolysis after blood tran.sfu.sion. This is, liowever, only tlie immodiatc 
treatment, and as largo ciuantities of tluid are retpiired to nmintuin the diuresis, the purpose 
of the injection is to alkulinize the urine raiddly in order to permit time for the setting up 
of a continuous intravenous infu.sion of isotonic sodium hietnte solution. 

HEMOPHILIA, Diagnosis of. Quick, A. J. Am. J. It. Sc. 201: 160, 1911. 

The blood of a true case of hemopliilia should show the following: 

1. Coagulation time (Lee Mliito test), over eight minutes at 37.5° C. 

2. Coagulation time of recalcificd plasma: 

a. High speed centrifugation, over five minutes. 

b. High speed centrifugation, over three minutes, 
e. Clotting time should decrease on standing. 

3. Prothrombin concentration (Quick’s metliod), above 70 per cent. 

4. Bleeding time (Duke’s metliod), not over four minutes. 

5. Clot retraction, not over sixh' minutes after coagulation occurs. 

6. Tourniquet test (Rumpel-Leede technique), not over four peteciiia in specified area. 

BLOOD DONORS, Response of, to Iron, Santy, A. C. Am. J. M. Sc. 200 : 790, 1911. 

The hemoglobin response of 27 active professional blood donors was studied under iron 
therapy and without medication. 

It was found that hemoglobin regeneration after donations took place eight times more 
rapidly when iron was given. 

The return to the previous level was complete in an average of eleven days after a 
500 C.C. donation under iron therapy, whereas a far longer period was necessary when iron 
was withheld. 

A rough calculation of the amount of hemoglobin in the total circulation revealed the 
fact that the average active donor in this series could not maintain a positive balance 
without iron medication. 
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It was found that the xespouse to iron usually continued after its withdrawal, indicating 
that the most effective time to administer iron is before blood loss. 

It is concluded that the diet of regular donors should be suppleiuonted with iron. 
Ferrous suifate, because of its convenience and freedom from reactions, was regarded as a 
very satisfactory form of iron for blood donors. 

“STOKED” BLOOD. Effect of Glucose in the Preservation of Citrated Htiman Blood 
Stored at 4-6“ C., Eelk, W. P., and Kosenstein, P. Am. J. M. Sc. 200: 841, 1941. 

Glucose (5.4 per cent) prevents the hemolysis of erythrocytes of whole citrated human 
blood kept at 4“ to 6“ C. for three to four weeks. With citrate alone hemolysis appears near 
the end of the first week. 

This preserving effect is less marked on granulocytes, platelets, and on the clot-forming 
properties. 

One part of kotouic glucose to two parts of blood is effective, and has the advantage 
of increasing not too greatly the amount of fluid to be injected. 

It must not be thouglit that blood preserved by chilling and the addition of glucose 
remains in a state of hibernation, or suspended animation. The processes of decay go on 
steadily, and are retarded only by the favorable environment. There is, therefore, a strict 
limit to the time that blood for transfusion may properly be stored. This limit is shorter 
than is generally supposed due to the fact that these red blood cells become incapable of 
substituting for the cells of the recipient prior to suffering any hemolysis. 

“STOKED” BLOOD; Survival Time of Erythrocytes of Citrated Human Biood Stored 
at 4-6“ C., Eelk, W. P., and Barnes, B. 0. Am. J. M. Sc. 200: S3S, 1041. 

The erythrocytes of citrated human blood kept at 4° to 6“ C. were found to survive in 
recipioats as long as the cells of fresh biood when storage time did not exceed two or three 
days. After this they disappeared with increasing rapidity as storage time increased, until, 
after seven or more days in the “bank” their post transfusion survival was in no ease 
longer than twenty-four or forty-eight hours. 

60H0C0CCDS, Preservation of, in Eroaen Drinea and Broth, Wortman, M. S., Gronau, A., 
Deakin, E., and Love, F. Ven. Dis. Inform. 22; 195, 1941. 

Xoutme Method ; 

The urethral discharge of male patients with gonorrhea was collected on a sterile swab 
which was then immersed in a serologic tube containing 1.5 c.c. of infusion broth. Subse- 
quently the specimen was plated out on a chocolate agar plate. If there was no discharge, 
the first portion of the urine was collected in a sterile centrifuge tube. The sediment was 
taken up on a s\Yab after centrifugation and transferred into a broth tube. A culture was 
then made as stated above. 

In female patients the cervi.v was expo.sed by means of a speculum, avoiding the use 
of lubricants. A specimen was taken from the urethra and cervix with a swab which was then 
immersed in a broth tube and later plated out as described. 

Freezing Method: 

(A) Brotiis. A routine culture was made from the discharge in both male and female 

patients, and the swab was then placed back info the hrotb tube. The broth tube was im- 
mersed in the freezing mixture of dry ice and alcohol {’temperature about -72“ C.). Freezing 
occurred in about fifteen to twenty .'•econds. The specimens uero transferred when frozen to 
a thermos bottle containing dry ke. ® 

(B) Urines. Urines collected in sterile 15 c.c, centrifuge tubes were frozen by im 
mersmg the tubes in the freezing mi.xture. Freezing occurred in about one and one-half 
to two minutes. The tubes were tramsferred after freezing to a thermos bottle containing 
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TUBERCLE BACILLI, Demonstration of, Sasano, K. T., Caldwell, D. E., Needliam, E. L, 

and Medlar, E. M. Am. Rev. Tuberc. -13; 303, lU 1 1. 

A comparison of results obtained from culturinji and inoculatintj "uinea pigs for the 
detection of tubercle bacilli in 1,270 speciinen.s from lium.'iu .■-cmrccs is prc.-ented. The 
results obtained from culturing the spleens from 100 con.secuti\e tuberculous guinea pig;, 
using the teehuitiue brielly outlined in the te.vt, are given. The tidvantages and di.-advatt- 
tages of each method tiro discu.s.sed. To sub.stitute the eultunil method I'or tlie guinea pig 
inoculation procedure teems iiiadvi.'-ahle. The utilization of both metiiods couiiterbalaticts 
certain inherent disadvantages in each. As a routine proeeilure a combination of the t«e 
methods will make potsible a more accurate detection of tubercle bacilli pre.-ent in tiaall 
numbers tiiau is possible wliero only one or the oilier method is used. 

TUBERCLE BACILLI, Culture of, Steenken, W., Jr., and Smith, M, M. Am. Rev. Tuherc. 

13: 301), llMl. 

.V fifty-hour sputum specimen is eolleeled in a 100 e.e. wide-mouthed bottle, stopjjerc] 
with a good grade of cork. \u etiutil volume of -1 per cent sodium hydro.vidc is added, anJ 
the mixture is liomogeiiized for ten minutes in a shaking nniehiue, followed by one hour s 
incubation at 37.5° C. It is then centrifuged for ten minutes at high speed in sterile pyre.x 
tubes which have heeu sealed with sterile rubber caps (type u.sed for capping babies’ milk 
bottles). The sediment is nciitnilized with normal hydrochloric acid containing 10 per cent 
by volume of phenol red indicator, timl :idju.sted on the acid side to a pll of about tj.-l 
(it is best to approach the final pll with either X/10 hydrochloric acid or X/10 sodium 
liydroxide as may be required). 

This suspended sediment is divided into three etjual portion.^. Two of these portions 
are transferred to two small vials with round bottoms tliat will stand entrifugiiig and which 
can bo stoppered with small cork.s. (Small round bottom 3 e.e. vaccine vials are well 
suited for this purpose.) To one vial, 5 c.c. of a 1:1,000 solution of malachite green is 

added, and to the other vial, 5 e.e. of a 1:10,000 solution. Tlie tliird vial is kept as a 

control. The vials wluch contain the dye are then stoppered and agitated in the shaking 

machine for ten minutes, tlicn centrifuged for ten mimite.s at high speed. The supernatant 

fluid is pipetted off with a sterile capillary pipette. The sediment is then su.spemled in 
1 e.e. of sterile distilled water. 

STREPTOCOCCI, Comparison of Beta-Hemolytic on Maltose-Blood-Agar. A Presumptive 

Test for Group A, Simmons, R. T., and WUson, H. M. J. Australia 1: 74, 1941. 

A total of S69 strains of beta hemolytic streptococci of human origin of groups A, 
B, C, and G were examined on iuultose-bIood-;igar plates as a presumptive means of dis- 
tinguishing strains of group A from the other three groups, wliicli are commonly found 
in man but are rarely pathogenic to man. 

Of oOO strains of group A streptococci, all but four (O.S per cent) were recognized. 
Of 3G9 strains of groups B, C, and G, all but 15 (4 per cent) were recognized as not of 
group A. 

As a presumptive test for group A streptococci, the medium maltose-blood-agar was 
useful, and, with few exceptions, reliable. As a presumptive test for group B among 
hemolytic streptococci of human origin, it was quite reliable. Groups C and G were not 
distinguishable from one another, but most strains of groups C and G were distinguishable 
from group A, and all strains were distinguishable from group B, 



The Journal of 
Laboratory and Clinical 
Medicine 

You -27 Notomber, 1941 No. 2 


CLINICAL AND EXPERIMENTAL 


ASIPHETAillNE SULPATE-ETHYl ALCOHOL ANTAGONIS]\I IN 

THE RABBIT* 


Edward C. Eeifenstein, Jr., M.D., Syracuse, N. Y. 


D uring an investigation in man of the stimulating action of amphetamine 
(benzedrine) sulfate on abnormal mental states characterized by depres- 
sion, certain toxic depressive states caused by alcohol were included, and it was 
observed that the alcoholic cases were among those most favorablj=- affected.^"* 
These observations indicated that in man there is an antagonism between 
amphetamine sulfate and ethyl alcohol. 


In a series of over 100 eases of alcoholism, with and without psychosis, our 
most prominent results of treatment included: (1) a reduction by one-half in 
the length of time for recovery of the acute alcoholic psychoses; (2) a slight 
increase in the number of recoveries; (3) a diminution in the severity of the 
psychotic manifestations; (4) a dissipation of the “hang-over’' effects of inebria- 
tion; (5) an unsatisfactory response in chronic alcoholic addiction; (6) a dif- 
ferentiation between uncomplicated alcoholic depressions and psychogenic de- 
pressions masked with alcohol by the rapid response of the former; and (7) an 
antagonistic or “sobering” effect of amphetamine during acute alcoholic intoxi- 
cation. The latter was most striking. Boisterous, excited, hyperactive, surly 
and irritable individuals became quieted; some fell asleep after the medication. 
Tremor in these patients was aborted. Occasionally, however, the excitement 
and the tremulousncss was increased. The incoherence and incoordination of 
more profound inebriation was rapidly replaced by a more coordinate state 
Persons who had imbibed sufficiently to become stuporous frequentlv were 
aro^d and rational within thirty minutes following the intravenous injection 
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of 20 to 30 m<j. of aniplietainine sulfate. The clruf; rendered dej)res.sed, sulkn, 
and asocial intoxicated individual.s more eiicerful and adaptable. Some chronic 
alcoholic patients took aniiihetainine before drinkiii": in order to consume larger 
quantities of alcoliol witiioul the appearance of un{)!ea.sant symptoms. IVe con- 
cluded from these investigiations that in man tliere is an antagoni.sm between 
amphetamine sulfate and alcohol, whieli is of "reatest value clinically in the 
more acute phases of alcoholism with and witliout p.syelmsis. 

MtKSKNT lXVI->>TIGATIO.V 

Because of the satisfactory response of acutely alcoliolic patient.s to ampheta- 
mine .sulfate, it .seemed desirable to te.st in animals the limits of the antagonism 
lietween the two drugs. Since this inve.stigation was begun (October, 1938), 
IVerner' has published a brief report oji tiie effects of amplietamiiic sulfate on 
aleoiiolic deprc.ssiou in animals. He stated that 7 c.c. [)er kilogram of alcohol 
orally protected rabbits against the lethal effects of sub.scquently administered 
amphetamine sulfate. The lethal dose of amplietamiiie was incroa.sed appro.xi- 
mately 1.0 limes. The drug did not completely awaken the depre.ssed animals. 
However, in rabbits receiving 2.5 e.e. per kilogram of alcohol intravenously, 
coordination of tlie hind legs was restored by amplielamine. Entirely similar 
results were obtained by 'Werner with pyridine-B-carbo.xylie acid diethylamide 
(coramine), nietrazol, and i)icrotoxin. 

M.vruuiAus Axi) mkthod.s 

Ina.smuch as botli the aleoliol and the amphetamijic sulfate had I)cen admin- 
istered orally in the clinical studies, it was decided to administer the drugs to 
animals bj' the same route. The rabbit was used l)ceau.se of .suitable size for 
ease in passing a .stomach tube. Prom a colony of about SOO rabbiks, approxi- 
mately 600 were chosen at random and employed in the present investigation. 
These animals w'ere equally distributed in sex, and varied in age from G to 15 
months, and in weight from 1.50 to 3.20 kg. Subsofiucntly, tlie experimental 
group Avas reduced to 423 by eliminating from the data those rabbits weighing 
less than 1.70 or more than 3.00 kg., because of the observation of Eiirieh, Lewy, 
and Krumbhaar'^ that the minimum lethal dase varied with the Aveight (age) 
of the animals and that the lieavier anitnals Avere more snsceptihle. However, 
in no instance AA^ere the results modified by thus re.stricting the number of ani- 
mals. No seasonal variation in the .susceptibility of the animals to the same 
mixture of the drugs Avas observed. In many instances the solutions containing 
different mixtures Avere employed simultaneously, thus rendering the variations 
in response more easily comparable. 

All animals Avere fed on a standard laboratory diet, AA-hich had maintained 
in good health for several years the remaining 200 rabbits (employed in preg- 
nancy tests). In every experiment food Avas Avithheld routinely for more than 
sixteen hours before and after medication. No animal Avas used' more than once 
throughout the investigation. All medications Avere administered iutragas- 
trically as solution, using an 18 P urctiiral eatlieter as an esophageal tube. 
Pieliminaiy experiments indicated that the aA^erage stomacli capacity of the 
selected animals Avas 150 to 250 e.c. All solutions Avere dcA’ised, therefore, so 
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that the total volume of a single dose never exceeded 150 to 175 c.e. (depending 
on the size of the animal). All solutions wei’e made, however, so that the vol- 
ume administered would be as large as possible, in order to minimize drug loss 
and in order to eliminate the necessity of washing down a given dose with addi- 
tional fluid and thus changing the concentration. To secure uniform fresh- 
ness, the solutions were prepared as needed. The amphetamine sulfate used 
was the racemic compound, in the form of a powder,® dissolved in distilled 
water. The alcohol .solutions were prepared from alcohol U.S.P. (i.e., 95 per 
cent). 

The particular tecluiiques are described in connection Avith the divisions of 
the problem. In the lethal dose experiments the dose Avas considered to be fatal 
only if the animal died Avithin fourteen days of medication. The term “mini- 
mum lethal dose 50 (M.L.D. 50 ) ” is used to describe that dose Avhich Avas lethal 
to at least 50 per cent of the animals to AA'hom it Avas given. 


T.vble I 

Ax.aleptic Effect op Auphei'ahine Sulfate on Narcosis of Moderate Aaiounts op 

Ethyl Alcohol 


CONTROL GROUP 

5 Gil. ALCOHOL PER KG. 

5 

85 

TEST group 

GM. ALCOHOL PER KG. AND 

JIG. AJIPHETAJIINE PER KG. 

ANIMAL 

ONSET OF 

DURATION OP 

ANIMAL 

ONSET OF 

DUK.ATION OF 

NUMBER 

NARCOSIS 

NARCOSIS 

NUMBER 

NARCOSIS 

NARCOSIS 


IN MINUTES 

IN MINUTES 


IN MINUTES 

IN MINUTES 

ES 

27 


F25 

77 

i 275 

P6 

10 


F26 

57 


E9 

20 


F28 

54 

320 

E12 

17 

520 

F29 

45 


F13 

1 15 

425 

F30 

81 

257 

E15 

23 

485 

F31 

69 

251 

FIT 

26 

354 

F32 

32 

345 

FIS) 

14 

463 1 

F34 

41 

345 

F20 

15 

344 

F35 

30 

294 

F21 

12 

345 

P36 

57 

264 

F22 

8 

479 

FST 

53 

295 

F23 

18 

461 

F3S 

57 

363 

F24 

22 

505 

r4o 

74 

349 

Total 

227 

5304 


727 


Average 

17.4 

408 


55.9 

1 307 


RESULTS 


A. Moderate Dose Experbnents.—The folloAving experiments AA'ere per- 
formed to determine the effect of amphetamine sulfate on the narcosis of mod- 
erate amounts of ethyl alcohol (Table I) : 

(1) To a series of 13 animals (control group), 5 Gm. per kilogram of 
alcohol were administered intragastricalljL The onset and the duration of nareo.- 
sis were recorded. The animals Avere stimulated at five- to ten-minute intervals 
by a forceful pinching of the ear with a mouse-toothed forceps, and were not 
considei’ed to be in a state of narcosis if they could coordinate their hind legs 
sufficiently to hop once Avithout losing balance. Narcosis occurred in 17.4 min- 
utes (average) after the administration of the alcohol, and lasted 408 min- 
utes (average). 


•H.icftnlc Htiiphetaniinu .sulfate powiler 
Theodore B. AA'allace, Smith. Kline and French 


was supplied throuch the courtesv 
Laboratorie.'j, Philadelphia, Pa. ' ^ 


ot Mr. 
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(2) The same experiment was performed in anollier series of 13 animals 
(test group) to whom o (im, per kilogram of alcoiiol and So mg. per kilogram 
of amplietamine sulfate were given in the usual manner. Sleep ensued in 55.9 
minutes (average) and lasted 307 minutes (average). 

Comparison reveals that the addition of the amplietamine sullate delayed 
the omset of the narcosis about 200 per cent, and shortened it about 25 per cent. 


12 

11 

10 

9 

a 

7 

6 

5 

4 

3 

2 
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Statistical Treatment uf Results: Onset of narcosis — the standard error 
of the mean of the control group was 1.78(3 minutes and of the test group, 4.94 
minutes. The ratio of the difference of the means to the standard error of their 
dift’erenee was 1.857, indicating but thirty-two chances in one thousand of a 
reversal in similar experiments. Duration of narcosis — the standard error of 
the mean of the control group was 7,869 minutes and of the test group, 13.9 
minutes. The ratio of the difference of the means to the standard error of 
their difference was 11.5, indicating an infinitesimal chance that there would 
be a reversal in similar experiments. The degree of significance of the changes 
of the onset and the duration of the narcosis is increased by the fact that 
amphetamine sulfate altered both of these factors in the same direction. 

B. Lethal Dose Experiments. — Five experiments were performed to deter- 
mine the effect of amphetamine sulfate on lethal doses of ethyl alcohol, and 
the effect of ethyl alcohol on lethal doses of amphetamine sulfate : 

(1) M.L.D. 5(1 of Ethyl Alcohol: Varying doses of 25 per cent ethyl alcohol 
solution were given to 38 animals, and the number of deaths within fourteen 
days rvas recorded. The volume of the solution administered varied from 58 to 
112 e.c. The M.L.D. 50 was found to be 7,25 Gm. of alcoliol per kilogram (Fig. !)• 

(2) M.L.D. 50 of Amphetamine Sulfate: In a manner similar to the pre- 
ceding experiment, 0.25 per cent solution of amphetamine sulfate was given to 
68 animals. The volume of the solution administered varied from 44 to 130 c.c. 
The M.L.D. 50 was found to be 85 rag. per kilogram (Pig. 2). 


MiHiuiM rsmu. or arim, Airoin:. 

(3a Anlaala) 

* 1 1 U.L-D.gQ Intrsaaotrio 


Succusb«d - 


of 

AniaaXs 


^in 


AiS3lnl«tra*.icn 

(RiUblts) 



5.75 


Ocaag of Sthjrl Alcolial per iCs< 
FIff. 1. 


0 . 0 } 
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(3) M.L.D. 50 of Mixture A: Mixture A (7.25 Gm. of ethyl alcohol (1 
il.L.D. 50 ) and 42.5 mg. of amphetamine sulfate (V^ M.L.D. 50 ) in 37 c.c.) 
contained alcohol and amphetamine in approximately 25 per cent and 0.15 per 



55 70 100 115 


Uga. of Acphataalno Sulfate par Kg. 
Fiff. 2. 



Fie. 3. 


cent concentration, respectively. Varying quantities of this mixture were 
ac ministered to rabbits, and the number of deaths within fourteen davs was 
tabu ated. The amounts of ethyl alcohol per kilogram and amphetamine ‘sulfate 
per kilogram for a given quantity of mixture A solution were then calculated 
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The volume administered varied from 45 to 115 c.c. A series of 63 animals was 
required. The iLL-D.^oof the mixture A solution was found to contain (5.025 
Gm. per kilogram of ethyl alcohol and 05.32 mg. per kilogram of amphetamine 
.sulfate (Fig. 3). 

(4) M.L.D.^nof Mixture H: The procedure was the same as the preceding 
one. llixtiire B {7.25 Gm. of ethyl alcohol (1 M.L.D. jo) and 85 mg. of am- 
phetamine sulfate (1 -M.L.D.yu) >» e.e.) contained alcohol in iipproxunatcly 

25 per cent solution, and ani[)hetamine in approximately 0.3 i)er cent .solution. 
.V volume of solution varying from 47 to 102 c.c. was given to oo animals. The 
M.L.D.goof mixture B contained 5.78 Gm. per kilogram of ethyl alcohol 
and 67.72 mg. per kilogram of amphetamine sulfate (Fig. 4), 



(5) 3I.L.D.^(jof Mixture C: The same technique was employed. Jlixture C 
(3.625 Gm. of ethyl alcohol M.L.D. ^q) and 85 mg. of amphetamine sulfate 
(1 M.L.D. gQ ) in 34 c.c.) contained alcohol in approximately 16 per cent solu- 
tion, and amphetamine in approximately 0.25 per cent solution. A volume of 
solution varying from 62 to 175 c.c. was administered to 99 animals. The 
M.L.D.5oof the mixture C solution was found to contain 5.239 to 5.968 Gm. per 
kilogram of ethyl alcohol and 125 to 140 mg. per kilogram of amphetamine 
sulfate (Fig. 5). It should he noted that even in this large series of animals, 
there was so much individual variation that an exact single value for the liI.L.D.50 
could not be determined, Inasnnrch as the range of values obtained was satis- 
factory to indicate the trend, the experiments were terminated. 

ANALYSIS OF RESULTS AND DISCUSSION 

The results of animal e.xperimentation cannot be strictly applied to man. 
However, in the experiments herein I'eeoi’ded, amphetamine sulfate has exhibited 
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in antagonistic effect in rabbits intoxicated with moderate quantities of alcohol, 
and this seems to confirm the clinical observations previously cited of the 
effectiveness of amphetamine sulfate in acute alcoholic states in man. 




In the letlia! do.se experiments, however, the addition of amphetamine 
sulfate up to 1.5 times the minimum lethal quantity had no effect in protecting 
the rabbits from the ^l.L.D.,,oor more of alcohol. Indeed, the presence of the 
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amphetamine increased the toxicity so that the animals tolerated Jess aieohoi 
(Pig. 6), This snggest.s a clinical danger which is more apparent than real. 
In acute aleoliolie states in man there is pre.seiit a quantity ot alcoliol, wliieli 
rarely, if ever, approaches a lethal amount, becau.se the hypnotic action of 
alcohol u-sually manifests itself long before a lethal rpianfity can be con.sinncil. 
In those clinical conditions, therefore, the use of amphetamine sulfate i.s not 
likely to be attended with the danger of producing increa.scd toxicity. 

In contra.st to thc.so findings, alcohol up to SO per cent of a lethal (piaiitity 
protected the rahhits from l.u times the mininuim letiial ilo.se of amphetamine 
sulfate. This ineroased protection has heen confirmed hy Werner,® previously 
cited. Because of the widespread employment of amphetamine snliate in various 
disease conditions, the jio.ssihility of n.sing alcohol as an antidote in states of 
acute amphetamiue poi.soiiing .should he kept in mind. 

The possibility that tho.se manile.stalions are <luc to disturhanee.s in alxsorp- 
tiun must be eon.sidered. However, if the amphetamine interfered with the 
absorption of the alcohol, there should he ati iiiereased protection against 
alcoiml when largo doses of alcohol and small d<.isc,s of amphetamine are used 
together, imstead of an increased toxicity. I/ikewlse, even if the alcohol iuter- 
fered with the absorption of amphetamine, this would not explain the oeeurreneo 
of the increased toxieit.v to alcohol when large doses of alcoliol and small ilo.ses 
of amphetamine arc employed together. 

.SUMMAUY 

Four hundred twenty-three rabbits were .selected as to age (0 to 15 
moutlis), weight (1.70 to 3.00 kg.), sex (equal numbers), and given solutions of 
amphetamine sulfate and/or ethyl alcohol by stomach tube. The staiulavil 
laboratoiy diet was withheld for over sixteen hours before and after adminB- 
ti'ation. 

The following data were obtained: 

(1) The administration of 5 Gm. per kilogram of alcohol to 13 animals 
produced narcosis (inability after painful stimulus to hop once without losing 
balance) with an onset of 17.4 minutes and a duration of 40S minutes (average). 

(2) The administration of 5 Gm. per kilogram of alcohol with 1 iI.L.D. 50 
(85 mg.) of amphetamine per kilogram to another 13 animals produced narcosis 
with an onset of 55.9 miuute.s and a duration of 307 minutes (average). The 
addition of amphetamine delayed the onset of the narcosis about 200 per cent 
and shortened it about 25 ijer cent. 

(3) The ]M.L.D5oof 25 per cent alcohol (38 animals) mxis 7.25 Gm. pot- 
kilogram. (4) The M.L.D, 5oof 25 per cent amphetamine (68 animals) was So 
mg. per kilogram. (5) The M.L.D. 50 of mixture A (1 M.L.D. 50 of alcohol and 
t/o M.L.D. 50 of amphetamine pex’ unit volume) (63 animals) was 6.025 Gui. 
per kilogram of alcohol xvitli 35.32 mg, per kilogram of amphetamine. (6) The 
M.L.D. 5oof mixture B (1 M.L.D.50of alcohol and 1 kl.L.D. 5oof amphetamine 
per unit volume) (55 animals) was 5.78 Gm. per kilogram of alcohol with 67.72 
mg. per kilogram of amphetamine. (7) The M.L.D. 50 of mixture C (14 M.L.D. 50 
of alcohol and 1 M.L.D. go of amphetamine per unit volume) (99 animals) was 
125 to 140 mg. per kilogram of amphetamine with 5.329 to 5 968 Gm. pet- 
kilogram of alcohol. 
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COXCLUSIOXS 

In the rabbit (1) amphetamine sulfate has an antagonistic effect on the 
narcosis of moderate amounts of ethyl alcohol. (2) It does not have an 
antagonistic action on the narcosis of lethal do.scs, and even increases the toxicity 
of near-lethal quantities. (3) Ethyl alcohol, on the contrary, pi’oteets the animal 
from 1.5 to 2 times the M.L.D.goof amphetamine sulfate. 

In man these findings may lie correlated with the antagonistic effect of 
amphetamine sulfate in acute alcoholic state.s. Inasmueli as such conditions 
involve only moderate quantities of alcohol, and rarely, if ever, near-lethal 
amounts, the possibility of increased toxicity from the amphetamine sulfate- 
ethyl alcohol combination is remote. 

Alcohol may be of value as an antidote in states of acute amphetamine 
poi.soning. 

Grateful acknowledEment is made to Dr. Al. S. Dooley for advice and criticism, to Dr. 

H. P. Smith for statistical analy-ses of the results, and to Dr. John Rowlingrson for technical 
assistance. 
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Acute Hemolytic Axejilv, Leucesioid Eeactiox, axd Purpura ix 
Three Separate Gase.s 


A. Allex Goldbloom, il.D., P.zV.C.P., Louis Greexwalo, M.D., axd 
H. Eeix.steix, 3I.D., New York, N. Y. 


Q ULFAPA'EIDINE, like mo.st otlier potent chcniothepapeutic agents, has con- 
^ comitant .side effcct.s and toxic reactions. A knowledge of these facts cannot 
be loo strongly stressed for the safe admini-stration of the drug. The deleterious 
effect of sulfapyridine on hemopoie.si.s of susceptible individuals is among the 
most dangerous of its toxic action.s. Several cases’"- of bone marrow depression, 
as evidenced by leucopenia with agranulocytosis or thrombocytopenia, have been 
reported from large or even small doses of tiie drug. This is not surprising 
benzene ring is present in sulfapyridine and is capable of causin^r blood 
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I’eaetions affecting the i‘ormei.1 elements ut the blood eithee singly or in eoiubiim- 
tion, producing acute hemolytic anemia, unusual leiicocytosis, or leuccmoid blood 
pictures, leucopenia witli malignant, neutropenia, or agranulocytosis and 
thrombocytopenia with hemorrhagic phenomena. 

To date, there lias been only one report’ ol! leuccmoid reaction due to in- 
ordinate stimulation of the bone marrow by sulfapyridine. ll is, therelore, felt 
worth while to describe three additional cases of serious hone marrow damage 
caused by this drug, which produced this Icucemoid blood picture in addition to 
severe hemolytic anemia in the first two patients, and thrombocytopenic purpura 
in the third patient. 

CASK KKi’oirrs 


Casi; 1. — F. r. (Xo. 105:!30), ii Ita-yoar-olil mule \v:is :u!miiteil on Dec. -5, 191)0, unt 
discluirgcit oil .lull. 1-1, 1910. lie coiiuiliiined o£ iVver, chill?, coiigli with e-spoctoralicm of 
jjreeui.'h, lilooil-stiiiiieii sputiiiii, uiul puiu iii the riglit cheat for si.s iliiys before lulniijiioa. 
PhysieiU exaiiiimitioii reveiilcil air aeiitely ill colored male with taeliypiiea, widened alie 
nasi, duUnes? of ri”;ht upper elie.-.l anteriorly, where liruiiehovesieular lircntliing and crackling 
lalc.s were heard. The clinical iliajguosia of pneumonia of the right upper lobe was cor- 
roborated by x-ray taken the day of aiimission. 

Tlio urine, blood glucose, nnd nonprotein nitrogen on ndiiiission were normal. Tlic 
Wasseruiann test was negative. 

Tlie patient was given ilO grains of sulfapyridine on admi.ssioii (Dec. 25, 1959) im't t-* 
grains every four hours uutil .Jan. 1, IIUO. The temperature, wliieli was 192“ F. on tnlims- 
sioii, dropped to 90° F. by Deceiiiher 27, nnd .-tnyed at a uoriiial level until December oT, 
when it rose to 101° F. for four days. The secondary ri.'O in lempernture on December 51. 
was due to the action of the drug causing a severe hemolytic anemia (Table I) mid m>t 
to the pneumonie process wliieh sliowed eomplete resolution liotli by pliysical signs and x-ray 
on Jan. 1, 19i0. 

It will bo noted that the hemoglohiu of 95 per cent on admission fell to 09 per cent 
after four days of the administration of sulfapyridine, and tlie red blood cells fell from 
4.5 to*3 million. Tliere was a marked leueoeytosis (lil.ObO) willi llie appearance of many 
premature forms in tlie circulating blood. By ,Ian. 1, Ib-tO, tlie red blooil cells had fallen 
to exceedingly low proportions; the hemoglobin fell to 20 jier cent with 1.5 million red blood 
cells. The white blood count rose to 04,800. The patient now exliibited an icteric tinge of 
the skin. The icteric index was 10; the van den Bergli was positive and delayed; urobilin 
excretion was increased in the urine at this time; wet preparation for sickling of erythro- 
cytes was negative. The sulfapyridine was immediately discontinued, and a blood trans- 
fusion was given on tlie same day; tliis was repeated two days later. A bone marrow punc- 
ture rovealetl a hyperactive erytliroiiormoldustic marrow (Table 1). When the temperature 
fell to normal on January 4, the blood rapidly returned to normal, and by January S no 
abnormal elements were seen in tlie blood. The patient’s clinical condition improved rapidly 
and he was discharged, fully recovered, on Jan. 14, 1940. 

The marked acute hemolytic anemia and the marked response of the granulocytic cells 
with many immature forms prodiiecd a leueemoid blood picture in this ease, which lasted 
only a few dajs and responded to blood transfusion after discontinuance of sulfapyridine. 


Case 2.— J. T. (No. 106133), a 49-year-oia male, was admitted on Jan. 17, 1940, and 
disdiarged on Feb. 11, 1940. The patient complained of pain in the left chest, with fever, 
cough, and expectoration of thick sputum for four days. 

Physical examination revealed an acutely ill patient with a temperature of 103° F. 
There were absolute dullness, bronchophony, bronchial brcatliing, and cracklin- rides at the 
left base of the lung. The clinical diagnosis of left lower lobe pneumonia was corroborated 
by x-ray on Jan. 17, 1940. 

The patient was given 30 grains of sulfapyridine on admission. Tills was repeated four 
hours later, and then lo grains were given every four hours. On January 21 and 22, icterus 
developed. The blood count (Table II) showed rapidly developing anemia. The sulfapy- 
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ridine was discontinued on January 22, and blood transfusion was given. Plus was re- 
peated on January 24 and January 28. As the blood chart shows (Table H), there was 
a milder leucemoid reaction in this case than in the former one (Table I), the height of 
the leucocyte rise being only 28,750. Numerous abnormal cells were found in the circulating 
blood. The hemolytic process also seemed milder than in tlie first case. Sickling in wet 
preparations was negative. The bone marrow in this patient (Table II) was similar to the 
previous case and showed a hyperplastic erythronormoblastie tendency. When the patient 
was discharged, he had fully recovered from the toxic effects of sulfapyridine on the blood. 

Case 3. — K., a 50-year-old female, was admitted on Nov. 23, 1939, and discharged 
on Jan. 7, 1910. Her illness began on November 18, with pain in the chest, cough, chill, 
and blood-tinged sputmn. A diagnosis of pneumonia was made prior to admission and about 
GO grains of sulfapyridine were administered daily. She entered the hospital because of 
the increase in chest pain and rise in temperature. 

Physical examination revealed marked dullness, increased tactile and vocal fremitus, 
and fine crepitant rales over the right middle and lower lobes. The clinical diagnosis of 
pneumonia was substantiated by x-ray on November 24, showing clouding in the right side, 
with suggestion of some interlobar pleural thickening. 

The admission temperature was 103° F. Maintenance doses of sulfapyridine (90 
grains in all) were administered. The temperature declined to 98° F. on the third day, 
when bright red blood was expectorated. Two hemorrhagic papillomatous masses were 
observed on either side of the buccal mucous membrane near Stensen’s duct. There were 
elevated red papillae at the borders of the tongue and hemorrhage in the gingival tissue of 
the lower jaw. In addition, there was moderate vaginal bleeding. That night a generalized 
rash was noticed, rvith hemorrhagic papillomatous masses throughout the buccal mucous 
membrane. There was also hemorrhage into the left sclera. The sulfapyridine was discon- 
tinued, and a blood transfusion was given with 500 e.e. of saline and coagamine (thrombo- 
plastin). The following day the patient showed marked pallor. Purpura appeared in scat- 
tered patches over the trunk and extremities, as well as a large ecchymotio area over the 
left thigh. This constituted the height of the toxic reaction. With transfusion, coagamine, 
and time the patient recovered and was discharged well, except for some chronic pneumonitis 
and pleural thickening as a residue of her pneumonia. 

As a study of the blood shows (Table III), this patient entered the hospital with an 
anemia (54 per cent hemoglobin, 3,500,000 red blood cells), undoubtedly due to the admin- 
istration of sulfapyridine. The anemia alone was not considered sufficiently profound to 
withhold sulfapyridine because of the clinical picture of the patient. The purpuric mani- 
festations which developed on the fourth day were of the secondary type of thrombo- 
cytopenic purpura, vdtli low platelet count (25,000), prolonged bleeding time (twenty-five 
minutes) , and delayed clot retraction time. The leucemoid reaction in this patient (35 000 
W.B.C. with 12 per cent neutrophilic myelocytes) was less marked than in the first case, 'but 
still forms an important part of this patient’s toxic reaction to sulfapyridine. The bone 
marrow study here was not significant, because it was taken after transfusion, and it failed 
to show depression or hyperactivity (Table III). 

DISCUSSION 

Although the two drugs sulfanilamide and sulfapyridine are closely related, 
and their to.xic elfects are quite similar, this discussion is concerned with the 
latter drug, and shall be limited to its to.xie action on the blood. This is prob- 
ably the most important toxic effect of sulfapyridine, since it occurs not infre- 
quently, is usually severe, and occasionally is fatal. Some degree of anemia 
IS reported in fully 3 per cent of 3,000 cases that received sulfapyridine » The 
anemia produced by the drug is of the acute hemolytic u-pe, usually' oecui’s 
during the first throe or four days of therapy with rapid hemolysis of the red 
b ood cells, and a rise in serum bilirubin. There is a rapid decline in hemo 
globm and red blood cells to alarmingly low levels of 20 per cent and even 
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to one million red blood cells with all the findings of an acute hemolytic crisis, 
with the presence of frequent normoblasts, anisocytosis, poikilocytosis, frequent 
macroej'’tosis, hyperchromia, pol 3 'chromatophilia, basophilic stippling, and re- 
ticuloeytosis (Fig. 1). The peak of the retieuloeytosis occurs at the third or 
fourth day; in Case 1, to a rise of 25.6 per cent, and in Ca.se 2, to 13.4 per cent. 
The action of the drug appears to be entirely peripheral, because the few bone 
marrow studies, including our own, which have been made in these eases, show 
no depression but rather hyperplasia and increased hematopoietic activity of the 
marrow. The bone marrow in the first two cases (Tables I, II) showed great 
celiularity and hyperplasia, especially of the erythropoietic elements, such as 
an increase in erythroblasts, with normoblasts and occasional megaloblasts (Figs. 
2 and 3). This hyperplasia is undoubtedly due to an attempt on the part of 



Fig. 1. — Showing retieuloeytosis. 


the bone marrow to compensate for the rapid intravascular blood destruction 
in an effort to meet the increasing demands for regeneration in order to combat 
the anemia. The myeloid elements show a moderate degree of hyperplasia with 
a shift to the left. Although the hemolj'sis and anemia are somewhat progressive 
even after the withdrawal of sulfapyridine, the anemia usually improves with 
repeated blood transfusions. It is of interest to note that, with clinical improve- 
ment showing an increase in hemoglobin and red blood cells, the bone marrow 
sliows a corresponding reduction in erythroid cells. 

Since there is no abnormal fragility of the red blood cells in these cases, it 
may be a.ssumed that they are destroj’cd directly by some hemolytic process' or 
indirectly through the retieulo-endothelial system. It is known that the effect 
of suU’apyridiJm on the blood is often selective, causing hemolytic anemia with 
moderate leueocytosis. As with sulfanilamide, the most commonly reported 
damage caused by sulfapyridine is marked reduction of the number of leucocytes 
witli granulocytopenia.^ The mechanism is probably on a basis of maturation 
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ari'est or hyijoplii.sia of the jiramilocytii; serirs in the i)one marrow, .similar to 
that seen following benzol, aminopyrine, ete. I’here has been only one report to 
date of the opposite toxic effects i>rodueing a lencemoiil picture. Lcueemoid 
reactions have been rei)orted by Iteek and llalV and have been observed in over- 
whelming infections more commonly of coceal than bacillary origin, .sepsis, 
uremia, occasional heavy metal poi.sons, measles, infectious mononucleosis, hemo- 
lytic anemia, polycythcTula vera, instances of the lymphomatous diseases, Albers- 
Schonberg disease, and multiple myeloma. The leucocytosis observed resulting 
from sulfanilamide or sulfapyridine may be due to actual irritation of the hone 
marrow rather than to the underlying infection, beeau.se it often occurs when 



Fig. 2. — Poriplierul blood smear showing marked leucocytosis with few myeloeyte.s and 
normoblasts. 

Fig. 3. — Hyperplastic erytlironormoblastic bone marrow- .showing numerous erytlirobl.-n^t-s 
normoblasts, and myeloid elements. 

the infection is on the decline. A diagnosis of leucemia is sometimes ventured, 
but the presence of a potent producing cause, the dramatic clinical improvement 
of the patient, and the rapid return of the blood to normal should offer no difli- 
eulties in excluding leueosi.s. The ease reported by :Moody and Knouf ‘ is similar' 
to those reported here, showing the ratlier common acute hemolytic anemia and 
the very uncommon leiicemoid reaction which responds satisfactorily after blood 
transfusion. 

The occurrence of secondary thrombocytopenic purpura with a mild 
leucemoid reaction, reported in our third case, raises the question of the possible 
allergic reaction of sulfapyridine on the blood. According to the allergic 
theory,’” drugs like sulfanilamide and sulfapyridine produce thrombocytopenic 
purpura sequestration or destruction of platelets caused by widespread 
alteration of the retieulo-endothelial system in persons who have u constitutional 
predisposition with acquired sensitivity to certain drugs. Although the theory 
cannot be easily disproved, Hodes and associates” offer good evidence that 
so far as the leucopenia is concerned, the specifle hematologic reaction patterns 
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are not due to acquired sensitivity, because patients who developed leucopenia 
in their first course of treatment with snlfapyx'idine failed to show similar re- 
action during their second course of treatment. 

It must he admitted that as yet the exact mechanism in which sulfapyridine 
affects the blood and blood-forming organs adversely is not known. Neverthe- 
less, we cannot help feeling strongly that a complete blood count should be done 
to determine the condition of the patient’s blood before administration of the 
drug. Repeated blood counts either daily or at least every other day must 
be done so that toxic effects on the hemoglobin, I’ed blood cells, leucocytes, and 
platelets may be readily detected, the drug discontinued in time, and repeated 
blood transfusion administered to avoid fatal outcome in these unfortunate 
eases. 

COXCLUSIONS 

Unusual toxic reactions of the blood to sulfapyridine are reported in three 
eases with acute hemolytic anemia, and vai’ying grades of leucemoid blood pic- 
tures and associated secondary thrombocytopenic piu’pura. In spite of these 
sei'ious reactions all the cases recovered in a short time after transfusions. Bone 
marrow studies showed erythroblastic hypei'aetivity in the two eases. The 
theories of the effects of the drug on hemopoiesis are discussed. It is believed 
that the marked hemolytic anemia may be evidence of a peinpheral action; the 
leucocytosis an irritation of the myeloid element of the bone marrow; and the 
thrombocytopenic purpura an allergic phenomenon. The importance of frequent 
blood counts on any patient receiving sulfapyridine cannot be overemphasized. 

We wish to thank Professor Linn J. Boyd for the privilege of reporting these cases. 
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PLEl'RAf. SHOCK— A KEFJ.HX* 


Phkliminauy Rki’out 


W.vLTKK L. JI.D., and ^Iaix'odm h. Codmkk, ^I.D. 

Nkw York, .Y. Y. 


F or many years the ctiolotry of pleural slioelc has been debated; men of 
eminence liavc suggested tliat tlie cause is air embolus, while others of equal 
importance believe the condition is rellex in origin. 

Studies have l)een made in which blood pressure, pulse rate, and respira- 
tion have been carefully cliecked. These merely serve to confirm the e-sistence 
of pleural shock, but do not demonstrate its etiology. 

It has been the custom here in the sui-gical laboratory to .sacrifice animals 
by injecting ether into the chc.st cavitj'. Almost immediately after the injection 
the animal has a mild convulsion, I’olls on its back, and within two or three 
minutes is dead, respirations liaving become rapid and shallow, and finally 
ceasing; heart action also stopping after what seems like a short period of in- 
crease in activity. Pupils become dilated; cyanosis is marked. 

It occurred to us that the time elapsed was too sliort to account for the death 
on other than a retlex basis, and that the ether could not have caused an 
anesthetic death in so short a time. We postulated a vagovagal retle.x (pleuro- 
cai-diac) and consulted the literature for support. The rellex was suggested 
as eai’ly as 1865 and has been tentatively confirmed by e.xperimental work in 
which atropine prevented or diminished signs of pleural shock, a.s did vagotomy. 

We, therefore, sacrificed sevei’al rabbits left from other work by injecting 
ether in the pleural cavity, and taking electrocardiograms throughout the pro- 
cedure. We have succeeded in killing rabbits with as little as 0.5 c.c, of ether 
in as little as one minute. Autopsies have revealed no gro.ss evidence of air 
embolism. 

Manometer readings are taken to show that the ether has been injected into 
the pleural cavity. Pressure inerea.ses are relatively small, showing that cardiac 
embarrassment due to mediastinal shift is not responsible for tlie deaths. 

Electrocardiographic tracings are taken in all three limb leads before in- 
sertion of needle into chest. Lead II is then taken after insertion of needle and 
during injection of ether, and until after clinical deatli is evident. TJie records 
show changes in the T-wave, inversion and flattening being pronounced, and 
the take-off high. 


School, New York Medical College. Flower 
pitals , and Metropolitan Hospital, Hivision of Surgery, New York City, 
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We expect to continue this work on rabbits and larger laboratory animals. 
Tracings will also be made on human beings whose chests are entered for thora- 
centesis, pneumothorax, and surgeiy. 



Fig. 1. — a. Normal electrocardiogram of a rabbit: P-waves are positive. Initial complex 
shows low R-wave neither split nor widened. S-T segment is in isoelectric line. T-waves are 
positive, b. Taken 67 seconds after injection, shows tachycardia, short Q-wave. R-wave is 
lower, T-wave is inverted, c. Taken 80 seconds after injection, show's high take-off of S-T sea- 
m^ent and T-wave from the descending part of R-wave. d. Taken 89 seconds after injection 
shmvs arrhythmia, P-waves are not distinctly visible. Ventricular complex is unaltered’ 
e. Taken 131 seconds after injection, shows regular tachycardia with marked high take-off" 
causing almost a monophasic electrocardiograph, ’ 


This report is submitted so that others, dealing mainly with chest pathology 
and with opportunity to apply this investigation to human beings, may check 
our early impres.sions with actual clinical experience. 






ENDOCUTNH ASPECT!^ OF HEADACHES 


•Max a. Cot.oziKiiKU, ^LD., Nmv Youk, N. Y. 


T he i)rul)loiu ul‘ hfiidiielK's lias hccu iavesli.u'aleil irom several viewiioints 
in aeeordaiiee with the faet that iiain may lie eaiised by a variety of patho- 
loiiie iirocesses aft'eetiii;^ the struetnres ol! llie head, as well as by a variety oi 
systemic conditions, both inrecfioiis and metabolic. Iteailaehes abso develop hi 
the absence ol' all orttanic disease as an expression of distiirlianees in the emo- 
tional sphere or ot! a psychoncurotic slate. However, those eillier ot the 
mii^i'aine, or !i less sjK'citic tyiie, I'reciuently oeeiir in patients who do not pre-seul 
any. or not enongli, orj^iinie patlioloj'y to account for their complaints; nor can 
the licadaches be bhuned on nei-vons or mental conditions. 

Tlic occurrence of headaches in patients who consult the endocrinolocfist 
for varied reasons is so eommon that it seemed justified to investigate tlie pos- 
sible causal relationship between eudocriuopathies and attendant metabolic dis- 
orcler-s on the one hand, and the attacks of headaches on the other. 

A series of 50 consecutive cases of severe headaciies is lU'c.sented, most of 
which were of the characteristic miprraine type. All cases, including those 
clinically not classified as migraine, were noteworthy for their severity, fre- 
quency, and refractoriness to ordinary palliative treatment. Organic pathology 
or systemic disease as the cause of these headaches could be ruled out by thor- 
ough clinical examination. 

Oliguria was a distinct feature, for the twenty-four-hour urine output was 
less than 1,000 c.e. in the majority of these cases. The daily urinary volume 
was above that ligurc in one-third of the group, with a maximum of l.TSO e.e. 
in one patient; but all these patients admitted an inereased liipiid intake. The 
twenty-four-hour urine specimens showed an average sodium chloride content 
of only 6.7 Gm. in spite of the fact that a good majority of the iiatients admitted 
an increased liking for, and consumption of, salty food. 

A salt tolerance test was performed on all patients. It consisted of the 
administration of 10 Gm. of sodium chloride and 250 c.e. of water in addition 
to the identical food and liquid intake of the preceding control day. There was 
a rise of the twenty-four-hour salt excrclion to 9.4 Gm. as an average, indica- 
tive of a retention of <3 per cent of the test salt for the wliole grouj). Only 
6 persons showed complete elimination of the added 10 Gm. of .salt. On the 
other hand, complete retention of the test salt was noted in a similar number 
of cases, wliile the chloride excretion after salt intake was actually smaller than 
on the control day in 8 persons. 
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The twenty-four-hour urinary volume averaged 1,040 c.e. for the whole 
series; it decreased to 947 c.e. on the test day in spite of the fact that the liquid 
intake was 250 c.e. higher. In other words, the average retention was 343 c.e. 
It might he mentioned that water was retained in only one of the 6 patients who 
did not retain salt, whereas the other 5 eliminated increased amounts of urine. 
Thirty-two patients, i.e., a ma.'jority of the group, showed an actual decrease in 
urine output, and a slight increase, but less than the 250 c.e. of additional liquid 
intake, was noticeable in the remaining 13. 

Estimation of blood chlorides caiTied out on whole blood was not found 
enlightening until the studj’^ was extended to the examination of chlorides sepa- 
rately in red blood cells and plasma. 

The values for chlorides in the whole blood were found within the normal 
range from 480 to 510 mg. per cent. Higher values up to 530 mg. per cent were 
obtained only in 10 persons. The sodium chloride content of the red blood cells, 
however, ranged from 390 to 430 mg. per cent, exceeding the upper limit of our 
normal figures (380 mg. per cent) in 32 eases, that is, in 64 per cent of the series. 

Studies of the sodium content of the blood were carried out only on the 
last 10 patients of this group. The values found varied between 230 and 264 
mg. per cent, whereas control figures obtained with the same methods reveal 
the normal sodium level at 200 to 220 mg. per cent. 

Determination of the basal metabolism showed that the average rate for 
the group was minus 10 ; the individual figures varied from minus 27 to plus 13, 
with the majority of the group wmll below minus 10. The specific dynamic 
action of proteins determined two hours after the intake of a small protein meal 
revealed an average increase of the metabolic rate of only 5 points. No rise at 
all was noted in almost one-half of the group; a considerable increase of the 
specific dynamic action of 23 to 28 points was observed in 6 persons. Upon 
elimination of these few patients who seem to deserve special consideration, the 
remaining 44 showed an average specific dynamic action as low as 2 points. 

The fasting blood sugar ranged from 65 to 108 mg. per cent, with an aver- 
age of 85 mg. per cent which is close to the lower limit of our normal range. 
Uric acid values were found to be from 2.2 to 4.8 mg. per cent, with an average 
of 3.4 mg. per cent which is definitely above normal. The differential count 
of the white blood cells showed variations of the lymphocyte count from 12 to 
55 per cent, yet the average was 36 per cent, definitely connoting a relative 
lymphocytosis. 

DI.SCUSSION 

Our study seems to show the definite tendency in our group of patients 
to produce a low volume of urine with reduced sodium chloride output. There 
is marked retention of salt during the performance of the salt tolerance test 
accompanied by water retention, which in some of the eases became visible in 
the form of swellings or seemed to precipitate a migraine spell. Clinically two 
facts deserve emphasis: (1) the frequency of demonstrable vasomotor disturb- 
ances, such as white dermographism, togetlier with a variety of related clinical 
manifestations, such as urticaria, Quincke’s edema, rhinitis, and “sinus 
trouble”; (2) the prevalence of endocrine stigmatization. The latter includes 
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first of all, the physical appearance of tlie patients wlio seem to fall mainly 
into two groups. One group inehuled patients of both sexes who were tall, lean, 
and of slightly or definitely eunuehoitlal proportions, while most of the paticnU 
of the other groiij) showed peripelvie fat de])osits such as are thought to be 
eharaeleristie for pituitary insuflieieney. The pattern or changes de.scrihed a> 
characteristic for a disturbed .state of pituitary function (( ioldziehcr) conforms 
with the trend demonstrable in this group: low ba.sal metabolism, dccrea.sttl 
si)eeific dynamic action of itroteins, relative lymphocytosis, increased uric acid, 
and low normal fasting blood sugar. 


That migraine is likely to occur in individuals, earmarked by their physical 
appearance as being affected with a disturbance ot pituitary lunetion, ''as 
stressed long ago by Timme, who suggested that the migraine attack might be 
l)recipitated by i)ressure of an eidarged pituitary upon tlie intracranial tissues. 
Such an enlargement might be the result of an increased blood and lymi)h ilo" 
to this gland, similar to the directly observable change in volume oi the thytoid. 
Timme deserves credit for having pointed out the fre(iucnt coincidence of pi- 
tuitary stigmatization and habitual headaches in as.sociation with angioneurotic 
manifestations, such as urticaria, hay fever, or asthma. Vet his explanation oi 
increased intracranial pre.ssurc as the result of swelling ami temporary enlarge- 
ment of the pituitary is not tenable. X-ray stiulics show that the sella turcica 
was, in two of three eases, either enclosed by overlai)ping clinoid processes, or 
its aperture was jiarrowed to such an extent that bulging of the pituitary into 
the cranial cavity does not .seem to be eonceivable. An enlarged sella with an 
aperture wide enough to permit the pituitary to bulge into the cranial cavity 
was encountered only exceptionally in our series. 

The relationship of the pituitary to iiitraeraiiial pre.ssure, and the causation 
of headaches, has aroused renewed interest through the findings of Riley, Brick- 
ner, and Kurzrok, who demonstrated the api)earance of the pituitary gonado- 
tropic hormone in the urine, generally from one to six days before the onset ot 
a migraine spell. The hormone disappeared on tlie day of the attack, and occa- 
sionally appeared Avithout being followed by headache. The excretion of the 
gonadotropic hormone was practically continuous in two patients with status 
migrainicus. 

The findings of Riley and eo-workers gained added significance through the 
studies of Kraus, avIio showed tliat increased intracranial pressure, regardless 
of its cause, stimulates the pituitary gland and causes hypertropiiy' of the 
anterior lobe. This hypertropliy is the anatomic e.xprcssion of functional over- 
activity, demonstrated directly by tlie appearance of the gonadotropic hornioiic 
in the urine, and indirectly by tiie development of follicular cysts of the ovaries 
(Kraus). 


The findings of Kraus permit the reinterpretation of the observations of 
Riley and associates in the sense that the increased excretion of gonadotropic 
hormone in migraine eases is the consec[uence of the increased intracranial pres- 
sure that precedes and eventuallj' elicits the migraine attack. That increased 
intracranial px’essure is capable of causing pain needs no argument. As a mat- 
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ter of fact, pressure or pull on the dura mater, and particularly the dural 
blood vessels, is considered to be the cause of most headaches (Pickering, Pen- 
field, and Me Naughton). 

The mechanism of these fimctional headaches can be summarized as follows ; 
Due to intracellular retention of salt, and especially of sodium, there is greater- 
avidity of the tissues for water; the attack ensues if increased permeability of 
the capillaries, as a result of abnormal irritability of the vasomotors, permits a 
greater flow of moisture to the tissues. The retention of water and subsequent 
swelling of the tissues within the rigid cranium causes pain which lasts until the 
water is released through some process of adaptation in which the pituitary 
is again concerned in some way. The observation that termination of a migraine 
attack is often accompanied by polyuria is in accord with this view. As further 
corroboration, we should add tliat such headaches are quite common in women 
in connection with the menstrual period; they set in just preceding the 
menstruation, at a time when watev retention is a physiologic event. These 
menstrual headaches are the best examples for the prevalence and combination 
of the two responsible factors ; rvater retention and vasomotor instability. The 
former is proved by the premenstrual gain and postmenstrual loss in weight, 
while the increased capillary permeability of the premenstrual period is actually 
demonstrated by the “blister technique” on the skin of normally menstruating 
women (Peterson and Miller). 

In contradistinction to the mechanism of these headaches, which seems to 
be clarified, the underlying pathology remains an open question. A constitu- 
tional, and often familial, element appears to be one of the factors which in- 
cludes instability of the vegetative nervous system, pai-ticularly in respect to 
the vasomotors. Environmental factors, such as emotional upsets, nervous strain 
and fatigue, allergic phenomena, or endocrine disturbances are likely to 
aggravate the vasomotor neurosis. The influence of hormones upon the function 
of the capillary system is demonstrable experimentally, and clearly shown by 
clinical observation on menopausal women or castrates. Their outstanding com- 
plaints are referable to vasomotor disturbances, which respond well to estrogens, 
just as the flushes and allied symptoms occasionally noted in the middle-aged 
male, are relieved by administration of the male sex hormone. 

Vasomotor disturbances alone do not cause headaches unless they are asso- 
ciated with a hydropexic state. The retention of water might be the result 
of long-continued, adverse nutritional habits, such as the excessive intake of 
salt, polydipsia, a diet low in proteins and high in carbohydrates with vitamin 
deficiency, as an added possibility. Barring extreme dietary indiscretions, how- 
ever, it is unlikely that the normal human body, characterized by its po\TCr of 
adaptation, should be unable to take care of an overabundance of water or of 
food regardle.ss of how unsuitable its composition. Hence, we must postulate a 
breakdown in the physiologic regulation of salt and water metabolism, such as 
that obtained in various endocrinopathies. The prevalence of endocrine 
stigmatization in patients suffering from headaches fulfills this po.stulate but 
does not answer the ciuestion as to the nature of the endocrinopathy involved 
nor as to the hormonal factors that upset salt and water metabolism.' ’ 
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Deficiency oi' thyroid function may iie one of tlie causes. It is well known 
tliat tlie iny.xedeniatou.s patient retains water anti promptly resiionds to ailiuiiiis- 
tration of tliyroid e.xtraet witli inerea.sed diuresis. Hvidence of hypotliyfoidism, 
such as short stature, sliortness of e.xtremities, firm and dry integimient, low 
basal metabolism, and elevated blood cholesterol, is obtained in ([uite a fuff, 
but certainly not in the majority, of the patients with endocrine headache. 

The significance of the adrenal cortical hormone in respect to salt and water 
metabolism is shown both in the adrenaleetomizctl animal and the patient with 
Addison’s disease who are unaijle to I'etain .sodium chloride and water normally. 
Correspondingly, administration of dc.so.xycorticosterone in e.xce.ssive ([Uantitius 
causes salt and water retention with inerea.sed blood prc-ssiire and visible cduiiu. 
Clinically, however’, there is no evidence of abnormal adrenal function in the 
headache patients, hence it would .seem that the cortical hormone has no direct 
bearing upon our problem. 

The ojrposite can be said in respect to the pituitary. Evidence of disordered 
function of the piuitary was our most common clinical finding, ([uite in accord- 
unee with Timme's observations. Pituitary hormonal factors of known metabolic 
activity include both those of the anterior anil posterior lobes. The anti- 
diuretic hormone of the posterior lobe is supposed to act chiefly by interference 
with renal secretion. Important evidence, however, points also to effects directly 
upon the water content of tlie peripheral ti.ssues. Experiments on frogs in- 
jected with posterior lobe extracts and submei-sed in ivater have shown that these 
animals gain weight by direct ah.sorption and retention of water indeiiendciitly 
from the function of their kidneys (Bninn). Increased water content of the 
tissues following injection of posterior lobe extract was actually demonstrated 
by several investigators (Ilines and co-workers, Heller and Smirk). It is sig- 
nificant, moreover, that the antidiurelie efl’ect of the pituitary extract is soon 
followed by increased diuresis and elimination of chlorides. This justifies the 
assumption that tissue cells react to tlie posterior pituitary hormone, first with 
increased hydration, and subsequently after the elfeet of the hormone has worn 
off, with release of water and intraecllulariy stored sodium chloride. 

Anterior lobe extracts have been shown to be diuretic (Teel) ; it was thought 
that this effect is referable to tiie thyrotropic hormone. It has been shown, how- 
ever, that anterior lobe diuresis is independent of the thyrotropic factor 
(j\Iahoney and bheehan) and Is related to metabolic phenomena of a more com- 
plex natui’e (Richter). At any rate, the diuretic clfoets of the anterior lobe 
explain the apparent antagonism of the two lobes of the pituitary in respect to 
diabetes insipidus, for this syndrome develops with impairment of the posterior 
lobe, but only in the presence of functionally active anterior lobe tissue (v- 
Hami) . 

The activity of the anterior lobe enters consideration also in view of it^’ 
gonadotropic secretion, which is the prerequisite of normal gonad function. 
The significance of estrogens for water metabolism has been pointed out in recent 
years by experiments in animals and women (Thorn and associates). The w-ater 
retention produced by estrogens is in agi-eemeiit with the fact that women retain 
water and gam weight at a time when the blood estrogen reaches its peak (At- 
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kinson and Ivy). OUgxiTia and refractoriness to diuretic procedures at tMs 
time are prevalent (Heilig). This is in sticking contrast to the loss of weight and 
noticeable polyui’ia with increased elimination of sodium chloride (Thorn and 
associates) at the time of the postmenstrnal low estrogen phase. Swelling of 
the face, extremities, or other parts of the body, common in the course of the 
premenstrual retention phase, is likely to subside promptly with the onset of the 
period (Sweeney). 

Among the hydrating factors of hormonal nature, insulin must be men- 
tioned, the injection of which causes water retention and may lead to visible 
edema. While there is no clinical evidence in our group of patients to inculpate 
the pancreatic islands and to assume an excess of insulin production, it would 
seem that the hydrating effects of insulin have considerable bearing upon the 
dietary management of the patient with headache. A diet rich in carbohydrates, 
especially in those directly convertible into glucose, is likely to stimulate insulin 
secretion and thus favor retention of water. 


TREATMENT 


Arguments “ex juvantibus” are usually dismissed as complacent and 
uncritical. If therapeutic procedures, however, are instituted for the correction 
of demonstrable metabolic abnormalities, and accomplishment of this task is 
associated with favorable clinical results, the therapeutic test stands up as 
additional evidence and should not be ignored. In the whole group of 50 pa- 
tients, there was only one, a highly neurotic woman, who showed little improve- 
ment. It is significant that this patient was one of the few who showed no 
water retention and only a moderate (40 per cent) retention of the test salt. 
Forty patients, that is, 80 per cent, were completely and permanently relieved 
by treatment, while 9 showed considerable improvement both as to frequency 
and severity of their headaches. 


This so successful treatment consisted of three elements : diet, medication, 
and endocrine therapy. The principles of the diet are largely the same as those 
outlined by Foldes; restriction of salt and liquid intake, high protein content 
with emphasis on purine-rich meats (liver, sweetbread, sardines), and con- 
siderable reduction in the consumption of carbohydrates. Pats are limited in 
the overweight, but are liberally given in the underweight patient. 

The medication is based on two principles; mobilization and increased 
elimination of sodium, and correction of the imbalance of the vegetative nerv- 
ous system. Ammonium chloride or potassium acetate given intermittently 
accomplishes the former and should be applied in the first two or three weeks 
of the treatirmit. Atropine combined with phenobarbital or preparatioms like 
helladenal are apt to accomplish the .second part of our task. In patients with 
increased blood pressure, the use of bellergal seems to be preferable. 


Eiulocrine medication consists of thyroid and pituitaiy extracts. It is fal- 
lacious to gauge the dosage of thyroid by the Imsal metaljolie rate of the pa- 
tient. Tlie actual needs are best cletermined empirically, starting with 0*5 
grain daily and gradually increasing the do.sage to not more than 2, or at the 
lit most :5, grains daily. The patient’s pulse rate is the best guide for tllyroid 
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medication; slowing down ol' the piil-se rate calls for increased, and undue 
acceleration for decreased, thyroid dosage. Injection of posterior pituitar}’ 
extract is of great value, for increa.sed diure.sis ami salt elimination follow 
after the initial antidiuretic etfect has worn off. The injections should be 
properly spaced and given not more often than twice a week. The initial dose 
is 3 minims, with iiicremcnts of one minim each time until mild abdominal 
cramps indicate tliat tolerance has been exceeded. The.se injections are given 
preferably in combination with a fresh and potent anterior Jobe extract, espe- 
cially in the presence of menstrual disturbances or other evidence of pituitary 
deficiency. 

This ti-eatment should be kept up for a period of about three months, 
ftiibsequently, both injections and medication are discontinued without the 
danger of recurrence, provided the .spirit of tlio dietary management is kept 
alive. In other words, tlie.se patient.s must limit permanently the intake of 
salt and water and adhere to a high jirotein. low earhohydrato diet. Iligi'l 
dieting is not necessary, but overindiilgenee cither in eari)ohydrate.s or in 
liquid eon.sumption was resjionsible for relapses in several of our patients. 
Such recurrenees promptly yielded to renewed enforcement of the original diet- 


.S(T.AI.\I.VKY 

A series of 50 easc.s of lieadaehe.s, observed in endocrine patients, is pve- 
.sented, and evidence is submitted to .shoiv a general trend of sodium ehloriclc 
and water retention. Stigmas pointing to an endocrine background were 
prevalent; they include: lower basal metabolism, decreased specific dymindc 
action of proteins, relative lymphocytosis, higher values for uric acid, .sodium 
and ehloi-idcs in the blood, lower blood sugar, and abnormalities in the con- 
figuration of the sella turcica. 

Endocrine headaches, including migraine headaches, are explained as the 
result of iuere.ased intracranial pressure. They develop ivlien increased perme- 
ability of the capillaries permits increased fiow of water to, and subsequent 
retention in, tissues which have stoi'cd abnormal quantities of sodium .salts. 

The retentional type of eudoerine headaclic can be recognized by the de- 
creased output of sodium chloride and water on pez-forming the salt tolerance 
test. 

The znechaziism by means of whicli endocrine factors cause increased hy- 
dration of tissues is discussed. 

The successful treatment of endocz’iiie headaches consists of <i high protein 
diet with restriction of salt, liquid, and czu'bohydrate intzike, of iziedication 
with aminoniuzn or potassium salts aizd belladoiiiza preparatiozzs, azid of ezido- 
erine substitution therapy with thyroid and pituitary extracts. 
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THE INFLUENCE OP TIME AND VOLUME FACTORS ON VENOUS 
PRESSURE RESPONSES TO PHYSIOLOGIC SALINE 
INJECTED INTRAVENOUSLY* 


■Joseph J. Lalich,! M.D., and Paul H. Lorhan, SI.D., Kansas City, Kan. 


OOHNHEIM and Lichtheim^ demonstrated that a 0.06 per cent saline solution 
^ would elevate venous pressures without markedly affecting the arterial blood 
pressure. This finding was corroborated by subsequent investigators,-'® who 
discovered that the systolic output and the size of the heart in diastole were 
dependent on the elevation of the venous pressure. Caughey® suggested that 
venous pressure responses to intravenous saline be adopted as a test of cardiac 
function in human subjects, for which purpose he injected 1,500 c.c. of normal 
saline in thirty minutes. Gilligan and co-workers' observed venous pressure 
responses to intravenous normal saline or to a 5 per cent glucose salt solution 
in hospital patients without heart disease. Tliey concluded that, although venous 
prc.s.sure variations are dependent on the volume of fluid injected, the increment 
of venous pressure increase did not necessarily follow the degi-ee of blood dilu- 
tion. 

Studies indicate that the time interval, and the volume of fluid injected are 
tlie factors which may modify venous pres.sure responses. Caughey controlled 
thcj^ie interval without correcting for tlie volume of fluid injected. Gilligan 

•From Urn Hixon L;il)oratory for MwUc.a Research. lTnivtr,iUy of Kan.-^ax Kansas f'irx- 
turcon rc.xL-arch modical fellowship. ' City. 
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studied blood dilution with vuriations in the time interval. No e-xperiincnts ins 
reported in wliieh both the time and vohitno fa<;tor.s were eonti'olled and .studicil. 
In this study either tin* time interval or tlie volume i'aelor was eonstaut, wliile 
tile other variable was ehanped in order to determine the limits within whidi 
these factors iniluonee venous pressure, 

.METHOD 

Normal Iiealthy adult do"s were anesthetized \vith intraperitoneal injections 
of 30 ni". per kilopu-am of sodium jientobarbital.'* One and one-half iiieli No. IS 
needles were used both for injection ami measurement of venous pre.ssure. Nor- 
mal saline solution heated to body temperature was injected at a continuous rate 
into the vein of the forelej' by means of hyilrostatie pre.ssnre from a itraduatoi 
tiask. Direct venous !>re.ssure measurements were made from the vein of tlie 
hindlc" with a continuous drip .saline manometer devised for the c-Kpenmcnt. 
In a manometer of this type the rcsjiiratory movements may he olwcrved con- 
tinuously, while the constant How of 15 to 20 drops of saline .solntion tier minute 
prevented eoajiulation of the blootl within the. needle. At a rate of 15 drop.s per 
minute, 33 mm. of saline are necc.ssary to overcome tlio resistance of the rubber 
tube and of the needle distal to the manometer. With the bottom of the 
manometer at the appimimate center of the heart, the 33 mm. factor was .sub- 
tracted from the observed readinp. in order to obtain actual venous pressure 
%'ahies. Respiratory tluctuation.s, and the velocity with wliieh the added saliuc 
in the manometer dropjied to the level at wliieli pre.s.snre.s were in eijuilihviuni, 
were the moans used to eheek for obstruction within the nieasuriii'-r needle. Tbc 
blood volume was ealeulated as ono-eleventli of the iiody weight, and the normal 
saline injected is exprc.sscd as a pereenta.ue of this estimated volume. The 
change in venous pressure during the eour.se of the e.xperimeut is exprc.s.sod m 
millimetei-s of saline. In tlie shorter exiieriments venous (ire.ssure and volume 
inflow' readings were olwervod every two or three minutes, M'hci-eas in the longer 
experiments tlie.se oh.servatioiis were usually cliecked every five minutes, A total 
of 83 experiments on 25 dogs wore carried out. Ten control experiments in 
cvhicli venous pressures were measured for fifteen-minute intervals showed the 
normal variations under surgical anesthesia to lie le.ss than ± 10 mm. of saline. 
Fifty experiments were performed with the time interval fixed at fifteen minutes, 
while the inflow was ehanged. Another 23 experiments were carried out with 
the fluid inflow fixed at approximately 50 per cent of the calculated blood 
volume, while the time was varied, 

RESULTS 

The results have been expressed in graphic form for sake of brevity, and 
to illustrate the variability of response in normal dogs under surgical anesthesia. 
Each point in Graphs 1 and 2 represents the total fluid inflow, and the change 
of A'cnous pres.sin’e in millimeters of saline during tlie course of one experiment. 
The broken lines representing the most pi'obablc response have been drawn so 
as to divide the points ecpially. 


•Donated through the conrtes>- of the Abbott Laboratories. 
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INFLUEKCE OF TIME AND VOLUME FACTORS 

Graph 1 illustrates that, with the time interval fixed at fifteen minutes, 
greater volumes of normal saline produce greater increments in venous pres- 
sure. Volumes gi-eater than 10 per cent of the blood volume have to he injected 
in this time interval before any increase in venous pressru'e may be expected. 
Injections equal to 75 per cent of the blood volume in fifteen minutes produced 
the maximal response of venous pressure rise to 89 mm, of saline. 



VOLUME IN PERCENT 


Graph 1. — Fluid injected expressed in percentage of estimated blood volume. 



TIME IN MINUTES 


Graph 2. — Saline injected equals 50 per cent estimated blood volume. Tlie volume is constant 

and the time interval is altered. 


Graph 2 shows tliat with tlie amount of normal saline injected maintained 
at approximately 50 per cent of the blood volume; as the time interval of 
injection is prolonged, the increase in venous pressure becomes progressively 
less, so that beyond forty-live minutes an animal may show no increase in 
venous pressure. 
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]\Ioderate pressure, produced by placing one’s hand on the animal’s chest, 
caused an increase of venous pressure from 4 to 15 mm. of saline. During the 
experiment the heart rate usually accelerated and the apex impulse became 
more forceful. If the animals shivered or stretched their extremities, venous 
pressures would increase from 10 to 30 mm. of saline. Kespiratory movements 
showed that inspiration produced depression in the venous pressure measuring 
2 to 5 mm. of saline, which returned to the original level during expiration. 
The majority of initial venous pressure readings of saline were between 50 and 
70 mm., the lowest value was 29 mm., and the highest was 105 mm. 

CONCLUSIONS 

1. Both the volume of normal saline injected and the time interval are 
capable of altering the response of venous pressure to intravenous fluids. 

2. With a fixed time interval of fifteen minutes, volumes less than 10 per 
cent of the calculated blood volume may cause no change in venous pressure. 

3. Volumes of saline equal to 50 per cent of the calculated blood volume 
will show a slight or no increase in venous pressure if the time interval exceeds 
forty-five minutes. 

4. Intravenous saline solution equal to 75 per cent of the calculated blood 
volume injected in fifteen minutes is tolerated without harmful effects. 
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OiJSKKVATIOXS ON TIIK USK 01-’ PnOSTIOJtINi: : A ClIXIC-U. AXI) 
Expeukmkxtal E epokt 


Jacob IMeveh, Sr.D., and H. Nechem-.-;, -A[.D., Ph.D. 
Chicago, Ii.e. 


C linical and experimental observations on tlie use of prostigmme as an 
aid in the treatment of cardiospasm and me"a-e.soplia<ius are reporter 
The accepted therapy’ for cardiospasm in the past has been (a) Kastrie lavage, 
(b) dilatation of the cardia; (e) the use of antispasmodics. Psyehotherap}. 
diathermy,' and vitamin iiave been reported to be of value. ^ These mea.v 
nres have been elYectivc to a dejiree in relicvingr the jiaticnt of di.seomiort an 
in improviii" his general nutrition. The e-sojihagns has in most instaiiees rt 
mained the same size, and patients have iunl recurrent .symptoms but with a 
minimum of discomfort despite the large esoiihagus. .Mueii evidenee has ac- 
cumulated recently to show tliat in a number of instances cardiospasm 
related to damage to vagus Hbei-s or to damage and lo.ss of ganglion cells ot 
the mjmnterie plexus of the e.sophagus at the cardia.^ 

The theory of Hurst and a.s.soeiafes' projvosed tiiat following destruction 
of the para.sympathetie myenterie plexus, the .sympathetic nerves act unop- 
posed and keep the cardia closed, so that the normal opening rellex of the 
cai-dia cannot take place at swallowing'- “ and dysiiliagia occurs, with gradua 
dilatation of the esophagus. This theory is supported indirectly by observa- 
tions of Klee' on the eat: after .section of the splanchnic neiwes the cardia 
lost its power to open veflexly. This is comparable to the tonic “locking 
of certain muscles in mollusks after sectioning of their motor nerve. The term 
“achalasia” is certainly better than “cardiosiiasm,” although it may not eovei 
the entire field of clinical experionce.s. It is difficult to conceive, f.i. that degen- 
erative changes in the myenteric plexus of the esophagus occur in cases of 
functional obsti’uction of the cardia in hysteria ; or in reflex disturbances from 
the abdominal viscera which sometime,s improv-e after operation (cholecystitix 
appendicitis, etc.). Eeeently, intractable cardiospasm has boon relieved suc- 
cessfully by bilateral ceiwieothoraeie sympathetic ganglioneetomy.'* This mn.' 
be considered as proof of sympathetic achalasia, although a longer period of 
time is necessaiy for judging the permanency of the beneficial eft'eets of the 
opex-ation. 

Prom the foregoing, drug therapj- for achalasia and mega-esophagus eau 
be elaborated on a logical basis, assuming tliat we are dealing with a true 

‘From the Departments of Medicine and of Gastro-Intestinal Rescarcli. Micliael Beese 
Hospital, Ghicaso. 
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achalasia, that is, a condition in which degenerative changes have taken place 
in the myenteric plexus of the lower esophagus, through which the parasym- 
pathetic nerves effect normal peristalsis. Drugs that affect the paimsympa- 
thetic system may be used to produce increased tonus and peristalsis of the 
esophagus, and thus push the food into the stomach. At first, we assumed 
that some parts of the plexus, upon which these drugs would act, were still 
finictioning. Dater we found that certain parasympatheticotropic drugs act 
not only on parasympathetic endings, but also on the smooth musculature 
directly (v.i.). Eserine and prostigmine were employed, the latter being the 
drug of choice because it lacks the disagreeable by-effects of the former. 

We first made observations on two patients with very pronounced dilata- 
tion of the esophagus of eleven and twelve years’ duration. The histories are 
briefly summarized below. At the beginning of the study we made certain 
that there was no organic stricture or stenosis of the esophagus. This is a 
precaution which Ave feel is necessary to emphasize. 

31. F., female, aged 21 years, was admitted to the Michael Reese Hospital on May S, 
1938, because of right lower lobe pneumonia. During convalescence the patient reported 
that she had a “stricture” of the esopliagus and difBculty in swallowing food. The history 
revealed that the symptom began rather suddenly at the age of 12 and was associated rvith 
a severe emotional conflict with her parents. At this time slie rvas admitted to the Sarah 
Morris Hospital and treated for esophageal “stricture” by dilatation. After a short stay 
in the hospital her condition improved and she was discharged. In 1929 she was readmitted 
to ilichael Reese Hospital because of a cough and loss of weight. A dilated esophagus was 
noted. Fluoroscopy and roentgen examination (July 21, 1929) showed mega-esophagus and 
cardiospasm. Following repeated dilatation of the cardia her condition again improved. 
Studies during the patient’s convalescence on her last admission to the hospital on May 19, 
193S, revealed a marked dilatation of the intrathoracie and apparently diaphragmatic portion 
of the esophagus, with a constriction just above the stomach. On May 27, 1938, an attempt 
to pass a dilator bougie through the cardio-esophageal hiatus was unsuccessful. The patient 
was given physostigmine per os 1/150 grain daily, with daily gastric lavage followed by 
dilatation with a Mosher dilator for one week. This made her feel better and she had less 
difficulty in getting the food to “go down.” She was discharged from the hospital on 
June 16, 1938, and observation was continued in the clinic. At this time the following 
routine procedure was pursued: Dilatation was discontinued. Prostigmine* was given by 
mouth, 15 mg. three times daily, and the patient was advised to return to the clinic in four 
weeks. At the end of this period she was reported to be improved. Swallowing of solids 
was better, and she did not need to drink fluids to force food down. Nevertheless the 
patient requested dilatation since she felt that this procedure, in addition to the prostigmine 
had helped her. Dilatations by the Mosher dilator, at approximately two-week intervals” 
and then at monthly intervals, were continued. Roentgenograms and fluoroscopic observa- 
tions of the esophagus were made over the period, and it appeared that the esophan-us was 
smaller. “ 

We have observed this patient for over two years. During periods when 
prostigmine was withheld, the patient would return with more complaints and 
ask that the drug be coutimied. This was true even though she had had 
periodic dilatation of the cardia. The patient had been dilated previously at 
other institutions, hut she had not e.xperiouccd the same degree of improvement 

fi-om prostigmine and dilatation. She had also undergone an extensive course 

•SupDlled by lIoffiuann-LaRoche Co. 
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of psychotherapeutic trcatiiienl at another institution with no apparent improve- 
ment. Tlie patient admit.s that her symptoms aix- a/'^ravaled (luring severe 
emotional strain. 

As a final check, we matle tluoroscopic observations of the effect of the 
injection of prostigmine on the c.sophagus of this patient. Under tluoroscopic 
observation a barium meal was administered and 1 mg. of piustigmine was 
injected intramuscularly. Fifteen minutes later increased peristalsis and tonus 
(which reached its peak in twenty minutes) were observed. The increased con- 
tractions of the e.sojdiagus were particularly marked above the cardia, and the 
barium meal was emjrticd rapidly into the stomach. Intjaimuseular injections 
of 0.5 mg. of adreindine hydrochloride had no visible eft'ect on the csopliagas. 

1{. X., femaks aged iO year;!, was adiiiitltat li> tlie .Michael Iteese Ilo.-ipital an .Vujjuit 
0, 10S7, alter live iiay.s of repeated emesis. The past history revejiled that she had a 
eholeeysteetoijjy in tid'S, ami .sulj.'-etpient to thi.s Jmd develi>j)ed a large esopliagus fur which 
she had repfatc‘<l dilatation witli moderate relief. In IPiSli the patient hail a tliyroideetuni). 
Slie was an emotional person, with ipiite a complicated social haekgrouiid. X-ray revealed 
an unusually large esopliagus. Tlio patient was placed on prostiginine, per os, 1.^ mg. three 
tinie.s daily, and later twice daily, and has been receiving same intermittently for approve 
mutely two years. At first slie .-eemed to be di.stinefly imimoved, but a.s slie became adjusted 
to the huge dilatation, it was most ililHeult to determine what sym[>tomatic improvement we 
were obtaining. Iloth dilatation by Mo.-lier dilator and prostigmine seemed to improve her 
condition, and like the other patient, .she e,\pre.sso<l the opinion that tlie prostigmine made her 
feel better. Ou tlie otlier hand, .she bad .so many emotional eoniliets that it was hard to 
evaluate the improvement. 

Tlie elTeet of prostigmine (and otlier drugs) on tlie esophagiis was tested under tluoro- 
scopie observation. At 9 .v.it. 1/150 grain of atropine sulfate was injected intramuseularly. 
The patient’s blood pressure was systolic 110 and diastolic St at 10 a.m. -U 10:15 .wM. 
barium milk mLxture was given, but the initieut managed with dillieiilty to drink about 
% eup. The esopliagus was seen fairly filled, with shallow i>eristaItio wave.s traveling down- 
ward. At 10:30 A..M. 1 e.e. of J:g,000 ergotamine tartrate was administered intramuscularly. 
One minute later much deeper and much more frequent waves were observed moving down 
the esophagus than before. At 10:50 ,\..m. the blood pressure was systolic 100 and diastoUe 
70. More barium mi-xture was given, and slmllow peristaltic w:ives were observed. One-half 
milligram of prostigmine was injected inframusculnrJy. The depth of tho peristaltic waves 
increased within a few minutes, at times giving the impression of contraction rings traveling 
down the esophagus, and a greater frequency of peristalsis :ind increase of tone of the 
organ was observed. .Yt 11 a.m. the blood pressure wa.H systolic IIS and diastolic S5. One 
milligram of adrenalin liydrocblorido was injected intramuseularly. Peristalsis, which after 
the injection of prostigmine liad been present continuously, seemed to bo somewhat increased. 
No untoward effect of the drugs given .above was noted.’ At 11:10 .\.m. the blood pressure 
was systolic 114 and diastolic 75. 

We realize the ditlieiilties in evaluating therapeutic results, particularly bi 
this condition. It is well recognized that mere dilatation by anv type of dilator 
will improve the well-being of a patient with achalasia, and will* diminish the 
quantity of esophageal retention. It was our tiiought, that prostigmine, by act- 
ing on the parasympathetic plexus, would increase peristalsis and tone of the 
esophagus. Our observations definitely show that it does increase peristalsis, 
particularly in the lower portion of the esophagus. In that sense a propelling 
action of prostigmine is accomplished. Our patients stated that tliey were better 
with prostigmine and dilatation. It must he recognized that tlie achalasia and 
esophageal dilatation in our two patients were of long duration and of extreme 
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tion be tried in cases of chronic dilatation. 

ANOtAL EXPERKIENTS 

T 1 oh^ok the effects of prostigmine on the esophagus, experiments 
In ovd« to »l«ck the anesthetized with nembutal, and 
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Fig. 1. 

esophageal motiUty. One milligram of prostigmine injected intramuscularly 
produced a considerable increase of tone and peristalsis in the lower portion of 
the esophagus, lasting for about twenty minutes, while the upper portion of the 
esophagus was little affected. The animal in Experiment 2 (Fig. 2) was given 
jirtificiiil respiration, its chest was opened widely, and both phrenic nerves were 
cut in order to eliminate the effects of respiration on tlie esophagus. Injection 
of 1 mg. of prostigmine intravenously produced eonsidcrable rise of tone and 
peristaltic activity in the lowest portion of the organ, much less in tlie middle 
and very little iii the upper portion. The effects lasted approximately fifteen 
minutes. In Experiment 3 (Fig. 3) the same operative procedure was followed 
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as iu Experiment 2. Three-tentius milligram of prostif^inine intravenously was 
followed by a rise of tone and motility of tlie lowest portion of the esopha^tb', 
lasting for about tweiity-tive minutes. Tlie middle jiortiou showed little, ami 
the upper portion showed no etl'eets of the drug. One hour later 1 gamma of 
acetylcholine hydrochloride was administered intravenously; it had little or uo 
effect on the esophagus while a distinct transient drop of blood {>re.ssiire oc- 
curred. Following this, 4 mg. of atropine sulfate were injecte<l intz’umu.scular!y. 
Twenty minutes latei' I gamma of acetylcholine was ijijeeted again, ami the 
negative response of blood pre.ssure indicated that atropine had taken effect. 
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Fis. 2. 

Following this, 0.3 mg. of prostigmine was injected intravenously; this dosage 
was repeated tw’enty minutes later. Each time ji marked rise of tone and eou- 
tractioiis of the lowest portion of the esophagus occurred, hut the middle and 
upper portions did not respond. Fifteen minutes after the second injection of 
prostigmine, 1 gamma of acetylcholine Avas given intravenously, with no etfect 
on blood pressure. This showed that the antagonistic effect of the atropine 
still prevailed. 

These experiments demonstrated two facts to us : First, that prostigmine 
raises tonus and rate of peristalsis of the esophagus and acts mainly on its lower 
third. Second, that prostigmine acts on this organ not only through stimula- 
tion of its parasympathetic innervation, but also through a direct effect on its 
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musculature. We draw this latter conclusion from the fact that prostigmine 
still alfeeted the organ after the parasympathetics were paralyzed by atropine, 
as proved by the ineffectiveness of acetylcholine administered repeatedly after 
atroptue. It seems, therefore, that prostigmine is a useful drug in true achalasia 
in which more or less of the extrinsic and intrinsic parasympathetic innerva- 
tion of the lower esophagus has been destroyed by pathologic processes. The 
observations on the dog agree with those obtained on the two patients reported 
in this paper. The effect of ergotamine on the second patient is of interest, 
because this drug is kno^vn to decrease and, in a sufficient dose, to abolish and 
reverse the typical effects of sympathetic stimulation. Since in achalasia there 
is a predominance of sympathetic innervation of the lower esophagus and cardia, 
it would seem logical to treat such patients with a combination of eserine or 
prostigmine and ergotamine. This is under experimental investigation at pres- 
ent. 
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SUVntARY 


Two patients suffering from achalasia and dilatation of the esophagus were 
treated by oral administration of prostigmine. Both of them seemed to be 
benefited by this therapy. Fluoroscopic observations revealed that tonus and 
peristaltic rate of the esophagus were markedly increased following intramus- 
cular injection of prostigmine. Injection of ergotamine into one patient like- 
wise revealed increased tone and peristaltic rate of the esophagus. Since acha- 
lasia of the cardia has been assumed to be due to diminished or absent func- 
tion of parasympathetic innervation and prevailing sjnnpathetic innervation, 
prostigmine and ergotamine seem to offer a logical and promising method of 
treatment of this condition. 

Experiments on anesthetized dogs confirmed the observations made on the 
patients and further reveal that prostigmine acts not only through stimulation of 
the parasympathetic innervation of the esophagus, but also through a direct 
effect on its musculature. 
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CHRONIC, ATROPHIC TVPK OF BRFCFLLO.SAI. ARTHRITIS 


E. GoLDFAi.v, il.D., Oklahoma City, Okla. 


I T IS well establi.shcci that dift'erciit types ot‘ systemic infection may Ciiuse pol.v- 
ax’thritis whicli, in its clinical aiipearanec timl .symptomatology, is es-sentiall.'' 
indi-stinguishalilc from true atropiiic jirthritis. Tliiit is essentially true "'lien 
such arthritis appears in women, in whom atroiihic arthritis is most common. 

Chronic brucellosis is in cour.se of evolution. At letist in the .Southwest 
physicians are becoming increasingly ‘‘brucellosis conscious,’' and rightly -so. 
In keeping with this general trend, and tis chronic arthritis Inis a varied etiolog.v, 
it is now part of good diagnostic routine to do agglutination and opsouocyto- 
phagocytic tests as well as a .skin test of each ixatient for the presence of brucello- 
sis. Reports as to the number of cases of chronic arthritis or chronic tibrositis 
having positive serologic and .skin tests for brucellosis are the subject of a paper 
in process of preparation. Herein I set forth a syndrome occiusionally found 
in which the pathology is from a clinical standpoint that of atroi)hic arthritis. 
Yet, the etiology is that of chronic brucellosis. The two cases ixresentcd are rep- 
resentative instances. They occuri-cd in females. Both liad typical fu.siform 
spindle-shaped swellings of the intcrphalangeal joints of the fingers of both 
hands, as well as involvement of joint tissues in other parts of the body. Join! 
involvement, from the beginning, was essentially persistent and was not sub- 
ject to regression. Its development was insidious and progressive. Presence 
of cold, clammy skin of both hands was noted. Past removal of apparent foci 
of infection had in general caused no regression of the arthritis. Physical 
therapy and other measures failed to relieve or to interrupt the disease 
course. A familial history of arthritis was absent. In one case knee and 
shoulder joints were definitely involved by a tyjie of fibrous tissue swelling that 
is often seen in atrophic arthritis. An outstanding x-ray finding was that the 
bones of the involved jomts did not reveal the narrowing of joint space and 
the d ecreased density of the ends of the bones forming the joints, which is seen 
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in eases of typical atrophic arthritis after the process has been present for some 
period of time, as was the ease in these individuals. Laboratory tests revealed 
a lack of marked degree of secondary anemia that is often px’esent in atrophic 
arthritis. Streptococcal antibodies viere absent. Gastric analysis xvas normal. 
The gonococcal complement fixation test was negative. An active red blood cell 
sedimentation test was present. The Schilling differential count showed a mild 
increased shift to the left. An important clinical laboratory finding was a 
positive agglutination test for undulant fever. 

The opsonocytophagic test also revealed a strongly positive test, being in one 
case as high as 100 per cent mild, moderate, and marked phagocytosis. In both 
cases skin test was strongly positive at the end of forty-eight hours and for a 
few days thereafter. 



«' 


Fig:. 1. — A, Case 1. M. R. B. X-ray o£ hands. Chronic arthritis, atrophic type, four 
years’ duration. Note lack of Joint space narrowing and demineralization. B, Same case as 
shown in Fig. 1. X-ray of right elbow. Xote lack of bony pathology. 

Case 1. — il. R. B. was first seen in the summer of 1935, when spindle- 

shaped fusiform stvelUngs involving the interphalangeal joints of nearly all her fingers 
were present. Her physician husband was informed that it appeared to be a case of 
atrophic arthritis. She was carefully investigated in due time for focal infection, but none 
was found to be present. Streptococcal antibodies were not present. Agglutination tests 
for undulant fever were strongly positive. The opsonic index test was positive. The skin 
test was strongly positive. 

X-ray examination of the involved joints of the fingers simply revealed the normal 
bones that farm the involved joints. Diffuse soft tissue swelling could be seen by x-ray 
shadow. X-ray examination made of her hands in Januarj-, 1939, four years after the onset 
of her trouble, revealed normal joint spaces and bones forming the involved joints, e.xcept 
for very slight lipping in the terminal joints of both fifth fingers. Xarrowing of joint 
space and demineralization, such as one sees in atrophic arthritis, particularly atrophic 
arthritis present over such a long period of time, were absent. 

X-ray examintaioa of the right elbow joint was made in September, 1937, because of 
joint symptoms, but it failed to reveal any bony pathology. 

The patient’s past history was essentially negative, except for influenza and a mis- 
carriage in 1927. An. appendectomy and curettement were done in 1927, as was the removal 
of one cystic ovary. In the latter part of 1927 chills at intervals appeared, accompanied 
by wringing sweat and a feeling of stiffness all over her body, the stiffness involving most 
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markedly both upper extremities, ho that for a perioil of lime they could be u.-cd only ven- 
little; other joints of her body teere involved. A tonsillectomy was performed in IMi, 
Very .slowly and gnidually .she became better of her rheumatism, but a marked nervo'js 
condition developed. Treatment for her nervou.s condition re.sulted in ffradual clearance of 
her rheuniati.sm. Prior to the onset of the typical .symptoms of arthriti.s in her hands, ak 
felt ill for a Ion;; period of time and lo.st wei;;ht. The patient is of the a;,’e during’ which 
hyperiropliie arthriti.s develops. 

.\s a result of brucella bacteria therapy admiuistercil by her physician liusbaad over 
a period of a year she impioved in every way, elinienlly and from the standpoint of l-ray 
examination and laboratory llndin;ts. 

The ab.senee of lindin^js, laboratory, x-r:iy, or clinical, that would e.xplain her atrophic 
arthritis, pins positive .skin, attKliitination, and opsonic index tests for bnieello.sis, a.s "ell 
as her admirable response to treatment for chronic brucellosis, with no detiiiite relap.-e 
after treatment had been completed, ju.stilie.i labeliiiti this ease .ns one of hrueello;al ar- 
thritis, ehronie, atrophic type. The ease illustrates the ehronieity of illness that may he 
present in individmil.s pins the e.-sentiul relap.-es nn<l improeements that oeeiir. Tlti.s ''.ay 
haiipen in atrojihie arthritis. 





Fig. ‘2 . — Case 2. 


Mrs. R. S. X-ray of hand.s. Clironic arthrltl 
ilemineralizatlon .ami articular cartllagenoua 


■s, atrophic type, 
invotvomciit. 


Note lack of 



C.\SK 2. — Mrs. II. S. was (ir.st .seen in .lunuaiy l-I, ISCIT. Her history dated hack two 
years, beginning with pain and discomfort in the left shoulder joint. ' Those .symptoms 
appeared in spells at irregular iutervahs over a period of some few months. Afoderate re- 
sponse at first to snlicylntes oeenrred. Thereafter the arthritis appeared insidiously, 
became worse progressively. Afany joints lieeiimo involved, especially the hands, knees., 
and feet, as well as the shoulders and elbow.s. She had some teeth extracted and her tonsils 
removed. She had taken treatment at butliing resorts. .Scarlet fever and whooping cough 
occurred in childhood. She has had two preganueies, one of wldd, was aborted with no iH 
effects. The abortion took place after the omset of her arthritis. The family history is 
negative. 

Physical examination was negative, .save for the presence of marked motion limitation 
° * .f er joints and light elbow. Cold, clammy perspiration was present in both 

hands. Wrist and mterphalangeal finger joints were indurated. The involved linger .joiids 
revealed typical spindle-shaped fusiform swelling.s seen in atrophic arthritis. Knuckle 
enlarged. A low-grade inflammatory inliltratioii of the fibrous tissues of 

uSanZT- '-T Lateral pressure over the 

p alangeal yomts caused pain. Adherent tubes were questionably present on pelvic e.xaminafion. 
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X-ray examination revealed a lack of joint space narrowing and an absence of de- 
mineralization of the bones forming the joints. A faint shadow of the soft tissue swelling 
was noted. 

Laboratory findings revealed absent streptococcal antibodies and negative gonococcal 
complement fixation test. Gastric analysis, blood count, urinalysis, and stool examination 
were negative. The red blood cell sedimentation test showed a moderately active curve. 
Agglutination test for undulant fever showed strongly positive results in dilutions of 1:50. 
Opsonic index test for undulant fever revealed mild, moderate, and marked degree of 
opsonocytophagocytosis to 100 per cent. The skin test for undulant fever was strongly 
positive 4+ at the end of forty-eight and ninety-six hours. 

The patient responded well to brucellosis treatment and at the end of two years is 
practically cured. 

Diagnosis: Brucellosal arthritis, chronic, atrophic type. 



Fie. 3. 


.smniABY 


1. The two patient.s presented had clinical objective and subjeetive findings 
that would .stamp them as eases of atrophic arthritis. 

2. X-ray findings, even though the condition had been present in each case 
for a long period of time when first seen, and for at least two years thereafter 
in one case and four years thereafter in the second, continued to reveal none of 
the findings characteristically seen in true atrophic arthritis. 

3. Prom a laboratory standpoint findings that are usually noted in atrophic 
arthritis were absent, save for the presence of a quite active sedimentation test 
in each instance. Both eases revealed strongly positive agglutination, opsono- 
cytophagic, and .skin te.sts for brucellosis. 

4. Each patient has re.sponded quite satisfactorily to management for 
chronic brucellosis : one case, 3Irs. R. S., as soon as she improved on treatment 
for ciironic brucellosis, discontinued treatment. The condition, however re- 
appeared, and continuation of proper treatment has resulted in practical cure. 


COXCLUSIOXS 


1. Two cases are here pre.sented which are 
a clinical standpoint. 


typically atrophic arthritis from 
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2. Laboratory fituliiii^s aro [irescnled wliicii iiidicato that tlio arthritis wa 
lino to ciiroiiif l)rutH‘!lo.si.s. 

3. X-ray fiuilin.i^.s are set forth indieatiii;^ tliat eiiroiiie i)rueellosis does not 
cause articular cartilatre destruction nor epipliyseal bone involvement such as 
is in due time present in practieally all eases of atrophic arthritis. 


nKmajKN'cis-s 


s. 

< 1 . 

10 . 

11 . 

12 . 

13. 

14. 

15. 

1(3. 

17. 

IS. 

19. 

20 . 
21 . 
oo 


Keller. A. K., I’luirris, C., ami (iauh, W. II.: IJlayiiO-sis of Umliilaiit Fever, .1. .A.M..\. 
107; 193G. 

TIiul(lle.‘<uii, 1. F., .loliiisun, H. W., aiul ll:tiiiiiiiu, H. E.: A ytmly of tlie Oiisosiocytopha^ie 
I’oiver of the lilood :iml Aller^jic Skin Iteactioii in Driieelfa Iiifeetiou and Immunio 
in Alan, .\ni. .1. l‘nb. Health 23: 1)17, 1933. 

Iliiddle.son, I. F.: Brneella Infections in .AniinuLs and Alan, Coininonwealth Fuad, 11*34. 

Huddle.-;on, I. F.: lirucello.-iis in Alan and Animals, Cominonwelath Fund, 1939. 

(llynn, E. K., and Cox, (3. L.: Variations in the Inherent Pliagocytic Power of Leuko 
cyte.s, J. Path. & Pact. 14: 90, 1910. 

Aa^le, Fred K.: Treatment of Acute and Chronic Hrueellosis (Undulaut Fever); Per 
sonal Ubserviition of One Hundred Ca.se.s Over a Period of Seven Years’, J. A. Af. -V 
105; 939, 19:i.5. 

Prnce, David: Kote.s on the Discovery of a Aliero-Oraani.'iia in Atalta Fever, I’racli 
tioner 39: 1(31, 1SS7. 

Bail", Boniliartl: 'I’lio Ktiolo;,'y of Contat;ious Abortion, /ft.iehr. f. Tiernied. 1: 241, bid 

Evans, Alice Further Studies on Bacterium .\bortii.s ami Belated B;ieteria, .1. Iiif*-'*-'! 
Dis. 22: 5S0, 191.S. 

Evans, Alice C.: Chronic Bntcello.sis, .T. A, Af. A. 103: ijti.l, 1931. 

Simp.soa, AV. At.: Undulant Fever {Brueeno.''i8), ,1. Indiniia At. A. "27: uGt, 193 1. 

Cnmstoii, C. (1.: The Treatment of Atalta I’ever, Af. .T. A: Itecord 121: 219, 1925. 

DeFinis, G.: I/immnnoterapia dii tifo, del paratiJi a della febbre mediterranea coni 
vaceiiii li.si/.r.ati di Cristina o Caronia, Pediutria 31: 1 1, 1923. 

Sehillin", G. S., Afagee, C. i\, and Leiteh, P. At.: Treatment of Undulant Fever, AVith 
an Autotteiious .Anti^;en, J. A. At. A. 96: 194.5, 1931. 

Harris, If. .1.: Undulant Fever: Diilieiiltie.s in Diacno.-is and Treatment, Xew York 
State J. Ated. 34: 1017, 1934. 

Angle, F. E.: The Treatment of Undulant Fever AVith A’aeoine, d. Kans:is At. Soc. SO: 
323, 1929. 

AATiians, If. At.: Intornat. Clin. 3: 131, 193(1. 

Fillipovich, A. X.: Abortion in Allergic Di.ngnosi.s in ABin, Sovet, vnieh. zhur., pp. 34- 
36, 1930. 

Kemp, It. A.; Applications of Bacteriology of Brucella Group to Clinical Problems of 
Brucellosis, Te.vas State J. Ated. 32: 279, 19.36. 

Engel, C., and ATgilahi, At. B.: Bacterial Allergy, Experimental Studies, Klin. AVchuschr. 
15: C3S, 1936. 

Boniiam, C. E., and Pitch, C. P. : Ato<Hlicd Teehnie for Au"lutiu:ition J. Infect. Dis. 59* 
2S7, 1936. ’ 

Higginbotham, At., and Heatliman, L. S.: Precipitin and Complement Fi.xatiou Eeac- 
tions of Polysaccharide Extracts of Brucella, J. Infect. Dis. 59: 30, 1936. 



MULTIPLE INVASION OP THE BLOOD STREAM^ 


Abbaii K.VNOF, M.D., and Benjamin Kkameb, M.D,, Brooklyn, N. Y. 


TT IS wen known that bacteriologic study of infected tissue may disclose more 
i than one organism. Kolle and Hebsch," and Ford,^ described many such eases 
and developed an elaborate classification. However, there has been no systematic 
study of multiple invasion of the blood stream. A few references have been 
made to cases of septicemia complicated by a secondary bacteriemia, but we have 
seen no report devoted to the subject of multiple blood stream infection. 

In 1906 Libman® reported 98 cases of sepsis, among which were several in- 
stances of multiple infection. The combinations were; streptococcus + gono- 
coccus, streptococcus + B. protexis, B. coli + streptococcus + dlicrococcns albus, 
Staphylococcus aureus + pyocyaneus, and three cases with staphylococcus -l- 
streptococcus. Scott* reported a series of 80 patients with urologic disorders 
who had had routine blood cultures taken with each chili. They found five 
(6 per cent) who had more than one organism in the blood at the same time. 
The combinations were staphylococcus or streptococcus with either B. proteus or 
B. pyocyaneus. Neuhoff, Amfses, and Hirshfeld^ reported a series of 150 pa- 
tients ivith sepsis. In only one patient was there a multiple infection, a patient 
with both streptococci and staphylococci in the blood. Adams® reported a series 
of 12 patients with sepsis, two of whom had multiple blood invasion; in one 
patient an embalming wound resulted in a fatal septicemia with Streptococcus 
hemolyticus and Vibrion septique; and in another patient, incision of an area 
of cellulitis was followed by a fatal sepsis Avith staphylococcus and Streptococcus 
hemolyticus. Similar series were reported by Shanks and Khan," Warren and 
Herrick,® Cadham,® Trask,*® and by Doane and Cates.** 

The folloAving is a summary of the combinations described by the afore- 
mentioned authors ; 

Streptococcus + gonococcus 
Streptococcus + B. proteus 
Streptococcus + B. coli + 

Micrococcus alius 
Staphylococcus + B. pyocyaneus 
Streptococcus + staphylococcus 
Streptococcus + Viirion septique 
B. typhosus + enterococci 
Streptococcus + B. typhosus 
Streptococci + B. coli 
B, proteus + B. coli 
Staphylococcus + B. coli 
Staphylococcus -i- B. influenzae 
Pneumococcus + influenzae 
Staphylococcus + pneumococcus 
Staphylococcus + pneumococcus + B. coli 

•From the Department of Pediatrics, Jewish Hospital of Brooklyn. 
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On the ether iiaiui, nuiny authors pn/seut hiv^c scrus al seplie patknlj 
uiiore t)u>rt* is no iiienlioii iniidv of UJiilliple inCwt ioii.s. Those iiielude Brmv 
u-lio ropoi-is ID!) j)a!io;i}s; Crocker, Valentine, and lirody,’’ who report o'i pa- 
tients; Dcjiin'll" and Tiiolanderd'* who report, respectively, llo and .52 eases ra 
ehiklren; Class. tiil eases; and Kohtier,'* 282 ease.s. 'I’liis makes a total ol 
l)alients with ss-psis in whom no instance <d’ niulliple inh'ction is mentioneii. 

In this pai>er wt* are jn’t'sentint^ 2-1 children who showed more than oav 
orminism in llic hlood stream iliiriti.i' their period of hosjtitalization. These cavs 
were collected a live-year period and ropri'sent 8 per cent, ot all patidit.' 
with hacteriemia studied durini,' this time. 


Ve found it host to classify these i)atients as follows: 

( 1 1 True mixed septicemia. 

I 2 ) Septicemia complicated hy a .secondary hacteriemia. 

(d) Spurious mixed .scj)ticcn)ia. 

a. Where the .second ori'ani.sin is a v.-iriant of the iir.st. 
h. AVhere a casual invader ai>peais in the course of a sepsis. 


.MKTllOD 

All patients with fever admitted to the ju'diatric wards hetweeti the ywrs 
I!)31 and JOd.o liad hlood culture studies. The Idood cultures were taken acroid- 
ini4' to standard methods ity an intern a.ssirrned to the .service. All work was 
supervi.sed hy one individual, p:iviuv; the le.sults a de',;ree of unifornuiy 

tIu'ou; 4 :hout the years during: which lhe.se eulutres were taken. Fourteen eubK 
eentimeler.s of the patient's hhjod were drawn and i)ouri;d into eulturc media at 
tlie bedside. Five etihie eeiitimetei's were in.jeeti;il into each of two 200 v.e. 
Erienmeyer tla.sks. The first, tla.sk contained 125 c.e. of veal infusion broth at 
1 )H 7.2; the second ila.sk contained 12.5 e.e. of 2 per cent dextrose veal iiifiisioa 
])i'Otli of the .same hydroe;en-iou coneent ration. The rejiiainini,' 4 e.e. were divided 
ecpially to form two pour i)late.s, one with a 2 )icr cent dextrose veal iafu-sion 
agar, and the other with a tube of i)lain veal infusion agar. Daily transplants 
were made from the two tla.sks, and .smoavs were stained at the same lime. 

The invasion was considered •'large" if there were more tiian ten colonies 
per cubic centimeter of hlood. It was called ‘•small” if only (he litiuid media 
.sliowed growth. Tlie size of invasion was " medium ’’ if the hivths wore positive, 
but there Avere le.ss than ten colonies on the plates. 


I. TKUE .AIIXKD .SKFTfCK.MI.V 


By the term “true mixed septicemia” avc refer to a typo of sepsis where 
more than one organism is found in the same hlood culture. There were nine 
patients in this group. The eomhinations of organisms were as follows: 

1. Streptococcus honotyticus + It. coli .1 

2. Sticptococciis hciiiotyticus + It. coli + Stiiphylococcus aureus t ca.so 

3. 5^rr|)fot'ot'cu.s + Stapitylococcus aurtu.s 2 oa^cs 

i. Streptococcus heuwlyliciis + Piifiimoaoocus typo XXI 1 case 

5. Staphylococcus aureus + it. coli -i ,.nc;o 


The number of colonies isolated of each organism was recorded as ••minier- 
ous ill five instances; “large” and “medium” in two; ‘•small” iu one, nnd 
“unkuowTi” in one. 
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In six patients of this group the blood cultures were performed post mortem. 
These patients lived for such a short time, or were so desperately sick that a 
culture was not taken during life. In each instance a cardiac puncture was per- 
formed immediately aftei* suspension of respii’ation, and the blood was poured 
into media at the bedside. 

The significance of the blood cultures in these cases depends on what sig- 
nificance can be placed on post-mortem cultures. If the blood after death is 
rapidly invaded witli many organisms which liave no relation to the disease 
process, then these cases are of no practical significance. In our experience, 
however, such rapid nonspecific growth does not ordinarily occur. Of 1,309 
patients from whom we cultured specimens over a period of five years, 171 had 
the blood drawn immediately after death. Of these, fully 50 per cent were 
sterile. We agree with White’* in .supposing that these post-mortem cultures 
reveal the etiologic agents of disea.se which cannot grow out during life, but 
multiply rapidly after death because the inununologie resistance of the body is 
no longer intact. 

Host patients in this group were very young. Three patients were less than 
a month old, four were less than 6 months old, one was 3 years, and one was 6 
years old. There were four girls and five 1)oys. Short ease histories of these 
nine patients are given, but certain facts in the clinical course are particularly 
striking. Six patients were admitted to the hospital in a markedly toxic state 
and died within twenty-four hours. The other three died within four days after 
admission. The majority suffered from debilitating illnesses before admission. 
Six had been sick for one month or more, and three had been ill for a period of 
two weeks. In two patients the septicemia followed an operation. One patient 
had had a herniotomy; the other had an abscessed kidney removed. The most 
constant sjnnptom was diarrhea, whicli occurred in six of the nine patients. The 
ea.se histories follow : 

C.v.sE 1. — H. K., a 2-n)ontli-oW male, wa.s operated upon for an inguinal hernia because 
of mild obstructive .symptoms for four days. He left the hospital on the tenth day follow- 
ing operation hut returned two days later with marked diarrhea and dehydration. He 
died soon after readmis.sion. Cardiac puncture immediately after death revealed 31 
colonics per cubic eontiineter of blood of Streptococcus hemohjticus, and 35 colonies of 23. 
colt. Autopsy revealed partial atelectasis and empyema, lipoid pneumonia, parenchjTnatou.s 
degeneration of tiie liver, kidncy.s, and adrenals, and a well-healed operative .scar. 

C.\.SE 2.— M. S,, a 3'/j-year-old girl, was admitted with acute lympliatic leucemia. One 
week after admission her blood culture was sterile, but ten days later she developed acute 
parotitis and died. Cardiac puncture immediately after death revealed innumerable colo- 
nies of both Streptococcus hemotytlcus and It. coti. Autopsy report confirmed the clinical 
diagnosi.s. 

C.\.SE 3,-0. T., a (i-month olil girl, wa.s admiUed witli acute rhinophar\-ngiti.‘J, diarrhea 
marked dehydration, and ricket.s. .^he .■-eemed to improve for a few duy.s*with treatment' 
but at the end of tlie second week .she developed celluliti.s of the back and lapsed into 
acido.-i.s and dehy.iration ag.iin. This time .-he did not rally and nine day.s later .-ho died. 
Terminally, .slie developed the .-ign.s of a dilTu.-e broticiiopneumonia. fardiac puncture im- 
mediately after de.ath .showed numerous colonies of Streptococcus hemolyticus ;tn<l pneumo- 
coccus typo XXI. ’ 
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Case 4. — B., a S-weok-old male infant, was admitted after having been ill for two 
days with acute rhinopliaryTigitjs, marked cervical adenitis, and eellulitis of tlie neck. Four 
days later there was fluctuation in tlie area of cellulitis, and it was incised and drained. The 
child developed a marked diarrhea wliich persisted for three >veeks. Ho then developed a 
diffuse bronchopneumonia and died. Blood culture on admission was sterile, but a cardiac 
puncture immediately post mortem showed numerous colonies of Staphylococcus aureus and 
Streptococcus Jiemolyticus. 

C.vSE 5. — B. S., a premature female infant, \vas admitted from the nursery on the 
fifteenth day after birth, with an acute upper respiratory infection and diarrhea. Despite 
treatment the child grew steadilj- worse, developed signs of thrombosis in the cranial 
sinuses, and died. On admission the blood culture was sterile but cardiac culture imme- 
diately after death showed Streptococcus hemolyticus and Ji. coli. Autopsy revealed fetal 
atelectasis, passive congestion of the viscera, gastro-enteritis, focal pneumonia, focal 
necrosis of spleen and suprarenals, and thrombi in the cranial sinuses. 

Case 6 . — L. E., a 3-montli-old-male, was admitted with diarrhea and marked dehj'dration, 
after having been sick with an acute upper respinitory infection for two weeks. With treat- 
ment the dehydration seemed to improve, but the patient developed a cellulitis of the left 
hand, and a day later, gangrene of the right hand. Blood culture showed Streptococcus 
hemolyticus and If. coli. The patient died three days later. Autopsy showed cellulitis of the 
left hand, gangrene of the right hand, marked cerebral congestion, cloudy swelling of the 
kidneys, liver, and heart, and multiple abscesses of the lung and kidneys. Culture of these 
abscesses showed the presence of Staphylococcus aureus and Streptococcus hemolyticus. 

Case 7. — L. B., a 6-year-oId girl, was admitted with a history of chills and fever for one 
week. On admission she was markedly delirious. There were numerous purpuric areas on her 
body. She died the next day'. Culture on admission, twenty-four hours before death, 
showed many' colonies of Streptococcus hemolyticus and a Staphylococcus aureus in the blood. 

Case 8. — E. F., a 4-month-old male infant, was admitted with a history of a hematuria 
and a loss of weight for a month. After study’ an operation was performed. The child’s 
course was progressively downhill, and he died a month after admission. Tlie child showed 
Staphylococcus aureus in the blood twice, and a small invasion with Staphylococcus aureus and 
S. coli once, follo^ving the first cystoscopy. 

Case 9. — I. M,, a 13-day-old male child, who was perfectly' normal for six days after 
birth, developed a severe diarrhea on the seventh d.ay. On the eleventh day he was admitted 
to the pediatric service with dehydration and gastrointestinal intoxication. At this time, 
he also had a bilateral purulent acute otitis media and a definite rhinopharyngitis. A con- 
tinuous intravenous solution of glucose and a blood transfusion were administered, but the pa- 
tient grew steadily worse, and t\vo days later died. A cardiac puncture was done immediately 
after death, and a culture of the blood showed innumerable colonies of Streptococcus homo- 
lytious, B. coli, and a Staphylococcus aureus. Autopsy- revealed an acute enteritis, purulent 
otitis media, lobular pneumonia, and cloudy sivelling of the viscera. 

n. SEPTICEMLV COJIPLICATED BY SECONDAKy.' BACTERIEJIIA 

There were five patients in this group. In three instances the patient fii'st 
had a Staphylococcus aureus sepsis and then developed a hemolytic streptococ- 
cemia. In one case of B. coli septicemia, a secondary invasion by Streptococcus 
hemolyticus occurred. The fifth was a patient who was admitted with hemolytic 
streptococcus sepsis and later developed B. coli septicemia. 

In three cases the size of the oi'iginal invasion was classed as “large,” and 
in two it was designated as “medium.” The number of colonies in the secondary 
invasion was “large” in four instances, and “small” in one. 
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Pour of the five patients in this group were less than 6 weeks old. One was 
18 months old. All five were boys. All died. 

The incubation period varied from three to fourteen days. The shortest 
period of hospitalization was twenty-four days, and the longest period of hos- 
pitalization was fifty-five days. In three eases there Avas an afebrile interval 
between two septic periods. In these it appeared as though the patients were 
convalescing from the first blood stream invasion when the second invasion began. 
The duration of the first acute episode was from eleven to sixteen days, and of 
the second, from seven to eight days. 

In three patients an extensive erysipelas or an erysipelas-like eruption 
heralded the appearance of the secondary streptocoeceinia. In one, the entire 
neck Avas involved. In another, the lesion spread over the entire chest. In the 
third, there Avas involvement of both shoulders and the scrotum. We hesitate 
to designate these diffuse, bright red, indurated skin infections as erysipelas, 
because in all instances there Avere large numbers of colonies of Streptococcus 
hemolyticus in the blood. In all of our cases of primary erysipelas, the blood 
culture Avas usually sterile or at most an occasional small, transitory invasion 
Avas found. 

We could not find any valid factor to account for the onset of the secondary 
infection. Treatment of the original sepsis may have created neAv foci of in- 
fection. In all instances the primary sepsis Avas treated -rigorously Avith blood 
transfusions, elyses, infusions, and in one ease Avith staphylococcus toxoid. In 
addition, suppurative foci were incised. On the other hand, Ave have 315 cases of 
sepsis that received similar treatment Avithout developing secondary baeteriemia. 
The case histories of the five patients in group II folloAv : 

Case 10. — A.. S., a male, 3 weeks old, was admitted with a liistory of osteomyelitis of 
the right liip for ten days and of the right knee for two days. On admission he showed a 
diffuse pustular eruption and evidence of trauma to the scalp from a forceps delivery. 
Blood culture showed ten colonies of Staphylococcus aureus per cubic centimeter of blood. 
Some skin, abscesses formed which required incision and drainage. 

Supportive treatment was administered. The temperature subsided gradually and 
remained normal for a period of two weeks. The number of colonies in the blood stream 
gradually decreased, and after the third culture the blood was sterile. Toward the end 
of the third week after admission, there was a sudden elevation to lOa" P.; swelling and 
redness of the left shoulder appeared at the same time. The shoulder was incised on the 
following day. Instead of a pure culture of Staphylococcus aureus, wliich had previously 
been found in all cultures of the skin lesions, there was now a mixture of staphylococcus and 
Streptococcus hemolyticus. The temperature, however, remained normal for four days; on tlie 
fifth day there was a rise, and the blood culture showed four colonies of Streptococcus hemo- 
lyticus per cubic centimeter of blood. The temperature continued to increase. Two days later 
there were 21 colonies of Streptococcus hemolyticus per cubic centimeter of blood and on 
the tentii day after incision of the shoulder an erysipelas-like rash appeared over the shoulders 
and scrotum. Two days later the child died. 

G.VSE 11.— B. H., a newborn baby boy, was well until the fliird day after birth, when he 
developed slight jaundice, fever, and a moderate diarrhea. On admission to the pediatric 
.service on the sixth day of life, there were 35 colonies of S. coli per cubic centimeter- 
nine days later there was IS. coU in one broth only. iModcrate variations in the extent of 
invasion continued. One month after admission the culture was sterile and remained so 
for over a week. During this time the patient's clinical status seemed fair. At the end 
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of tlie fiftli wook there was a sudden rise in temperature to 10i° f'., and on tlie same day 
an erysiiielas-likc eruption appeared over the eliild’s chest, and iStn'iitocuccus hcmolyticuji 
appeared in two broths. Tlie rash spread, but tlie lilood culture on the ne.xt day was still 
sterile. The child died four days later. Autopsy confirmed the diagnosis of erysipelas. 

Case 12. — 2sk E., an IS-month old male baby, was admitted with a history of coryza 
and generalized anasarca of two weeks' duration. On admission, besides the edema, there 
was marked abdominal distention. Blood culture showed seven colonies of streptococcus 
hcmolyticus per cubic centimeter. Two days later the blooil culture wtis .sterile. On the si.vth 
day an erysipeloid rash appeared over the lower back. Thu child had a septic temperature 
during the tirst two weeks, followed by an afebrile period of twenty days. At the end 
of that time he suddenly developed fever and diarrhea, and within twenty-four hours, in- 
testinal intoxication, lie died three days later. Cardiac puncture immediately after death 
showed innumerable colonies of it. coli. 

C.vsE 13. — F. C., a male, 5 days old, was born at home after a difficult delivery. The 
infant was cyanotic and dyspneic for two days after birtli. On the day of admission he 
became stuporous and gradually lapsed into coma. On e.vamiimtion a left Erb's palsy and 
evidence of intracranial injury was found. In addition tlicre was a diffuse iuduration of 
the skin of the back. On the eleventh day after ailnii.ssion, the child's temperature became 
elevated, the edema of the back became red, and a mass appeared on the right buttock. 
Blood culture showed 20 colonies of Slapltylococcus ourms per cubic centimeter. Two days 
later both ab.scesses were drained. The child’s condition, however, did not improve, and six 
days later he died. Two days before death 50 colonies of hemolytic streptococci per cubic 
centimeter appeared in the blood. 

Case 14. — V. de P., an S day-old male, was admitteil with jaundice and fever of a few 
hours' duration. On admission he was markedly jaundiced and somewhat cyanotic. A mild 
omphalitis was found. Blood culture showed Staphylococcus aureus in both broths. The child 
received supportive measures, but seven days later he still had 12 colonies of Staphylococcus 
hemoUjticus in the blood. During the third week of his stay he developed evidence of a 
bronchopneumonia, but the blood culture was sterile. After this the course was steadily down- 
hill. He developed diarrhea, and one week later cellulitis appeared at one of the trans- 
fusion sites, but this seemed to subside with hot compresses. Five days later an erysipeloid 
rash appeared on the scrotum and upper thighs. Blood culture showed 25 colonies of 
hemolytic streptococcus per cubic centimeter. The next day the infant died. Autopsy showed 
brouchopneumouia, cellulitis of scrotum and thigh, and acute lymphadenitis of nodes 
around the left common iliac vessels. 

III. .SPUKIOU.S JIIXED SEPTICEMIA 

In this group of patients the clinical features were deteriniuctl by the pri- 
mary rather than by the secondary invader. 

The secondary inviider was one of two types : 

(A) Streptococcus gamma or viridans prc.sent in the blood as a casual 
invader, with no clinical or bacteriologic significance or 

(B) The second organism was a variant of the first. 

The bacteriologic details of group A are shown in Table I. 

The details of the cases in group B are indicated in Table II. 

Cases 20, 21, and 23 might also be in group A, but we felt that it was more 
suitable to place them in this group. In Cases 22 and 23 the so-ealled “de- 
graded” form of the organism appeared in the blood cultures before the “viru- 
lent” form. 

The clinical significance of these two types of secondary invaders is not 
known. In the first group (group A) we can see no moi-e significance than we 
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see in the occasional culture o£ a gamma streptococcus in tho blood of patients 
with an acute infectious disease. The mutation from the virulent to the non- 
virulcnt form of an organism makes the prognosis more favorable (Cases 19, 20, 
21), whereas the reverse usually spells a fatal outcome (Cases 22, 23) . 


Table I 


CASE 

XO. 

pnnrAPvY 

ORGAXISM 

SIZE OF 
INWASION 

CASUAL INVADER 

NO COLONIES 

OUTCOJIE 

15 

Btaphylococcits 
alhns liemolyti- 
cus 

Medium 

Streptococcus 

gumma 

Small 

Recovered 

IG 

B. coh 

Large 

Streptococcus 

viridans 

Small 

Lied 

17 

B. coli 

Unknown 

Streptococcus 

gamma. 

Small 

Lied 

18 , 

Staphylococcus 

Large 

Streptococcus 

gamma 


Lied 

Table II 

CASE 

XO. 

PRIMARY 

ORGAKLSM 

SIZE or 

IXVASIOX 

SECOXDARY 

IXVASIOX 

SIZE OF 
IXVASIOX 

OUTCOME 

19 

Staphylococcus 
aureus hemolytu 
cus 

ifedium 

Staphylococcus 
aureus nonhemo- 
lyticus 

Medium 

Recovered 

20 

Streptococcus 

hemolyticus 

Small 

Streptococcus 

viridans 

Small 

Recovered 

21 

Streptococcus 

hemolyticus 

Medium 

Streptococcus 

gamma 

Small 

Recovered 

22 

Streptococcus 

viridans 

Small 

Streptococcus 

hemolyticus 

Large 

Lied 

23 

Streptococcus 

viridans 

Small 

Pneumococcus XX 

Medium 

Recovered 

21 

Dysentery-like 

organism 

Unknown 

B. coli 

Unknown 

Lied 


COXCLUSIOX AXD SUJIilARY 


In 8 per cent of a total of 320 cases of septicemia, a second ox'ganism ap- 
peared in the blood stream at some time during the illne.ss. In 3 per cent, two 
organisms of definite pathogeirieity appeared in the same cultixre. In 1.5 per 
cent invasion liy the second organism appeared as a complication of the orio-inal 
.sep.sis, often wlien the first infection seemed to be on the decline. In the remain- 
ing eases (3.5 per cent) the second invader .seemed to have no clinical or patho- 
logic significance, but appeared nierelj- as a casual invader of the blood stream 
or as a variant of the first organism. 


One might supimse that once the body rcslstaneo to lilood stream invimon is 
overcome, any luimber of organisms could follow the first invader. If we mav look 
upon sepsis as an infections disease, we see that septicemia i.s not eomjfiieatcd 
l*.y a suiierimjiosed blood stream invasion any more often than otiier infer-dous 
disca.sv.s. Ii would appear that the immunologic cliange.s which permit the onset 
01 a se))si.s are specific for one organism. Inva.sion hy more than one orminism 
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rarely takes place. When it does oecm*, it is seen only in very young infants 
and the outcome is invariablj" fatal. 

Two points of special clinical interest are worthy of note. The first is the 
appearance of an erysipeloid rash when a hemolytic streptococeemia is super- 
imposed on an existing sepsis. The other is the difference in the clinical coui-se 
in types I and II. In the cases with two organisms in the same blood culture the 
incubation period was long, followed by a short, acute course terminating rapidly 
in death. Where the second invasion complicated a primary sepsis, the incuba- 
tion period was short. The illness was characterized by two septic periods sepa- 
rated by an afebrile period, the second coincidental with the second invasion. 
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OBSERVATIONS ON THE TOXICITIES AND CHOLERETIC 
ACTIVITIES OF CERTAIN BILE SALTS* 


Fred S. Grodiks, M.S., M.D., A. L. Beriiak, Ph.D., M.D., and 
A. C. Ivy, Ph.D., M.D., Chicago, III. 


I T IS a well-known fact that the toxicity of bile is due to its bile salt content.^-® 
The choleretic properties of bile salts are also known. Comparisons of the 
relative toxicities and choleretic activities of the various bile salts have been 
limited by the fact that many of them have not been available in pure form. 
Some of the contradictory results which have been reported may be attributed 
to the fact that preparations of different degrees of purity have been used. 
AVe have recently had available a number of highly purified bile acid prepara- 
tions and have studied their toxieit}"^ and choleretic activity in an attempt to 
correlate these properties with chemical structure. 

JIETHODS 

The toxicities of seven bile salts have been compared by blood pressure 
studies on anesthetized dogs and by in vitro hemolysis studies on human erythro- 
cytes. The relative choleretic activities have also been studied in the anes- 
thetized dog. 

BiU Salt Preparatio'iis . — The sodium salts of cholie acid, dehydrodeoxycholic 
acid, apocholic acid, and deoxycholic acid were prepared by dissolving the pure 
bile acidst in alcohol, neutralizing with dilute sodium hydroxide to the phe- 
nolphthalein end point, evaporating to dryness, and finally dissolving the dry 
salt in distilled Avater. Dehydroeholic acidt was furnished us as the sodium 
salt. We have used Dvo different preparations of sodium glycocholate and of 
sodium taurocholate, one a natural product! and one a sjmthetic product.^: 
Aqueous solutions of the natural products Avere yelloAv in color Avhereas the 
synthetic salts gave clear colorless solutions. 

Chemical assays revealed a 56 per cent cholic acid content for the natural 
taurocholate, corresponding to 71 per cent purity, the synthetic taurocholate 
assayed 80 per cent cholic acid, corresponding to 100 per cent purity; the 
synthetic glycocholate assayed 87 per cent cholic acid, corresponding to 97 per 
cent purity. ° 

Blood Pressure Studies . — Dogs under sodium pentobarbital anesthesia Avere 
used. A tracheal cannula Avas inserted, and the carotid blood pressure Avas re- 
c^^. Tlie common bile duct was canimlated close to the duodenum, and the 
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cj'stic duct Avas ligated. The sodium salt.s of tlie bile acids in 10 per cent solu- 
tion Avei'e used. All injccdons \vere given into the femoral vein at a standard 
rate (fifteen seconds). The do.scs arbitrarily chosen Avere 30 mg. per kilogram, 
AAdiieh is the standard intravenous dase of sodium dehydrocholate in man, 10 ing. 
per kilogram, and 5 mg. per kilogram. SeA-eral injections Avere given to the same 
animal. At least tA\-enty to thirty minutes Avere alloAA-ed between each injection, 
AA'liich AAMs ample time for the blood pressure to I’cturn to normal. The order 
in Avhich the different salts Avere given Avas A-aried in each animal. 

Hemolysis Stndies. — Hemolytic aetiA-ily Avas studied by the method of 
Ponder'* using human cells. Solutions containing 50 mg. of bile salt in 4 c.c. 
of 0.9 per cent sodium chloride solution Avere made up. Dilutions of this solu- 
tion AA'ere then prepared: 1:10, 1:100, 1:1,000, etc. One cubic centimeter of 
standard suspension of human rod blood cells Avas added to 4 c.c. of bile salt .solu- 
tion, aiAd the time for comiilete hemolysis Avas noted. The tests Averc made in a 
AA’ater bath at 38° C. 

Choleretic Studies. — The dogs were ]>rcpared as described for the blood 
pressure studies. After a unifoi-m bile floAv Avas established, a control period 
of thirty minutes to one hour Avas recorded. Thirty milligrams per kilogram of 
bile salt in 10 per cent solution AA-as then injected into the femoral A'ein, and the 
bile Amlume aa’os recorded every fifteen minute.s until the rale of secretion had 
retitrned to the control IcA-el. 

RESULTS 

Blood Pressure Studies. — The aA’cragcd results of the blood pressure studies 
are given in Table I. A 10 mg. jjer kilogram dose of each of si.x salts aa'os tested 
on 10 animals. The 30 mg. per kilogram do.se aa'os tested on 10 animals Avith four 
salts and on 5 animals Avith tAvo. Because of the limited supply of sodium 
taurocholate available, onl.v a single dose, 30 mg. per kilogram, Avas tested on 6 
animals. A 30 mg. i)er kilogivmi do.s-e of sAuithetie sodium gjyeoeholate was 
tested in 6 experiments on 3 animals. In 4 animals a 5 mg. per kilogram dose of 
apocholate and deo.xj'cholate A\'as tested. 

As indicated in Table I, sodium dehydrocholate Avas the least toxic and 
sodium deoxycholate AA’as the most toxic of the se\-on salts tested. There ap- 
pears to be little difference betAveen the conjugated salts, cholate, and dehydrode- 
oxyeholate, althougli the latter seems to be someAvhat more toxic. There aa^s no 
significant difference betAveen the effect of the synthetic and natural preparations 
of the glyeoeholate and taurocholate. In 4 animals 5 mg. per kilogram of 
apocholate produced an average depression of 17 mm. Hg, and deoxycholate 
pr-odueed 21 mm. Hg. These depressions are greater than those produced b}’- 
tAviee the dose of the other four salts in AA-hieh a 10 mg. dose Avas tested, and by 
three times tlie dose of dehydrocholate. In summary, the salts may be divided 
into three groups. Group I contains only ozie salt, dehydrocholate, AA'hieh is by 
far the least toxic. Group II contains four salts of intermediate toxicity, cholate, 
tAVO conjugated salts, and dehydrodeoxycholate. Finally, Group III contains 
the tAVO most toxic salts, apocholate and deoxycholate. 
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Table I 


Depressor Action oi’ Bile Salts 


SALT 

DOSE 

(mg./kg.) 

NO. OP 

DOGS 

BLOOD PRESSURE — ilM. OF HG. 

CONTROL 


MILLIMETERS 

CHANGE 

Dehydrocholate 

Cholate 

Glycocliolate (N) 

Dekydrodeoxycholate 

Apocholate 

Deoxycliolate 

■ 

11 




Deliydrocliolate 

Cholate 

Taurocholate (S) 
Taurocholate (N) 
Glycocholate (S) 

Glycoeholate (N) 

Dehydrodeoxycliolate 

Apocholate 

Deoxycliolate 

30 

30 

30 

30 

30 

30 

30 

30 

30 

10 

10 

o 

<J 

3 

3 

(6 tests) 

10 

10 

5 

5 

144 

140 

119 

109 

131 

135 

143 

152 

152 

134 

112 

95 ' 

84 

103 

103 

102 

87 

79 

-iU 

-28 

-24 

-23 

-28 

-32 

-41 

-65 

-73 

Apocholate 

Deoxycholate 

6 

5 

4 

124 

117 

107 

96 

-17 

-21 


Comment. — Selecting cholic acid as the parent compound, the effects of 
various changes in this basic structure may be examined. Oxidation of the 
three hydroxyl groups of cholic acid to ketone groups markedly decreases the 
toxicity. Conjugation of cholic acid with glycine or taurine does not have a 
marked effect on the toxicity. The removal of the hydroxyl group on C7 of 
cholic acid veiy markedly increases toxicity. Oxidation of the two hydroxyl 
groups of deoxycholic acid markedly (44 per cent) decreases the toxic properties 
of the latter compound, though not so markedly (61 per cent) as the oxidation 
of cholic acid. Apocholic acid, which differs from deoxycholic only in having 
one ethylene linkage (C8 = C9), has toxic properties similar to those of the 
saturated substance. 

Hemolysis Studies. — Difficulty was experienced in obtaining cell suspensions 
with uniform properties, even though the blood was always taken from the 
same person and an exactly similar technique was employed in the preparation. 
However, although the absolute dilutions did not check exactly with different 
cell suspensions, the order of hemoljffic activity of the different salts tested on 
the same cell suspension was always the same. On the basis of our results the 
various salts may be divided into three groups according to their hemolytic 
activity (Table II). 

Table II 

Hemolysis by Bile Salts 


Group I — Weakly hemolytic 

1. Dehvdrocholate 

Group II — iloderatel}' liemolytic 

1. Synthetic glycocholate 


2. Synthetic taurocholate 


3. Cholate 


4. Beliydrodeoxvcholute 

Group III — Strongly hemolytic 

1. Natural glveoeholic 


2. Natural taurocholic 


3. Apocholic 


4. Deoxycholic 
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Comment . — Oxidation of tlie three liydrox}-! groups of cliolic acid decreases 
the henioiytic aetivity of this substance. The removal of the OR group on C7 
niarkedlj" increases tlie hemolytic activity. Tlie liemolytic properties of de- 
oxycholic acid are decreased oxidation to the ketoacid. The conflicting 
results obtained with the conjugated salts are of interest. The synthetic 
products were only weakly hemolytic, being second only to the dehydrocholate. 
On the other hand, the natural products wez-e strongly hemolytic. It is probable 
that impurities (fatty acids) in the natural products were responsible for the 
discrepancy. If the synthetic products repi-esent the action of tlie pure salts, 
then conjugation does not Jiiarkedly affect the hemolytic properties of cholic 
acid. 

Table HI 

CiZOLERETIC EfFECT-S OF BiLE SaLTS 
(30 Mg. per kilogram of body weight intr.aveuousdy) 


S-VLT 

i 

1 XO. OK 

1 AXf-XrALS 

1 BILE VOLUME PER 1 HOUR PERIOD 

30 lll.s'. 
AFTER 

IXJECTIOX 

1 

1 COSTROL* j 

riiiST iroua , 

M'TEli 

IXJKCTIOX 

% 

CH A xge 

1. Dehydrocholate 

5 


13.5 

! +575 

10.8 

2. Apocholate 

a 

2.0 


+400 

11.8 

Deo.vycholate 

(i 

2.0 

8.9 

+345 

11.2 

I. Cholatc 

c 

2.0 

7.3 

+265 

0.3 

5. Dehydrodeo.xyoholate 

a 

2.0 

0.4 

+220 

8.3 

(5. Glycocliolate (S)t 

c 

2.0 

0.4 

+220 

7.2 

7. Taurocliolate (S)t 

9 

2.0 

a.a I 

+175 

' 0.9 


•In order to illustrate the relative clioleretio effects more clearly, all of the volume out- 
puts have been recalculated on the basis of a coiiimon control value, l.u., 2 c.c. per hour. The 
actual control values \-.aried from l.fi to 3.6 c.c. per hour. 


tSuffloient of the natur.al compound w.ts not available for this study. 

The arst three salts produced a choleresis lasting somewliat longer than tlie last four; 
the choleresis of the last four was completed in one to one and one-half hours. 

Choleretic Studies . — The results of the choleretic studies are summarized 
in Table III. Sodium dehydrocholate is by far the best choleretic. It causes 
a greater and more prolonged choleresis than any of the other salts studied. 
Based on the percentage increase in bile output during the first hour after injec- 
tion, the salts may be groujied as follows in the oi-der of deciTasing cholei’etie 
properties : 

Group I (greatest cJiolcresis) Dehydrocholate 

Group II Apocholate 

Deo.\ycholate 

Group III Cliolate 

Dehydrodeo.vycholate 
Glycocliolate (S) 

Group IV Taurocholate (S) 

Comment . — Oxidation of the tliree hj^droxjd groups of cholic acid to keto 
groups markedly increases the choleretic properties. It also appears that re- 
moval of the hydroxyl group on C7 of cholic acid increases the choleretic activity 
somewhat. Preliminary results on chronic biliary fistula dogs’'’ do not support 
this finding. In these experiments the bile salts were given oraUy, and de- 
oxycholic acid proved to be only about two-thirds as effective a choleretic as 
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cholic acid. Ou the other hand, it has been reported that in the anesthetized 
rabbit, apoeholic acid produces a greater eholeresis than dehj'droeholic acid,^® 
and that both apoeholic and deoxyeholie acid produce a greater eholeresis than 
cholic acid.'® The results of recent .studies'* suggest that con.iugation suppresses 
the choleretic effect of the ketocbolanic acids. The authors of this report 
point out the fact that their results do not mean that conjugation of all keto- 
cholanic acids will depress their choleretic activity or that the oxidation of all 
cholanic acids will give them hydroeholeretic properties. 

Our results show that equivalent weights of the conjugated acids are less 
choleretic than cholic acid. Assuming eholeresis to be dependent on cholic acid 
content, and using the eholeresis it caused as a base, one would expect approx- 
imately a 213 per cent eholeresis with tauroeholic acid and a 234 per cent 
eholeresis with glyeocholic acid (since our tauroeholic acid preparation assayed 
80 per cent cholic acid and our glycoeholie 87 per cent cholic acid). Our re- 
sults thus appear to indicate that conjugation with glycine has little effect on 
the choleretic properties of cholic acid, whereas conjugation with taurine de- 
presses this property. Preliminary results on chronic fistula dogs also appear to 
indicate that conjugation with taurine depresses the choleretic action of cholic 
acid. 

It is of interest that oxidation of deoxyeholie acid to the dehydro form did 
not in our experience increase the choleretic properties of this substance. Adlers- 
berg and Lustig'^ quote unpublished w'ork which indicates that dehydrodeoxy- 
cholie acid is less toxic and more choleretic than the hydroxyacid. Tliey also 
report acute experiments in Z’abbits showing that dehydroapoeholic acid is more 
choleretic than apoeholic, and that both the latter acids are better choleretics 
than dehydrocholic acid. Sobotka" states that dehydrodeoxycholic acid is a bet- 
ter choleretic than dehydrocholic. The source of this statement is not given. 
In our experience, dehydrocholic acid was by far the best choleretic. 

DISCUSSION 

The literature on the toxicity of bile has been completely reviewed in 
Horrall’s recent book.* IMuch of the earlier work is of questionable significance 
because pure substances were not used. To sununarize an extensive literature, 
toxicity studies by various methods (lethal doses in different animals, effect on 
excised heart and skeletal muscles, effect on the gall bladder) reveal that cholic 
acid is much le.ss toxic tlian deoxyeholie and that dehydrocholic acid is the least 
toxic of all. The majority of studies on hemolysis place the order of increasing 
hemolytic activity as follows: dehydrocholic < cholic < apoeholic < deoxy- 
cholic. In general, these results are in agreement with our own. It is worthv 
of note that the relative toxicity, as tested by depre.ssion of blood pre.ssure and 
hemolysis, is practically identical. The structural implications of our results 
have already been di.scussed. 

The majority of the pertinent literature on eholeresis has been cited 
Regan and Horrall” found glyeocholic acid to be more toxic and le.ss choleretic 
than dehydrocholic acid. This is in agreement with our findings. 
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SU-MilARY AND CONCLUSIONS 

1. Tlie toxic and clioleretic projiertics of seven bile salts have been studied 
in the dog. 

2. Based on depressor and lieinolytic activity, dehydrocholate is the least 
toxic salt, and apocholatc and dcoxj'cholate are tiie most toxic salts. The other 
four salts form a group of intermediate toxicity. 

3. A discrepancy in the liemolytic aetivitA' of two different preparations, 
one synthetic and the other a “natural” but not pure, of the conjugated eholates 
has been noted. The probable explanation of this fact is discussed. 

4. Sodium dehydrocholate, or oxidized eholie acid, or a kctoeholanic acid, is 
the most effective choleretic, as well as the least toxic. Sodium tauroeholate is 
the least eifective. Dcoxycholie acid is not a good choleretic and is relatively 
quite toxic. 

5. The influence of chemical structure on the toxic and choleretic properties 
of the bile acids has been discussed. 
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MULTIPLE SERUM ALLERGY IN ATOPIC INDIVIDUALS"' 


A. Irwin Kleinjian, M.D,, and Harry Markow, M.D. 
Brooklyn, N. Y. 


W ITH the increasing use of animal sera in modern therapeutics, the subject 
of serum allergy is assuming ever increasing importance. It is not the pur- 
pose of this paper to undertake a general discussion of this subject,! but rather 
to determine the frequency with which multiple serum allergy occurs in allergic 
individuals, and the possible dangers involved when serum of one animal is sub- 
stituted for that of another without preliminary tests. 

Serum allergy may be defined as a state of hypersensitivity to a foreign 
serum, usually the result of a previous serum injection. In the allergic patient 
it may be coincident with a sensitiveness to the animal dander which contains 
also a small amount of serum antigen. The parenteral administration of a 
foreign serum in atopic persons even in minute quantities, is likely to result in 
serum reactions. The latter may be of the delayed type — accelerated serum 
sickness, or the precipitating or immediate reaction. A history of asthmatic 
attaclis when in contact with horses, “horse asthma,” or, for that matter, a 
history of allergic manifestations when in contact with other animals, increases 
the possibility of severe or even fatal reactions to a much greater degree. 
Boughton^ in 1919 reported a death which resulted from the administration of 
one minim of horse serum intravenously to a horse asthmatic. Fatal reaction 
from an intracutaneous test with 0.05 c.c. of horse serum was described by 
Friedman^ in 1935. Lobo^ in 1936 reported a death which resulted from the 
subcutaneous injection of 5 c.c. of antidysentery serum to a 1-year-old child 
with “exudative diathesis.” In 1937 Vaughan and Pipes, ■* in reviewing the 
literature from 1923 to 1935, found reports of 35 fatalities from serum adminis- 
trations, 6 of the deaths following intracutaneous tests with undiluted serum. 
Shock following an intravenous test’ j Avith a 1 :50 dilution of rabbit serum in 
two allergic individuals Avas described by Horsfall and his co-Avorkers.® 

ils the reports in the literature deal mostly Avith horse serum, the question 
arises Avhether the dangers involved in its use in allergic persons may be circum- 
vented by substituting a serum obtained from an animal other than the horse. 
Horsfall and his co-Avorkers,='-’ for example, have advocated the substitution of 
antipneumococcus serum obtained from the rabbit for that of the horse. They 
set fort h the many desirable advantages that it offers immunologieally and also 


♦From the Allersy Department. Beth El Hospit.a), Brooklyn. 
Hccelved for publication, September 30. 1910. 


.■illers’y, tlie reader is referred to 


tFor a comprehensive analysis of the literature on serum 
a review by Ilarten and AA'alzer, J. Allerto' 11: 6S, 1939. 

. .... auUiors feel that the intravenous te.st to establish .serum sensitivltv in 

Is the possible occurrence of severe immediate serum reactions or etem 

i.a a procedure fraught with much danker and should, therefore, not bo used routfnelv t'**!]' 
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pointed out tiiat a smaller pereenlago of persons arc apt to be sensitive lo rabbit 
serum than to horse scrum. That such is the ease cannot be denied, consideriu" 
the fact that immune sera up to recent times have been derived from the horse 
almost exclusively. One must hear in mind, liowever, that the occurrence of 
atopic serum allergy does not necessarily require a previous .serum injection, as 
exposure to the animal dander in allergic persons may .sensitize them to the 
homologous serum as well. That horse dander contains also a small amount of 
horse serum antigen has been amply demonstrated by the work of Kackemann,^ 
Forster, “ Ratncr and Oruehl,'” and Tuft.** That this is also true of other animal 
danders may be deduced from tlie work of IValker,’- who showed that 70 per cent 
of his cat dander cases were also allergic to cat serum. These figures indicate 
an even higlier percentage of serum antigen in the danders of these animals than 
in that of the horse, since he obtained only 22 pej* cejit of horse .serum reactions 
in those allergic to the horse dander. 

Simon*^ in 1934 reported 12 patients whom he skin-tested with 9 mammalian 
sera and found that 3 of these reacted to ail 9 .sera, 4 reacted to hoi’se serum plus 
one or two additional sera, and 5 were .sensitive to hor.se serum alone. As a result 
of these finding.s, he eoneluded that there must be a common serum antigen in all 
mammalian sera in addition to a .specie.s-.specific antigen eharaet eristic of each 
one; and that whereas most people become .sensitized to the latter factor, .some 
few become allergic to the common factor. Two of 67 jAatients Avith pneumonia 
reported by Horsfall and his co-workers' Avere found to be sensitive to horse 
serum and Avent into shock after an intraA’cuous test Avith rabbit serum, thus 
indicating that they Avere sensitiA-e to at least tAA-o sera. 

It appears, therefore, from these obsei-A-ations that there arc persons aaIio 
may be sensitive to more than one .serum. Indeed, some probably are scnsitiA-c to 
all mammalian sera. In a-icav of these facts it Avas our object to iin-estigate: 
(1) the frequency AA'ith AA'hich .sensitivity occurs in allergic persons to the serum 
of horse and other animals; (2) the A’aluc of the .skin a7ul ophthalmic tests in 
the diagnosis of serum allergy; (3) the relationship betAveen serum and dander 
allergy; and (4) the eomparatiA’e ineidenee of horse serum allergy in allergic 
persons aa'Iio prcA’iously had received .serum injeetiojis and in those Avho had not. 

Forty jAatients from our Allergy Clinic, consisting of hay fever and asthma 
cases, Avere tested AA’ith 1:100 and 1:10 dilutions of horse, goat,® rabbit,® and 
sheep serum Avith the intracutaneous skin and ojjhthahnic tests, and also AA'ith 
the corresponding danders (Table I). Of these, 3 eases originally reacted to 
1 :100 dilution of horse seruzn by the intracutaneous skiji test Avith a four-plusf 
reaction. These cases and any others that reacted to the higher dilution of a 
serum AA'ere, for obvious reasons, not tested AA’ith the 1 ;10 dilution. If the re- 
action Avith the 1 ;100 dilution A\'as three plus or less, a 1 :10 dilution of the 4 

•Rabbit and goat sera were kindly supplied by tbe Lederle L.aboratories. 
tThe reactions were read after an interval of ten to Bfteen minutes, according to tlie fol- 
lo-wing scheme; 

Four plus — large wheal 2 cm. in diameter or >seudopodia. 

Three plus — wlieal smaller than above, with no 

Two plus — definite nheal smaller than above, j._ — .. 

One plus — erythematous flare with slight or no wheal. 

0 — no discernible reaction. 
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different sera was used for skin testing. On a subsequent visit/' conjunctival 
tests! were performed with 1 :100 dilution of the sera. If the test was positive, 
the higher concentration was not used. When the opposite was the case, the 
tests were repeated udth the 1:10 dilutions. No more than one conjunctival test 
was done at one time ; the other eye was used as a control. In case of obvious 
lack of sensitivity more than one serum ivas used for testing after a propel 
interval. 



Fig. 1. — Case 1. Patient S. B. Direct intracutaneous skin tests with 4 different sera 
diluted 1 :100. Photographed after twenty minutes. All reactions were markedly positive to the 
4 sera, showing wheal with pseudopods and area of erythema, a, Horse serum 1 :100 ; o, goat 
serum l-.lOO; c, rabbit serum 1;100; d, sheep serum 1:100 ; e, control, buffered saline; f, con- 
trol, buffered saline. 


Of the 40 allergic individuals studied, 3, or 7.5 per cent, yielded four-plus 
skin and positive conjunctival reactions to all 4 sera (Table II; Figs. 1 and 2). 
These 3 cases in addition exhibited systemic reactions besides the marked local 
reactions. The former consisted of sneezing fits and attacks of asthma which 
required the administration of epinephrine. One patient (Case 1) also exhibited 
angioneurotic edema of eyelids and face, and generalized urticaria ; another 
(Case 24) showed four-plus skin reactions to goat and sheep sera, and negative 
reactions to the other two sera; the ophthalmic reactions were not done due to 
the patient’s failure to return to the clinic. Four patients, or 10 per cent, evi- 
denced four-plus skin reactions to one or more serum, 3 of them also exhibited 
positive conjunctival tests, 1 was not tested; the remaining 36 eases evidenced 
skin reactions varying from three to one plus; and none gave a positive ej’e test. 
If all degrees of skin reactions are considered, then there were 25 cases who 
reacted to horse serum, 21 to goat serum, 21 to rabbit serum, and 22 to sheep 
serum. Completely negative reaetions were obtained in the remainder (Table 
II). The number of four-plus .skin reaetions obtained by Brown and Seehzer" 


•It w;iH found wise to perforin the intracutaneous and ophtlialmic tests on 
since positive reactions to both were followed by constitutional reactions in 3 case 
the use of adrenalin, and, in one case, the use of aniinophyllin also. 


different days, 
nece.s.sitating 
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Table 


Results op Intkacutaneous and Oputiialmic 


CASE 

AGE 

SEX 

ALLEIICiY 

OX 

CONTACT 

WITH 

ANnrALS 

3IISTORV Oy 
PIIEVIOUS 

SERUlt IN'JEC- 

rioxs 

IIISTOItY 

OP 

PKEVIOUS 

SEItUJt 

SICKXESS 

HORSE 

SERUM 

DAXDER 

iNTILtCU- 

TAXEOUS 

OPHTHAL- 

MIC 

Duffi] 

nni 

USE 

■HE 

■EE 

10 

1.— S. B. 

20 

F 

No 

D.A.T.* 

No 

+4++ 


Ih- 1 t 


4444 


2.— N. B. 

9J 

F 

No 

No 

No 

0 

0 


0 

0 

0 

3.— N. B. 

91 

If 

No 

T.A.T.t 

No 

0 

++ 


0 

0 

0 

4.— :ii. c. 

50 

F 

No 

No 

No 

0 

0 

0 

0 

"H- 

4-H- 

5.— R. D. 

32 

F 

No 

D.A.T. at age 

No 

0 

0 


0 

0 

0 





of 12 








6.-1. E. 

30 

If 

No 

T.A.T. 

No 

0 

4 


0 

0 

0 

7.— N. E. 

12 

11 

No 

No 

No 

0 

0 


0 

4 

T 

S.— W. G. 

22 

M 

B.A.t 

No 

No 

-H+i- 


4444 



-H- 




Rabbit 












wool ? 









0.— H. G. 

13 

F 

No 

D.T.-V.T.?t 

No 

+4 

TT ^ 

0 

0 

0 

0 

10.— R. K. 

30 

11 

No 

D.T.A.T. — twice 

No 

0 

0 

0 

0 

0 

0 





last 18 rao. 








11.— Y. K. 

15 

F 

No 

T.A.T.— twice 

No 

0 

0 

0 

0 

0 

0 





2 and 3 yr. ago 








12.— F. L. 

34 

F 

No 

No 

No 

0 

44- 

0 

0 

0 

T 

13.— L. M. 

42 

F 

No 

No 

No 

0 

0 

0 

0 

0 

0 

14.— C. M. 

56 

F 

No 

No 

No 

++ 

44 

0 

0 

44 

-H-f 

15.— S. P. 

14 

F 

No 

No 

No 

+4+T 


4444 



4444 

16.— R. P. 

6 

11 

No 

No 

No 

0 

0 

0 

0 

0 

0 

17.— J. S. 

41 


No 

No 

No 

+ 

4 

0 

0 

0 

0 

18.— I. I. 

42 


No 

No 

No 

0 

4 

0 

0 

0 

4 

19.— L. W. 

14 

11 

No 

D.T.A.T. 

No 

0 

0 

0 

0 

0 

0 

20.— 11. W. 

41 

If 

No 

No 

No 

0 

4 

0 

0 

0 

0 

21.— 11. Z. 

00 

F 

B.A.t 

No 

No 

+ 

4 

0 

0 

4444 

0 




Horpes 









22.— A. P. 

51 

11 

No 

No 

No 

+ 

4 

0 

0 

0 

0 

23.— If. H. 

50 

If 

No 

No 

No 

0 

+ 

0 

0 

0 

0 

24.— P. G. 

32 

F 

No 

No 

No 

0 

0 

0 

0 

0 

0 

25.— J. W. 

28 

11 

No 

No 

No 

+ 

+ 

0 

0 

0 

44 

26.— B. F. 

DO 

11 

No 

No 

No 

0 

0 

0 

0 

0 

0 

27.— S. F. 

32 

F 

No 

No 

No 

0 

4 

0 

0 

0 

0 

28.— P. G. 

60 

If 

No 

No 

No 

+ 

44 

0 

0 

4 

44 

29.— A. H. 

53 

11 

No 

No 

No 

0 

0 

0 

0 

0 

0 

30.— P. S. 

11 

If 

No 

T.A.T, — twice 

No 


444 

0 

0 

0 

0 





at age 3 








31.— J. C. 

8 

If 

No 

T.A.T. — twice 

No 

0 

4 

0 

0 

0 

0 





at ago 7 








32.— A. R. 

54 

If 

No 

No 

No 

0 

0 

0 

0 

0 

0 

33.— R. B. 

10 

F 

No 

D.T.A.T. 

No 

0 

0 

0 

0 

0 

0 

34.— I. B. 

40 

11 

No 

No 

No 

0 

+ 

0 

0 

0 

0 

35.— A. N. 

54 

If 

No 

No 

No 

0 

4 

0 

0 

*f 

44 

36.— E. G. 

32 

F 

No 

D.A.T. 

No 

0 

4444 


4444 


4444 

37.— P. R. 

33 

F 

No 

No 

No 

0 

44 

0 

0 

4 

++ 

38.— F. G. 

36 

F 

No 

No 

No 

+ 

44 

0 

0 

0 

0 

39.— S. B. 

38 

M 

No 

No 

No 

0 

0 

0 

0 

0 

0 

40.— R. F. 

41 

F 

No 

No 

No 

+ 

+ 

0 

0 

0 

0 


•D.A.T. — Diphtheria antitoxin. 
tT.A.T. — Tetanus antitoxin. 
tB.A. — Attack of bronchial asthma. 
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Tests With i Foreign Sera on 40 Allergics 
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with rabbit serum tests in 101 allcrg’ie pei’sons ■wore 2 as compared with 3 such 
reactions in our series oi’ 40 cases; we obtained 3 positive conjunctival tests to 
their 1. The discrepancy in these tigures may be exi)]ained by tlie fact tliat these 
authors tested 101 cases at random, whereas wo started witli 3 patients who were 
allergic to horse serum. 



Flff. 2. — Case 1. Patient S. B. Positive oplillialnilc tent ot rii^ht evo (one ilrep of 1 :10l) 
sheep serura was Instilled) ; left eye control. PliotoKraiaied after ten niihutes. Re.action. how- 
ever, started in about three minutes. Patient experienced marked Itchlnc and also tearlns of 
tiie eye. Rhlnorrhea, sneezing, and choking of the chest witli Oyspnea also occurred. Adrenalin 
1;1,000 locally and subcutaneously had to be administered. 

Brief case histories of 5 persons who reacted i)ositively to one or more serum 
and one or more danders are given. 

C.tSE REPORTS 

Case 1. — S. B., a female steiiograplier, aged 20 years, hail perennial bronchial tisthma. 
She gave no history of allergie symptoms on contact witli animals, nor of any previous serum 
administration. She reacted to all 4 sera both by skin and eye tests, i'our-plus skin reactions 
were also obtained with liorse and eat dander and pork, beef, and lanib. TJiere were clinical 
improvements from the elimination of these foods. She exhibited constitutional reactions fol- 
lowing skin tests with all 4 sera, conjunctiva! test with one of them necessitating the use of 
adrenalin and aminopliyllin for the relief of asthma and angioneurotic edema (Figs. 1 and 2). 

Case S. — W. G., a male, aged 22 years, waiter at tlie Hospital, had perennial astluua. 
He gave a definite liistory of asthmatic attacks when in proximity to rabbits and ivhcn working 
in a sweater factory. There was no history of any serum injections. He reacted to all 4 
sera both, by skin and conjunctival tests, and also sliowed four-plus skin reactions to goat, 
rabbit, cat and dog epitbelia, and also to pork. Jamb, beef, and milk. Constitutional reaction 
resulted from the positive skin and eye tests, necessitating the use of adrenalin. 

Case 15. — S. P,, a 14-year-old schoolgirl, had perennial asthma. She had had diplithoria 
toxin-antitoxin in childhood, but no other sera. She gave no history of any allergic man- 
ifestations on contact with animals. Pour-plus skin reactions to all 4 sera, as well as positive 
conjunctival tests, were obtained. Tlie danders of horse, rabbit, cat, and dog, as well as pork, 
lamb, and beef, yielded four-plus skin reactions. Constitutional reaction resulted from the 
positive skin and eye tests, necessitating the use of adrenalin. 

Case 24. — P. G., an Austrian female, aged 32 years, domestic, Jiad seasonal hay fever and 
was asthma sensitive to grasses. She presented no history of any prior serum administration 
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nor allergj’ on contact with animats. Goat and sheep seta yielded positive four-plus skin re- 
actions. Horse and rabbit sera yielded negative reactions. The ophtlialmie reactions were 
not. done since the patient failed to return. Ho reactions to the homologous or to other 
danders were obtained. 

Case 30,~E. G., a female, aged 32 years, housewife, had seasonal hay fever and was 
asthma sensitive to ragweed and trees. She had diphtheria antitoxin in childhood, but no 
other sera. She gave no history of allergic symptoms on contact with animals. She had a 
four-plus skin and positive coniunctival test to horse serum. She did not react to the other 
sera. She also exhibited a four-plus skin reaction to horse dander but not to other danders- 


In studjGHg the ease histories of patients who showed positive reactions to 
serum, it may he noted that they also reacted to one or more animal danders. 
It has already been mentioned earlier in this paper that animal danders also con- 
tain a small amount of the homologous serum antigen. Exposure, therefore, to 
the animal dander may well sensitize an allergic individual to the serum. This 
may serve to explain, as brought out by Rattier and Gruelil's^® experiments on 
guinea pigs, the existence of allergy to serum in atopic persons in the absence 
of pretuous serum injections. Of the 3 patients who evidenced four-plus skin 
and positive eye reactions to all 4 sera, one (Case 8) reacted with four-plus skin 
reactions also to goat and rabbit danders; another one (Case 1) evidenced 
similar reactions to horse dander; another (Case 15) to horse and rabbit danders. 
The one (Case 24) that reacted only to goat and sheep sera did not exhibit any 
positive reactions to dander, and the one (Case 36) who was positive to horse 
serum only also reacted to horse dander. Although the number of eases with 
positive dander reactions® (4 plus) are too small in this series to warrant ar- 
riving at any conclusions, it may nevertheless be of interest to note that in 
atopic persons who are sensitive to animal danders, there is a tendency for them 
to be also allergic to the homologous serum. The 4 patients with four-plus reac- 
tion to horse epithelium were also positive to the homologous sei’um by skin and 
eye te.sts; one case out of 2 wuth four-plus reaction to the goat dander was also 
allei’gie to the serum; both cases with four-plus reaction to rabbit dander also 
reacted to the serum. Not one out of 4 positive sheep dander cases reacted to the 
serum. 


TufC= in 1932 in a study of servmi allergy after diphtheria toxin-antitoxin ' 
administration found that those who gave positive reactions showed a positive 
family or personal history of allergy in 34 per cent of cases, as compared with 
7 per cent in controls. These findings, he states, show that the “allergic constitu- 
tion is an important factor in predisposing those individuals to acciuircd serum 
allergy.” He also offers evidence to prove that this may not he mediated 
through the reagin mechanism. In our group of 40 allergies, as far as could 
be determined by questioning, only 12 had previously received either diphtheria 
toxiu-autitoxiu, or diphtheria or tetanus antito.xin (Table HI). Two of this 
group showed four-plus skin and positive conjunctival reactions to hor.se serum 
Two of the 28 who never had received any serum yielded similar rcaetioii.s If 
all deg rees of positive reactions to hoi-se serum are included, then 7. or 58.3 per 


•Tist-s ivure rerforinea with 
wf wluoi;»;n t«:r cubic ccnUmctcr). 
tnition w:us not tested. 


0.001 .und 0.01 conccntration.-i of dander c.xtr.ict rmillh... 

In care of four-nlu.s reaction to tj,e former. hiKhc" concen- 
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cent, of tlie 12 cases who previously had received serum, reacted to horse serum, 
and IS, or 64.5 per cent, of tliose who had not had any serum previously reacted 
to it. It appears, therefore, that there is very little difference in reactivity in 
these two groups. Since the series is small, no conclusions are attempted. 

Table II 


Fortv Allergics Tested With Four Mamjiauan Sera: Horse, Goat, Rabbit, Sueei* 




HORSE SERUM 

1 GOAT SERUit 1 K.VBBIT SKHUM | SHEEP SERUJX 



•1+ 

P5+12+11+1 

KEACTION’S 

Q\U 1 1 2-r i 1+ 1 01 4t i 3 t i 2-f i 14- 1 0l 4-f 1 34- 1 


|i+! 

0 

Number of eases 

4 

1 2 1 0 1 13 i 

Intracutaneous Tests Using 1:10 Dilutions 

35| 4 1 0 i 3 ! 14 1 39| 3 1 0 1 a 1 12 1 19| 4 1 0 1 

8 1 

!io; 

18 

Number of cases 

4 

1 0 1 0 1 0 1 

Conjunctival Tests Using 1 :10 Dilutions 

36| 3 1 0 1 0 1 0 j 37| 3 I 0 1 0 1 0 1 37| 3 10 1 

0 1 

0 1 

37 


Table III 

Comparative Incidence op Positive Skin and Conju.nctival Tests in ilLLERoics Who Had 
Previously Received Horse Sebum Injections With Those Who H.vd Hot 




RE.VCTIONS 


NUMBER 

OP 

CASES 

4+ SKIN 
-VND 

I’OSITIVE 

CON- 

JU.NCTIVAL 

3+ SKIN 

.\ND 

NEO.VTIVE 

CON- 
JUNCT! V.VL 

2+ SKIN 

.VND 

NEGATIVE 

CON- 

JUNCTIV.VL 

1+ SKIN 
AND 

NEG.VTIVE 

CON- 

JUNCTIVAL 

NEG.VTIVE 
SKIN AND 
CON- 

JU.VCTIVAt 

Those who previouslj’ 
had horse scrum injec- 
tions 


2 

2 

1 

o 

5 

Tliose wlio never had any 
serum injections 

28 

o 

0 

4 

32 

10 


SUJIMARY 

1. Four-plus skin and positive conjunctival tests were considered in this 
study as indicating allergy to serum. On the basis of the 40 allergies tested, 
5, or 12.5 per cent, exhibited positive reactions to one or more sera; 4, or 10 
per cent, to two or more sera ; and 3, or 7.5 2 >er cent, to all 4 sera. If all degrees 
of reaction are included, then 25 were completely negative to horse serum ; 19 to 
goat and rabbit sera, and IS to sheep serum. 

2. Every case with a four-plus skin reaction to a serum also exhibited a 
positive conjunctival test, and vice versa. At no time was a positive conjunctival 
test obtained where the intracutaneous test to the serum was less than four plus. 

3. a. Correlation between positive reactions to serum, and the corresponding 
dander antigen : 

(1) Of the 3 eases that reacted to the 4 sera, one case also reacted to horse 
dander; one to goat and rabbit dandex', and one to horse and rabbit. 

(2) The case that reacted to goat and sheep sei’um evidenced no positive 
skin reactions to any danders. 

(3) The case that reacted to horse serum alone also was positive to the cor- 
responding dander. 
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b. correlation between positive reactions to animal danders, and the cor- 
responding sera; 

(1) Of 4 cases that reacted with a four-plus reaction to horse dander, all 
4 also were positive by skin and conjunctival tests to the homologous 
serum. 

(2) Of 2 eases that evidenced four-plus reaction to goat dander, one re- 
acted to goat serum by skin and eye tests. 

(3) Both cases that reacted with a four-plus reaction to rabbit dander also 
showed positive skin and eye tests to the serum. 

(4) None of the 4 cases that reacted to sheep dander reacted to the serum. 
This may indicate that reaction to sheep dander is not very specific, 
or that there is a relatively low degree of association of sheep dander 
and sheep serum allergy. 

(5) Twenty-eight, or 70 per cent, of the eases had never received any serum 
injections, while 12, or 30 per cent, did. There was very little dif- 
ference noted in the number of positive reactions to horse serum in the 
two groups. Moreover, there were just as many positive reactions to 
goat, rabbit, and sheep sera where the question of prior serum injec- 
tion was not a factor. 


CONCLUSIONS 


1. Atopic persons may be sensitive to the sera of one or more species of 
animals. 

2. A four-plus skin and conjunctival reaction to a serum should be consid- 
ered prima facie evidence that sensitivity to it exists, and its avoidance or the 
extreme care in its use is indicated. 

3. Sensitivity to an animal dander is coincident in many cases with a 
sensitivity to the corresponding serum. 

4. In our series we found very little difference in the frequency of positive 
reactions to horse serum in allergic persons who previously had had serum in- 
jected (diphtheria and tetanus antitoxin and diphtheria toxin-antitoxin), and 
in those who had never received any serum. Extreme care should be exercised 
in the use of therapeutic sera in any allergic patient. 

5. In all cases the use of immruie sera obtained from any species of animal 
is not devoid of the possibility of serum reactions. In all circumstances skin and 
conjunctival tests should be performed before a serum from any animal is in- 
jected. The presence of a conjunctival reaction is a danger signal which should 
not be ignored. 
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CLINICAL CHEMISTRY 


PROTHROMBIN STUDIES USING RUSSELL VIPER VENOM"" 


II. Rel.vtiox of Clotting Time to Prothkojibix Coxcextratiox 
IX Hujiax Plasma 


Robert C. Page, Edwix J. de Beer, Ph.D., axd 
jMartha L. Orr, M.S., New York, N. Y. 


T he iise of Russell viper venom instead of tissue extract as the source of 
thromboplastic substance in determining the prothrombin clotting time was 
reported first by Fullerton," and later by Page and Russell.^ 

The end point of the test is taken as the number of seconds required for a 
fibrin web to form when calcium is added to a mixture of oxalated plasma and 
Russell viper venom. The time (result in seconds) obtained is generally con- 
sidered to be inversely proportional to the concentration of prothrombin in the 
plasma. In order to determine the relation of prothrombin concentration to 
clotting time, using Russell viper venom as the thromboplastic agent, the study 
outlined here was carried out. 


ilETHOD OF STUDY 


Blood of normal persons and of patients attending an outpatient clinic is 
obtained. Only blood from patients not suspected of having liver damage or a 
vitamin K deficiency is used. Four and one-half cubic centuneters of venous 
blood are drawn into a dry syringe and mixed with 10 mg. of potassium oxalate 
in a centrifuge tube. The blood is centrifuged at 1,500 r.p.m. for five minutes 
and the oxalated plasma is draMOi off. The test is performed as follows ; 0.2 c.c. 
of oxalated pla.sma is pipetted into a .small test tube (75 by 10 mm.) and 0.2 
c.c. of Ru-ssell viper venom, t 1:10,000 solution, is added. Calcium chloride 
solution (1.11 Gm. calcium chloride per 100 c.c.), 0.2 c.c., is then added, and the 
stop watch is started. The tube is agitated for ten to fifteen seconds in a water 
bath (37.5° C.), then removed and tilted until separate discrete fibrin particles 
can be seen. The fir.st appearance of the fibrin particles is taken as the end 
point. The prothrombin clotting time is determined on the undiluted plasma 
(100 per cent). Then a sample of the 100 per cent plasma is diluted with 
physiologic .saline solution so that it represents SO per cent plasma, and its pro- 
thromb in clotting time is determined. Serial dilutions are made containing 


•From lliu Chomlc:il Uiboriitory of the Department of Surcere roll,.eo r^r . 
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Plasma CotlCtMTHATlOM Itl PEUCStiT 

Flsj. 1.— -^liowitiR yio agruemunt between the plotted points and the curve calculated from 
the equation T = ShT-SX"* wJiere T Is the clottins time in seconds and .V is the pcrccntusc 
concentration of the plasma. Eacl\ plotted point is an average of 2ti values. 



30 •‘10 SO 60 70 80 90 100 


Prothrombin Concentration in Percent 


Fig. 2. — A chart giving the probability that an observed prothrombin clotting time or 
prothrombin concentration is normal. Case I. AVJien the clotting time iias been determined by 
the method described in this paper, or by some type of Quick's inetliod giving essentially the 
same results (Page and RusselP), use the left-hand scale and tlien locate tlie corresponding 
point horizontally opposite on the curve. The nearest probability may tlien be read directly. 
Case II. Wlien tlie average normal value has been found by experience to be appreciably differ- 
ent from twenty seconds, express the observed clotting time as a per cent of tlie average normal 
value and use the righthand scale. For example, if the average normal value in the experience 
of the laboratory has been found to be 23.2, and the particular observed value to be 30 (a fl^re 
which is about 135 per cent of the normal), the right-hand scale shows that the chances of this 
value being normal are quite small, i.e., between l ;100 and 1 :1,000. 
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respectively, 60, 40, and 20 per cent of plasma, and the prothrombin clotting 
time is determined for each dilution. Each test is performed in triplicate, and 
the average time is taken for the result. 

If the oxalated blood is allowed to stand for more than two hours before 
centrifugation, the prothrombin clotting time is usually increased, but occa- 
sionally it is decreased, the latter probably due to hemolysis with release of 
lecithin. If, on the other hand, the oxalated blood is centrifuged immediately, 
or at least within an hour, and the separated plasma is allowed to stand at room 
temperature for one and one-half to five hours, the prothrombin clotting time is 
usually increased in both the 100 per cent and 20 per cent plasma dilutions. 
These changes in prothrombin clotting time incident to standing led us to per- 
form the test as soon as possible after the ■withdrawal of the blood. 

RESULTS OP STUDY 

The routine was carried out on 26 persons, and the resulting data are sum- 
marized in Table I. By extensive statistical treatment, the hyperbola of Pig. 1 
was found to fit these data. Quiek^' ^ reports similar findings for data obtained 
by his methods. 


Table I 

Pkothrosibin Clotting Time Data for Different Concentrations op Plasma Using 
Samples op Blood Prom 26 Patients 



PERCENTAGE 

100 1 

80 

60 

40 1 

20 

Mean 

20.76 see. 

22.81 

26.60 


51.36 

Maximum 

25.0 1 

27.8 

1 33.4 

42.2 

1 69.5 

Minimum 

15.4 

16.5 ' 

17.0 



Standard deviation 

2.32 

2.99 

1 3.80 

1 5.82 

1 8.67 


DISCUSSION 


"What is normal prothrombin clotting time? The question as to whether a 
particular clotting time is normal or abnormal is of great practical importance, 
and because of individual variations is difficult to answer. However, by means of 
Fig. 2* it is possible to estimate what the chances may be that a given high 
clotting time represents a high normal figure. If the chances are very slight that 
the high figure is normal, one may then be more certain that the high value is due 
to abnormal causes. Thus for example, if the clotting time of a patient’s 
plasma is twenty-four seconds (corresponding to a plasma prothrombin concen- 
tration of about TO per cent) should the value be considered a high normal, or 
does it indicate an abnormal clotting time? Reference to Fig. 2 reveals 
that the chances of such a clotting time being normal are only 1 to 20, and that 
the value must be considered on the border line. If the clotting time is twenty- 
sLx seconds corresponding to a plasma prothrombin concentration of about 63 per 
cent, the figure may quite safely be considered abnormal, since the chances are 


•FIr. 2 waa constructed as follows; All clottins times were expressed as IncnritUrvo 

Oio distribution then appears to be more nearly normal, and the expected Se.an and the ^tInda?M 
deviation were found to be 1.2261 and 0.0195r>, respectively. Three multiples of . 

deviation (O.OSlj. 0.1133, and 0.1331) corre.spondlng to the probabilities^ 0 05 0 01 anV? Onn‘^ 
were added to the moan. The antiloss of these three sums were found, and the resulVin^ oIoImH 
limes were marked off on the curve of Fig. 2. Tlie tl.roe factor.s for nmltipfylng tl 
deviation may be computed from such tables as Pearl's' areas of tlie normal 
or tlie problt tables of Bll.'s.* normal probability curve 
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1 to 100 against a novinal clotting time being so high. It’ the clotting time is 
twenty-eight seconds, the plasma pvothroinhin concentration is only about 55 
per cent, and the certainty that an abnormal condition exists is even greater, 
since the chances that it might be normal have now dropped to 1 ;1,000. 

It is recognized that the same method o£ prothrombin determination in the 
hands of different workers docs not always yield identical results. Since in- 
sufficient evidence exists as to how close an agreement may be expected between 
different laboratories, Fig. 2 has been made suflieiently adaptable to take care of a 
variety of conditions. “When the average clotting time differs appreciably from 
the value reported in this paper, an adjustment may readily be made by express- 
ing the clotting time as per cent of the mean. 

Differences in the standard deviation which measures the variability about 
the mean must also be considered. Table I shows that the nnselected data of 
this study are cpiite closely grouped about a mean value of about twenty seconds. 
If the data in cpiestion arc much more scattered than these, the deviation of any 
suspected observation from the average normal value must be relatively greater 
before it can be considered abnormal. To take an extreme case, suppose that the 
standard deviation is twice as great as that reported in this paper. Then the 
three clotting times corresponding to chances of 1:20, 1 :100, and 1:1,000, would 
have increased only to twenty-nine, thirty-four, and forty seconds, respectively. 
If, on the other hand, the standard deviation is less, then smaller deviations of 
the clotting time from normal would be significant. 

SmiMARY 

Plasma prothrombin dilution studies, using a modified Quick’s method em- 
ploying Russell viper venom instead of brain substance extract, have been 
carried out on 26 human beings who were found to be normal by clinical tests. 

Ill our hands, using normal undiluted (100 per cent) human plasma, this 
test gave an average prothrombin clotting time of 20.6 seconds. 

AYhen the normal plasma was diluted with physiologic saline according to 
the following proportions, the prothrombin clotting time increased as the dilu- 
tion was increased. 


OXALATED PLASMA 

PER CENT 

MEAN PKOTIIROMIUN CLOTTING TIME 
SECONDS 

100 

20.70 

so 

22.S1 

00 

20.00 

40 

03.10 

20 

51.;i0 


Graphs for computing tlio plasma prothrombin concentration (in terms of 
percentage of normal) from a known clotting time were worked out and are 
presented in Pigs. 1 and 2. 

The probability of an increased prothrombin clotting time being normal was 
given consideration. If the clotting time increases, the odds that it could still be 
normal decrease, and a statistical computation of this part of the study has been 
incorporated into a graph that may be used in connection with any method for 
determining prothrombin clotting time. 

■We wish to express our appreciation for the assistance and cooperation of Dr. Louis Bau- 
man in whose laboratory this work was carried out. 
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THE SIGNIPICANCE OP THE XANTHOPEOTEIN EEACTION IN 
EENAL INSUPPICIENCY AND OTHEE CLINICAL CONDITIONS* 


Oscar B. Eagins, M.D., Ida Kraus, Ph.D., and George C. Coe, M.D. 

Chicago, III. 


I N 1939 Kenny and Hubbard^ revietved the literature and reported their re- 
sults based on 46 xanthoprotein determinations performed on 39 patients 
with renal insufficiency. Among other statements, they concluded that “aside 
from acute nephritis, the xanthoprotein reaction offers the best index of uremic 
intoxication and that uremic symptoms in individual cases may not parallel 
retention of urea nitrogen but rather that of aromatic substances.” 

The differential diagnosis between uremia and other clinical conditions 
simulating the uremic state is not always easy, especially so when a patient is 
seen for the first time in coma or in a comatose state. This is particularly true 
at the Cook County Hospital where numerous patients in whom early diagnosis 
is imperative, are brought into the emergency room. Although the blood non- 
protein nitrogen and creatinine levels are routinely determined on aR hos- 
pitalized patients, these are time-eonsuming procedures and not infrequently, 
therefore, accurate diagnosis must await these laboratory reports. 

Impressed by this report and an earlier one by Steen^ in which he analyzed 
210 tests on blood and body fiuids from living patients and from autopsies, we 
have studied the xanthoprotein reaction in renal insuffieienej^ (uremia) and 
other clinical conditions in order to determine its efficacy in diagnosis and prog- 
nosis in uremia. 

In 1924 Beeher and his associates^ reported an increase of aromatic sub- 
stances— an ether-soluble group comprising phenols, cresols, aromatic oxyacids 
and indoxyl, and a noncther soluble group containing the amino acids, tyrosine 
phenylalanine, and tryptophane — in the blood of patients with renal' insuffi- 
eieney. In 192.5 Beeher and Koeh* reported markedly increased xanthoprotein 
values (80 to 250) in patients with uremia and indicated that uremia wa.s le.ss 
depend ent on retention of nitrogenous products than on that of aromatic sub- 


•From lliL* Cook County ami Mount Sinai Hospllnl-'*, Chiciigo, 
IloLvlvoil for pubUcallon. July 11, 1311. 
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stances, and that phenol poisoning resembled true uremia. Irdelp, Guchaii, 
and Kazin® placed tlie normal .\anthoprotein value between 15 and 35 and 
showed increased values in all types of I’cnal insufficiency. 

In our study we liave performed 354 xanthoprotein determinations on 295 
patients witli various clinical conditions, according to the following technique, 
which is slightly modified from that originally described by Bechcr:® 

To 3 or 4 e.c. of oxalatcd blood or serum, add an equal volume of 20 per 
cent trichloracetic acid and mix thoroughly. Allow to stand for .several minutes 
and filter through a Whatman No. 40 quantitative filter papei\ The filtrate 
must be absolutely clear, since a slight turbidity ivill obviate the result. If the 
filtrate is turbid, refilter it using a little pumice or talcum to clarify. To 1 
c.e. of the clear filtrate add 1 drop of concentrated sulfuric aeid, 0.5 e.c. of 
concentrated nitric acid, and a glass bead, and boil over a free llamc for about 
a minute. Cool and add drop by drop about 1 c.c. of saturated sodium hydrox- 
ide till the mixture is alkaline. A marked golden color is obtained when 
phenolie bodies are present. A pale straw color is considered a negative test. 

Quantitative Expression . — ^Hlake all measurements accuratelj’- and boil as 
evenly as possible so as to avoid excessive evaporation. Compare the color of 
the final mixture with a standard 0.3S74 per cent solution of potassium dichro- 
mate, Prepare a series of standards as shown in Table I. 


Tousle 1 


xo. 

ic,cr,o, 

0.3S74% 

WATER 

.i 

DILUTION 

1 X.VNTHOPnOTEIN 

1 NOXtBEB 

I 

0.1 c.c. 

■■ngKOHjlH 



n 

0,1 c.c. 




m 

0.1 c.c. 




IV 

0.1 c.c. 




V i 

0.1 c.c. 
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Compare the unknown in the tube macroscopically with the diluted stand- 
ards or in a colorimeter. Thus, if the unknomi solution matches standard No. 
II, the xanthoprotein number is 50; the colorimetric readings would be 


Standard set at 10 
Unknown reads 19.5 


X 0.1 X 1,000 = 50+. 


Since normal equals 15-35, macroscopic comparison was considered sufficiently 
accurate. 

RESULTS 

Renal Insufflciencij (Uremia). — Sixty-four xanthoprotein determinations 
were performed on 36 patients with uremia. Of these, 34 showed a rise in 
xanthoprotein values above 60, associated with a uremic rise in nitrogenous 
retention (i.e., 90 mg. nonprotein nitrogen per 100 c.c. of blood or higher), 
although the rise in the xanthoprotein reaction did not always correspond 
in degree to the rise in the blood nonprotein nitrogen level. 

Xanthoprotein values ranged from 62 to 460, and the nitrogenous reten- 
tion from 37 to 250 mg. per 100 e.e. In two eases the xanthoprotein values 
were below 60, while the blood nitrogenous level was above 90, i.e., of uremic 
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nature. Conversely, three eases showed marked xanthoprotein elevations (125, 
167, and 70, respectively), while the nonprotein nitrogen level was only 60, 64, 
and 37, respectively. In only two of the 36 eases, therefore, the nonprotein 
nitrogen determination was of greater significance in diagnosing uremia than 
was the xanthoprotein reaction, whereas in three cases the reverse was true. 

All hut two of these patients died in uremia. In one patient repeated tests 
indicated a decreasing xanthoprotein value, although the nonprotein nitrogen 
remained elevated, and he was subsequently discharged; the other patient had 
elevated xanthoprotein and nonpi’otein nitrogen values, but left the hospital 
before repeat studies could be performed. Of the 34 patients who died, two 
had xanthoprotein values below 50. In one patient in whom 12 xanthoprotein 
determinations were performed over a period of several months, the highest 
value was 50, although nonprotein nitrogen values ranged from 93 to 212 mg. 
per 100 c.c. ; in the second patient the xanthoprotein value was 35, and the 
nonprotein nitrogen was 239. 

Six patients with no clinical evidence of uremia showed xanthoprotein 
reactions over 60: one patient each with nephrosclerosis, nephrosis, rheumatic 
heart disease, lysol poisoning, diabetic gangrene, and chronic nephritis. All 
were discharged. The patient with lysol poisoning presented a xanthoprotein 
value of 325, and a nonprotein nitrogen value of 41. He was discharged before 
repeat studies were made. By way of contrast another patient with lysol 
poisoning was admitted, but his xanthoprotein reaction was only 42. The 
difference of these values in two similar conditions may, we believe, be explained 
by the differences in time at which blood was secured for this study. Thus, 
the first patient was hospitalized within several hours of attempted suicide, 
and blood was obtained shortly thereafter at a time when the blood serum con- 
tained considerable amounts of phenol bodies; whereas in the second patient 
blood was not obtained until several days after hospitalization, at a time when 
the patient was convalescing and his blood serum apparently was relatively 
free of phenol bodies. 

Cerebral C'o7iciffiO'iis. — Twenty-two xanthoprotein determinations were per- 
formed on 21 patients mth various cerebral conditions, including seven patients 
with hypertensive encephalopathy and 10 with cerebral vascular accidents. In 
the seven patients with hj^pertensive encephalopathy the nonprotein nitrogen 
was elevated, at times markedly so, but in none was the xanthoprotein reaction 
persistently or markedly increased. In only one patient did the xanthoprotein 
value reach 50, but on repeating the test it promptly fell to 20. In the 10 
patients with cerebral vascular accidents tlie xanthoprotein reaction was low 
despite the fact that the nonprotein nitrogen was elevated in all and markedly 
elevated in three. 

iVcphn'ticTcs.— Excluding the patients with uremia, 30 xanthoprotein reac- 
tions were studied on 22 patients with acute and chronic renal pathology. In 
three patients the xanthoprotein value was elevated beyond 60, but thLe left 
the hospital before repeated studies could be done. In the remainder the xan 
thoprotein reaction was not significantly elevated, although nonprotein nitrogen 
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levels were very liigh in nniny instances. None of the nine patients with acute 
nephritis showed significantly increa.sed xantJioprotein values, the liigliest be- 
ing 31. 

Nine xanthoprotein studies were carried out on seven patients with geni- 
tourinary conditions, excluding nephritis. In none was the xaJithoprotein value 
significantly elevated, although in two i)atients with prostate i)athology and 
urinary retention, the nonprotein nitrogen wjis markedly increased and impend- 
ing uremia was suspected. 

Cardiac Canditions. — Ninety-six xanthoprotein reactions were studied in 
SI patients with cardiac disease complicated b.v cardiac failure. In only one 
patient was the reaction higher than GO. In two it was over 50, and in five 
it reached 50. The remainder were below 50. Six patients had xanthoprotein 
values of zero; in two of tliese patients the nonprotein nitrogen was markedly 
elevated, being 125 and 154, respectively. 

Gastrointestinal Conditions. — Forty-six xanthoprotein reactions were per- 
formed on 43 patients with various gastrointestinal conditions, including 20 
patients with carcinoma and marked emaciation and 13 with peptic ulcers, most 
of which demonstrated active bleeding. In no instance was the xanthoprotein 
reaction elevated beyond 50, the great majoi-ity of reactions being below 20. 
In 10 the nonprotein nitrogen was markedly elevated. 

Puhnonunj Conditions. — Fifty-two determinations were performed on 52 
patients, mainly with pulmonary tuberculosis or pneumonia, and nothing sig- 
nificant was revealed. The highest value was 41, most values being 20 or lower. 
Many of these patients had moderately increased nonprotein nitrogen levels and 
several showed marked increases. 

Miscellaneous Conditions. — Thirty-five xanthojn-otein reactions were deter- 
mined on 33 patients with various clinical conditions (alkalosis, alcoholism, 
arthritis, avitaminosis, pernicious anemia, etc.) not previously included. AVith 
exception of the patients with lysol poisoning and diabetic gangrene previouslj' 
referred to, none showed significant xanthoprotein elevations, although in seven 
the nonprotein nitrogen was markedly increased. 

Included ar’c three patients with coma of undetermined origin. In none 
was the xanthoprotein or nonprotein nitrogen significantly increased. Five 
patients had diabetes mellitus, and nothing of significance could be determined 
from the xanthoprotein reactions. 

SU-lIJIARy AXD COXCLUSIOXS 

1. Although the range of normal values of the xanthoprotein reaction is 
accepted as 15 to 35, our study indicates that a more correct normal range is 
0 to 50. Xanthoprotein values over 60 should be considered abnormal in all 
conditions. 

2. Our data indicate that the only specific condition with significantly in- 
creased xanthoprotem values is uremia, although lysol poisoning must be kept 
in mind as a possibility. 

3. As an indicator of impending or true iiremia, the xanthoprotein reaction 
seems to be as accurate as the level of nitz'ogenous retention in the blood. Thus, 
in. our series the xaizthoprotein reaction was an accurate indicator hi 94.4 per 
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cent of cases, whereas the blood nonprotein nitrogen level was significantly ele- 
vated in 91.6 per cent. A low xanthoprotein reaction does not always rule out 
uremia (5.5 per cent of uremia cases) nor does a high value invariably mean 
uremia. 

4. The xanthoprotein value does not in all instances prognosticate the 
course of the patient with uremia, although with one exception all those with 
uremia whose xanthoprotein reactions were 100 or over died. Conversely, low 
xanthoprotein values do not preclude a fatal termination of uremia. 

5. lYith the exception of those cases of uremia in which both the xantho- 
protein and blood nonprotein nitrogen were definitely elevated, there was no 
consistent correlation between the xanthoprotein reaction and the level of blood 
nitrogenous retention. 

6. The xanthoprotein reaction is valuable in differentiating cerebral condi- 
tions simulating uremia (pseudo- uremia) from true uremia. This is particularly 
evident in studying patients with hypertensive encephalopathy in whom no in- 
stances of elevated xanthoprotein values were noted despite moderate eleva- 
tion of nonprotein nitrogen in many instances. 

7. A low xanthoprotein value is significant in eases of extrarenal azotemia 
as occurs in dehydration states, following hemorrhage into the gastrointestinal 
tract, etc. 

8. Although the xanthoprotein reaction has some limitations, it is an ex- 
cellent supplementary test in the study of uremia, suspect uremia, pseudo- 
uremia, coma, and nephritis. It consumes little time, is simple to perform, 
and is inexpensive. 
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THE EFFECT OF ANAPHYLACTIC SHOCK UPON BLOOD POTASSIUM 

AND CONCENTRATION* 


Laurakce W. Kinsell, M.D.,t axd Ray,muni) L. Zwejiek, Ph.D. 

New York, N. Y. 


C onflicting reports relative to the results obtained following employment 
of potassium salts in allergic conditions’"* and the apparent lack of an 
adequate rationale for such a procedure on the basis of experimental blood 
potassium findings'"' led us to further investigate the subject from an experi- 
mental standpoint. 

The present experiments were designed to eorrelate the blood picture with 
the symiAoms manifested in the animals rather than with the sensitizing dose, 
time intervals, or shock dose. This will be made clear in the presentation of our 
results, which show the effects of rapidly and slowly fatal anaphylactic shock on 
potassium, relative red blood cell volume, and plasma specific gravity. 

^LVTERULS AND 5IETHODS 

Guinea pigs, weighing from 250 to 400 Gm., were used in this work. Blood 
obtained directly from the heart at various time intervals was drawn into a 2 c.e. 
tuberculin syringe, which contained a small amount of dry heparin (Connaught 
Laboratories, Toronto). Some of the heparinized blood was run immediately 
into a heavj’ wall 1 mm. capillary tube, 10 cm. long, which served as a hematocrit 
tube. Both the syringe and the tube were closed at both ends with broad rubber 
bands and centrifuged for fifteen minutes at 3,000 r.p.m. The hematocrit (rela- 
tive red blood cell volume) was then read off' directly in per cent by placing it on 
a millimeter scale. 

The supernatant plasma in the sj*ringe was used for both potassium and 
plasma specific gravity determinations. Potassium was determined in duplicate 
on 0.2 e.c. bj' the method of Truszkowski and Zwemer.® Plasma specific gravity 
was measured by the technique of Barbour and Hamilton,® and the ijroteins were 
calculated by the formula of Weech and co-workers.’® 

EXPERIMENT.VL 

Except for two groups of the controls, all animals were sensitized with 0.25 
c.c. of horse serum. A second dose of horse serum was administered one to four 
weelis later by the intraperitoneal route. The “shock” animals fell into three 
clinical groiips : (a) those that showed no evidence or only qiiestionable evidence 
of shock (Table I) ; (b) those that died of anaphjiactic shock after a period of 

•From the Department of Anatomy, Collese of Physicians and Surgeons. Columbia Univer- 
sity, New York. 

tAt present Director of the William B. Hill Memorial Daboratory, East Stroudsburg, Pa. 
Received for publication, July 15, 1941. 
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Table I 

Animals BECEmNG Two Doses of Horse Serum; But Showing Little or No Clinical 

Evidence op Shock 


(Average time interval between initial and final values is one hour.) 


guinea pig no. 

1 

2 

5 1 

7 

32 

Body weight 

Shock dose of horse serum per 100 

254 

0.78 C.C. 

204 

0.9 C.C. 

266 

0.9 c.c. 

317 

0.6 c.c. 

307 

0.1 c.c. 

Gm. of weight 

Sensitization interval 

1 wk. 

1 wk. 

1 

2 wk. 

2 wk. 

3 wk. 


Potassium (mg. per 100 c.c.) 


Values 

Initial 

Intermediate 

Final 

35.4 

28.5 

26.5 

25.6 

32.8 

28.8 

27.0 

26.7 

28.8 

28.2 

33.8 

32.8 

28.0 

29.2 

1 26.7 

Mematocrit (per cent) 

Initial 

37.1 ! 

36.0 I 

46.4 

41.5 

44.3 

Intermediate 

31.1 

24.0 

38.5 

37.3 


Final 

37.0 

26.4 

31.1 

33.3 

1 35.0 

Protein (Gm. per 100 c.e.) 

Initial 

4.39 



4.39 

- 

Intermediate 

3.88 



4.32 

- 

Final 

4.52 



3.74 



Table H 

Animals Eeceiving Two Doses of Hop.se Serum and Showing Shock op Slow Onset and 

Hodeeate Degree 


(Average time interval between initial and final values is four hours. Complete findings on 
animal No. 10 are shown in Graph 4.) 


GUINEA PIG NO. 

9 

10 1 

13 1 


40 1 

41 

Body weight 

305 





431 

Shock dose of horse se- 

0.8 c.c. 


BRwRIH 



1.5 c.c. 

rum per 100 Gm. of 
weight 



Hi 




Sensitization interval 

2 wk. 



3 wk. 

1 3 wk. 

3 wk. 


Potassium (mg. per 100 c.c.) 



Values 







Initial 

27.9 

26.4 

25.7 

30.7 

33.1 

OO 0 

Intermediate 

29.9 

29.9 

29.2 

37.0 

29.5 

18.S 

Final 

39.6 

46.5 

43.0 

38.8 

37.0 

27.1 


Hematocrit (per cent) 


Initial 

Intermediate 

Final 


45.2 

25.9 

38.8 

43.7 

50.0 

46.7 


45.8 

1 34.7 

32.3 


Protein (Gm. per 100 c.c.) 

initial 

Intermediate 

Final 

4.49 

3.57 

3.78 



4.50 

4.42 

4.69 

5.85 

4.93 

5.17 

5.85 

5.12 

5.27 
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•Death occurred within one hour. 
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tliree or more hours (Table II, Cli'apb 4) ; and (e) those that went into shock 
and were dead within an hour (Table III, Graph 2), The control series were of 
four types; (a) three animals sensitized bnt not shocked, and bled rapidly at 
intervals corresponding to those undergoing intense shock, one of which Ls shown 



Graphs 1 and 2. — Note that potassium rise in shocked animal is out of proportion to hemo- 
ooncentration. 

> K=: hematocrit (packed red blood cell volume per cent). 

P c: plasma proteins (grams per 100 c.e. as calculated from plasma specific gravity), 

K s= potassium (milligrams per 10() c.c. of plasma). 



Graplis S and i — Note tiie steady rise in plasma potassium despite some liemodilutlon. 


in Graph 1; (b) (hree bird at le.s.s fretiucut intervals which corresponded to slow 
sliock (cxuiuple in Grapii 3) ; (c) three guinea jiigs given largo amoimts of horse 
serum without previous sensitization (example in Graph 6); and (d) three 
eoutrols which had received no injections of any kind and were used to check the 
eftecls 01 blood lo.ss and accuracy of technitiue (Table iV, Graph 5) 
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Animals in which anaphylactic shock of rapid onset and marked intensity 
was produced had a iJronounced elevation in plasma jjotassium which was {'reater 
than could he accounted for by the hemoeoneentration as measured by red blood 
cell volume and plasma protein. This was in contrast to the control group 
which Avith equallj' rapid sampling shoAved heniodilution, lowered plasma protein 
and, in some cases, a loAvered potassium. The ehanges were roughly proportional 
to the amount of blood lost by sampling; this blood loss is an important factor in 
increasing the severity of anaphyla.\is in small animaLs.” 



Graphs 5 and 6. — Note the constancy of plasma potassium despite hcmodllution reaultinff from 

bleedlnt;. 

Examples from the significant groups are given in Graplis 1 to 6, and 
demonstrate quite clearly the effect of anaphylactic shock on the three blood con- 
stituents studied. If one compares Graphs 1 Avith 2, the difference betAveen the 
shocked and unshocked animals, in so far as plasma potassium is concerned, 
is quite striking. The same may be said regarding Graplis 3 and 4, the sensitized 
unshocked animal shoAving essentially only' those changes AA’liich may be attributed 
to blood loss, Avhereas the shocked animal shoAvs a steadily rising plasma potas- 
sium level. 

Also, if one compares all the graplis of animals in the control groups (Graphs 
1, 3, 5, 6), the general similarity is apparent. 

DISCUSSION 

A rise in plasma potassium has been shoAvn to be a feature of anaphylactic 
shock,®'"’ of neurogenic and traumatic shock,’®’ “ and of acute allergic reac- 
tions.’® Our results confirm the plasma potassium rise during the course of 
anaphylactic shock and sIioav it to be definitely out of proportion to the degree 
of hemoeoneentration and increased plasma density. 

The findings in regard to ehanges in blood concentration are confirmatory 
of the Avork of Petersen and LeAunson,’® of Simonds,” and of ManAvaring and 
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othei-s/®'-'^ most of whom ascribe these changes to disturbances of endothelial 
permeability occurring during the course of the anaphylactic reaction. 

Black and Kemp“ reported a consistent increase in plasma density during 
the course of anaphylactic shock in guinea pigs. Our findings do not agree, but 
the time factor, or the amount of blood taken, may explain this apparent contra- 
diction. Other authors report a lack of constant variation in total protein during 
the course of anaphylactic shock, but note consistent shifts in the albumin- 
globulin ratio and in fibrin values.^®'^® 


Table XV 


Animals Receiving No Horse Serum 

(Average time interval between initial and final values is two hours. Complete findings of 
animal No. 24 are shown in Graph 6.) 


guinea pig no. I 

21 

24 

37 

Body weight | 

269 

, 233 

425 

Shock dose of horse serum per 100 

0 

0 

0 

6m. of weight 

Sensitization interval 

0 

0 1 

0 


Potassium (mg. per 100 c.c.) 


Values 1 

1 27.3 1 


23.7 

Initial I 


24.7 

Intermediate 

27.0 

23.7 

25.3 

Final ' 

1 28.4 

23.1 1 

26.6 


Eematocrit (per cent) 


Initial 

42.8 


HIHESSHHI 

Intermediate 

40.4 



Final 

38.3 



Protein (Gm. per 100 

c.c.) 


Initial 

4.83 

4.15 


Intermediate 

3.91 

3.96 


Final 

3.78 

2.96 



The mechanism of the potassium rise still remains tube demonstrated. Since 
potassium is the principal intracellular base, as contrasted to sodium, which is 
the essential basic ion of plasma and interstitial fluid, it seems reasonable to as- 
sume that an increase of plasma potassium represents a loss of potassium by cells 
due to either a change in cell membrane permeability or a disruption in the 
hypothetical intracellular potassium colloid complex, or both. 

Since it has been shoum that injections of potassium salts are capable of pro- 
ducing many symptoms of shock,®- -■ it seems probable that the increase in plasma 
potassium, occurring during the course of anaphylactic shock, accounts in some 
measure for the symptoms which are characteristic of this condition. In view of 
the close relationship between anaphylaxis and allergy, these findings sim^est 
tlvdt the use of large amounts of potas.sium in allergic conditions is contra- 
indicated rather than indicated. 


summary 

1. Thirty-four guinea pigs were u.sed to determine the effeet of anaphylactic 
shock upon phusma potassium ami blood eoneeiitratiou in terms of nlasm-, 
and red blood cell volume per cent. ‘ 
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2. A constant rise in plasma potassium was demonstrated, logeflior witli a 
fairly constant henioeoncentration in terms of red blood cell volume per cent. 
The potassium rise was relatively much Ki’t^^der lliaii the degree of hemocoiicen- 
tration and was roughly proportional in degree to the severity of shock. No con- 
stant change in plasma protein was demonstrable. 
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III. POLABOGRAPHIC STUDIES OF THE BEHA^^OR OP NORJIAL AKD PnEUHOCOCCUS 
Infected Dog Sera Toward Denaturatiox Agents and Enzyjies 


M. L. Crossley, Ph.D., R. H. Kienle, Ph.D., Bruno Vassel, Ph.D. and 
G. L. Christopher, Ph.D., Stamford, Conn. 


V ERY little information Is available on the low molecular weight protein de- 
rivatives of serum. Lack of convenient methods of handling proteoses, pep- 
tones, and poljqieptides is responsible for their neglect in studies of protein 
metabolism. 

The lower derivatives (peptones and potypeptides) are not precipitated by 
salting-out, and are soluble in trichloracetic and sulfosalicylic acids, but the 
addition of tungstic or phosphotungstic acid to a sulfosalicylic acid filtrate of 
serum wll give a voluminous precipitate. 

It is not kno\vn whether the serum protein derivatives of low molecular 
weight po.ssess any physiologic activity of their own. Recent evidence indicates, 
however, that the peptone fraetiont of blood serum may play a part in health 
and disease. It has been demonstrated recently^ that during experimental tj^ie I 
pneumonia in dogs this peptone fraction greatly inereases and remains ab- 
normally high long after clinical evidences of infection have disappeared (fever, 
complete resolution of the congested areas of the lung as shoivn by x-x’ay, and 
the physical well-being of the animal). A positive polarographic cancer reaction 
according to Brdieka’s technique^ probably also depends upon the relative 
amounts of serum peptones. 

The abnormal increase in the peptone fraction of the blood during pneu- 
mococcal infection may lie only a reflection of a general increased metabolism, 
possibly associated with fever, or it may be concerned with the catabolism of 
tlic proteins at the site of infection. These two possibilities as to the probable 
source of the increased peptone fraction during infections are under investiga- 
tion. However, there is another po.ssible explanation. If one or more of the 
serum proteins should lose their normal stability under the stress imposed upon 
the organism by the invading microorganism, an abnormal tendency to dis- 
integrate may occur. Certain facts suggest that this might actually take 
place, and this paper deals with the re.sults of the investigation. 
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EXPEJIIMEMTAE 

T, "“'“■‘"■■“■i"" »"<' hydrolysis 

a 1 . '■'•f I Pno.„„o«.«,.s inMion <)««„, ,i„ri 

vavc Sr If „ at tvl.ic-h the polarograpliit 

a^utX vc7t r? aV' M.oc.hlori,k.. alkali, ,a„d 

hhZ tol f ot Ike livsl Uvo ttoiafiriag agents in. 

pfeli , , 0 ^ "r f”""' ''“'-•“•■■“I-"- to .snc-l, an;st». as to 

«,a\e satistdetoi} resuUs with the pohiro-rrap)!. 

po«n*°,?Hci,'h'd K ■■xittit mongteb, weighing 34 to 48 
Diet care the ineiii '*'””*^* t*t ieast live weeks prior to infeelion. 

pnen'ntoco™ ".re been 1 ” n “‘'“-O™ « Wt Wte I 

rhh reTbTt l e^ 7',':; ’"' Denatnration of the sera was 

4^0 Of i::,:!’ 

vals 14f>n nFfh -4 ‘‘t loom tempenitiire. Attev various inter- 

ffltrafo was eLL.Lf.I"'f "V°‘' Oncbalf enl.ie centimeter of the 

clUo'ride buftcft at 1/100 sLiLmritv 'of 'uf””’'; 

action was obtained bv addi " ' e "V, The aero time ot 
dvoxiclo -U.A on raw. *4 , 111 ixt lire of 1 N potassium hy- 

after five v" (iii’eetly to 0.4 c.c. of serum, filtering 

above Tlie laTvf ^.5 e.c. of tJie filtrate as described 

that Lt 011 ^.^ eiiaymatic hydro]y.si.s experiments were so chosen 

t stC meW P‘’^-'«^-'Piiica]ly measurable 

wave. ! «P >"»™,<^o«ditioiis of pH and temperature without having 

DartillTv df f T f themselves mask (hose produced by the 

S ee of 10 f. . The following procedure was finally adopted: 

eWm-- • I (Difco, spongy granular 1 ;3,000) in 1 N hvdro- 

? l "t J ^ potassium hydroxide and 20 per 

Onedialf cubm centimeter ot the filtrate was analy^ed polarographicallv in 5 c.c. 

ff anmionium chloride buffer with the galvanometer sensitivity set 

at 1/100. For the tryptic digestion, S e.e. of serum were added to 2 c.c. of a 

pel cent tr3psm (Difco, 1:110) solution in M/15 phosphate buft'er at pH S. 

Otherwise the procedure outlined for the peptic digestion was followed, except 

° luixture was added to 2 c.c. of the potassiiim-sulfo- 

salieylate instead of 0.48 c.c, 

• poiarograms are seif-recorded photographs of the galvanometer deflec- 
tion. The increase iii galvanometer deflection between -0,9 volts and the mini- 
mum of the double wave (-1.65 volts) determines the wave height. Any change 
from the normal is interpreted as being due to concentration changes in polar- 
ographic active groups of the peptone fraction of the serum after infeetion. 
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The rate at which the wave height increased, above that given, by normal 
serum, by such criteria, Avould be indicative of an increased rate of denatura- 
tion of the serum proteins after infection. 

RESULTS 

Alkaline Denaturation.—Two typical sets of polarographic recordings of 
the peptone fractions from alkali-treated dog sera are reproduced in Fig. 1. 
Curve I, Fig. 1, represents the polarograms obtained from the filtrates of a 
normal dog serum, while curve II corresponds to that of the serum from the 
same dog after a mild attack of experimental pneumococcal pneumonia. The 
severity of infection in all eases is judged by fever, lung congestion as shown 
by x-ray, and by the general appearance of the animal. Upon the addition of 




Fig. 1. — Polarograms anil nitrogen values of the serum peptone fraction of alkalidenatureil dog 
sera before (I and HI) and after (II and IV) type I pneumococcus infection. 

alkali to normal serum, a decrease in wave height occurs in the sulfosalicylic 
acid-soluble serum fraction during the first five to ten minutes of alkali con- 
tent, followed by a rise until a fairly constant wave height is reached at sixty 
minutes (curve I) . Further contact with alkali tends to destroy the double wave 
a single wave appearing instead after the 150th to 240th minute. Denaturation 
of the serum from the same dog after infection (curve II) follows an entirely 
different course. A rise in wave height oecui-s during the fii'st five to ten min- 
utes of alkali contact, followed thci-eafter by a fall to near the original level 
of the untreated .serum (zero time) which, incidentally, is also appLximately 
that obtained from normal .scrum after sixty minute.s’ denaturation The two 
polarographic denaturation curve.s are thus entirely different from each other 
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AVlierover tlie peptone fraction of normal .serum shows a rise in wave iieiglit, the 
eorresponcling one from tlie infeclecl serum deerease.s, and vice vensa. Tliere 
exists still a furtlier difference in the polaroi'rams of tlie two tyjies of sera. 
The ciuinge from a double wave to a single wave occurs much sooner when the 
serum from an infected dog is denaturetl. Dejiending upon the severity' of in- 
fection, this change in the structure of the fiolarograms has ajipcared a*s early a.s 
forty-five minutes after alkali addition, and always after sixt.v to one huiulred 
and five minutes, while normal serum never showed the disappearance of the 
double wave prior to one hundred and fifty minutes of alkali contact. 

If the assumption is correct that an alteration in the structure of the serum 
proteins occurs during infection and Is responsible for the observed differences 
in Avave heights during the early, and again in the late jicriods of alkali contact, 
then it shoidd follow that the .sudden rise in wave height during the first five 
to ten minutes after potassium hydroxide addition should be most pronounced 
in cases of severe infections, and less .so during the early periods of pneumo- 
coccal invasion, when lung inflammation is still restricted. To test this, the 
spreading of the infection in the lungs was followed by x-ray, and blood samples 
Avere draAvn at A’arious stages of Infection, the serum Avas denatured as described, 
and the aa-ua’c heights of the peptone-polarograms Avere plotted against time of 
alkali content. In this manner a series of denaturation curves are obtained 
(Fig. 2) Avhich fully substantiate the original assumption. The more severe the 
infection, the greater and more abrupt is the initial rise in Avave height, Avhile 
the polarograms of the normal serum are again entirely opposite. The zero 
time values in Fig. 2 express, in terms of polarographic Avave heights, the pre- 
existing concentrations of peptone material of the sera prior to denaturation and 
confirm our prcA-ious obser\'at ions' that an increase in the serum-peptone frac- 
tion takes place during pneumonia. Interestingly enough, the blood sample 
draAvn tAveiity-four hours after infection still exhibits a decrease in Avave height 
dui-ing the first ten minutes after alkali addition, although it is not as pro- 
nounced as for normal serum, AA'hile its zero time value demonstrates that an 
accumulation of peptone material already has begun. 

In polarography, changes in Avave height merely indicate that concentra- 
tion changes have taken place in the material Avhich are responsible for the Avave. 
Under our experimental conditions only cystine-containing proteins Avill give 
the Avave. If the peptones AA’hich accumulate during pneumonia, and AA'hieh 
are split oft' from the sermn proteins by alkaline denaturation ahvays possess 
the same average cystine composition, then the nitrogen content of the peptone 
fraction should fluctuate in a similar maimer to that of the corresponding 
polarograms. Miero-Kjeldahl nitrogens Avere, therefore, run on some of the 
peptone fractions at various time intei'A'als of alkaline denaturation, the peptone 
nitrogen being determined as the difference betAvecn the nitrogen value after 
suKosalicylic acid and after tungstic acid precipitation of the serum. Cui-a'cs 
III and IV in Fig. 1 are graphs of such analyses performed on the serum filtrates 
Avhich correspond to the polarographic cuiwes I and II of Fig. 1, respectively. 
It is evident from an inspection of curves II and IV that the peptone fraction of 
the infected serum (curve IV), as expected, contains more peptone nitrogen 
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throughout the entire denaturation range than the normal one. Entirely un- 
expected were the findings that the nitrogen of both the normal and the infected 
serum filtrates decreased during the first twenty minutes of alkali contact, and 
then increased thereafter until, after sixty minutes, approxunately the initial 
values were obtained. The changes in peptone nitrogen of normal denatured 
serum thus ran roughly parallel to those in polarographic Avave height. How- 
ever, this relationship does not hold for those from infected serum. The pos- 
sible significance of this discrepane 5 ’' will be discussed later, but it should be 
pointed out that a direct dependency of Avave height to peptone concentration 
can be readily demonstrated. If, for instance, the observed loAver Avave height 
of normal, undenatured serum (i.e., zero times in Pigs. 1 and 2) is due to less 
peptone material than is found in an equal volume of untreated serum of the 



Fit;. 2. — The influence of pneumococcus infection upon the characteristics of normal serum- 
peptone curves during alkaline denaturation. 


same dog after infection, then it should be possible to match the Avaves obtained 
from the latter by merely increasing the amounts of the former. The results of 
such experiments are shown in Pig. 3. Each polarogram in the upper roAV Avas 
obtaiiied by electrolyzing 0,5 c.e. of serum filtrate (equiA-alent to 0.0S3 e.c. of 
original serum), the blood of which Avas drawn at various stages of infection. 
7’lie polarograms of the lower row were olitained from normal serum only, except 
that the serum eoneeiitrations Avere iiicrea.secl above 0.0S3 c.c. in such manner 
that each wave matched in height one of the current-voltage curves of the in- 
• feeted sera. It is evident that the jmlarograms due to 0.100 c.c., 0.133 c.e., 0.166 
c.e., and 0.100 r.e. of normal .serum are identical, Avithin the error of the method, 
Avilli (liose from 0.083 c.c. of .sera drawn from the .same dog, tAventy-four, forty- 
two, forty-eight, and ninety honra after infection. Similarly, normal and in- 
fected peptone polarograms of denatured sera caji he matciied. either hv in- 
creasing the concentration of the former or hy fieerea.sing tliat of the latter 
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AVlicii different denatured .sera are eompared, tlie lenglli of time during whieli 
tlie alkali acts inu.st be the .same, since alkali contact eventually causes all peptone 
polarograms, whether obtained from normal or from infected sera, to lo.sc their 
double wave. The sera from which the curves in h'ig. 4 were obtained were 
consequently denatured in each case for forty-five minutes with 1 N potassium 
hydroxide. The infected serum was drawn from the same animal during the 



CC. or NORMAL SERUM USED fOR EACH POUAROCRAM 



HOURS AFTER INFECTION 
o.oas CC,OF serum used for each POLAROCRAM 


SENS^tt ^jOO 

KIg. 3. — The effect of concentration of umlenatured serum rtUrales from normal and infected 
dogs upon the polarogruphlc wave lielght. 



CC.OF normal SERUM^ denatured with alkali FOR Ab MIN. 



CP. OF INFECTED SERUM^ DENATURED WITH ALKALI FOR Ab MIN. 


SENS.= )lOO 

4. — The effect of concentration of denatured serum flUrates from normal and infected dogs 
upon the polarographic wave height and wave structure. 


course of an infection of medium severity. In order to match the polarograms 
from 0.061 c.c., 0.083 c.e., 0.122 c.c., 0.163 c.e., and 0.204 c.c. of normal, de- 
natured serum, filtrates containing 0.016 c.c., 0.033 e.e., 0.049 c.e., 0.083 c.c., and 
0.098 c.c. of infected serum, respectively, were required. The double wave 
begins to straighten out when the peptone fraction from 0.163 e.e. of normal or 
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0.083 c.e. of abnormal serum is eleetrolj^zed, and it disappears completely, in 
favor of a single wave, when the concentrations of noi-mal and infected serum 
reach 0.204 e.c. and 0.09S c.e., respectively. These experiments {Figs. 3 and 4) 
clearly show: (1) that wave height differences in the polarograms of the pep- 
tone fraction from dog sera, before and after pneumoeocca] infection, reflect con- 
centration changes in the polarographiealiy active principle, both for untreated 
as well as for denatured sera; (2) that, within the limits of concentrations 
studied here, no alteration in the structure of the polarographie double wave 
occurs with increasing concentrations of peptone material from untreated 
serum, but that alkali-denatured serum reaches a limit in concentration above 
which the double wave changes over to a single wave; (3) that the disappearance 
of the double wave occurs at considerably loiver serum concentrations of infected 
serum than of normal serum. 

Wetting Agents . — Alkaline denaturation at room temperature unquestion- 
ably produces more than one change in the structure of a protein molecule. 
Rupture of seeondar 3 ^ linkages, partial hydrol 3 'sis of peptide bonds, and a 
breakdmvn of disulfides undoubtedly occur. Denaturation by wetting agents, 
such as Aerosol OT, Duponol PC, Duponol 80, and others® probably proceeds 
to a much more limited extent, possibl 3 " involving only the liberation of sulf- 
h 3 'dr 3 d groups from C 3 'stine. Since the polarographie protein wave is supposedly 
given by -SH-protein as well as b 3 ^ -S-S-protein groups, a preliminaiy change of 
the oxidized form to the reduced form by wetting agents should not increase the 
polarographie wave height, unless a liberation of previouslj' unavailable thiol 
groups had occurred. If cyclic sulfur compounds of the thiazoline t3T5e are part 
of a protein molecule,* a liberation of new thiol groups b 3 " the action of alkali 
is conceivable and would at least partially account for the increase in polar- 
ographie active groups. No information as to the action of wetting agents on 
these heteivcyclics is available. It is, however, unlikel 3 ^ that the wetting agents 
would liberate thiol groups from thiazolines. When the influence of Aerosol OT 
on serum was studied, it was found that the polarographie peptone wave, even 
after twenty-four hours of Aerosol OT contact, was identical with that of the 
same senmi at zero time of Aerosol OT action. This was true for normal serum 
as wen as for the serum of the same dog after a severe pneumococcal infection, 
although the relative heights of the two sera naturally differed, that from normal 
serum being the lower. 

Enzymes. — The observed differences in the beliavior of normal and of 
infected sera toward alkali, and the consequent belief tliat an alteration in the 
eliemical structure of the proteins had occurred during infection, prompted us 
to investigate their cnz 3 'matic h3-drol3'sis. It was hoped that pepsin and trypsin 
would digest normal serum in-otoins at a rate measurably different from that 
of infected serum; however, no differences were observed. Consequently onlv 
the digestion polarograms of normal serum are shown in Pig. 5, where curve I 
represents the peptic digestion and curve II the tryptic ojie. The first current- 
voltage curve in each series is that of the blank, obtained by substitutiii" saline 
tor the serum. Its wave heiglit must be subtracted from the serum-dFestion 
polarograms it quantitative comparisons are to be made. Qualitativelv it N 
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When difterent deinUured sera are eoinpareii, the length of lime during which 
the alkali acts must be the same, since alkali contact, eventually causes all peptone 
]>olarograms, whether obtained from normal or from infected sera, to lose their 
double wave. The sera from which the curves in h'ig. 4 were obtained were 
consequently denatured in each case foi- forty-five minutes with 1 N potassium 
hydro.side. The infected serum was drawn from flic same animal during the 
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HOURS AFTER INFECTION 
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sens^k hoo 

Fig. 3. — Tlic effect of concentration of untlen.Ttured serum llltrate.s from normal and Infected 
dogs upon the polarograplilc wave lieiglit. 



CCOF NORMAL SERUM, DENATURED WITH ALKALI FOR 44 MIN. 



CP. or INFECTED SERUM, DENATURED WITH ALKALI FOR 44 MIN. 


SENS.= koO 

Pig. .j. — The effect of concentration of denatured serum nitrates from normal and infected doss 
upon the polarograplilc wave lieiglit and wave structure. 


eourse of an infection of niedium severity. In order to match tlie polarograins 
from 0.061 c.e., 0.083 e.c., 0.122 c.e., 0.163 e.e., and 0.204 e.e. of normal, de- 
natux'ed .serum, filtrates containing 0.016 e.c., 0.033 e.e., 0.049 c.c., 0.083 e.c., and 
0.098 e.c. of infected serum, respectively, were required. The double wave 
begins to straighten out when the peptone fraction from 0.163 c.c. of normal or 
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0.0S3 c.e. of abnormal serum is electrolyzed, and it disappears completely, in 
favor of a single wave, when the concentrations of normal and infected serum 
reach 0.201 c.e. and 0.09S e.e., respectively. Tliese experiments (Figs. 3 and 1) 
clearly show: (1) that wave height differences in the polarogranis of the pep- 
tone fraction from dog sera, before and after pneumococcal infection, reflect con- 
centration changes in the polarographieally active principle, both for untreated 
as well as for denatured .sera; (2) that, within the limits of concentrations 
studied here, no alteration in the structure of the polarographic double wave 
occurs with increasing concentrations of peptone material from untreated 
serum, but that alkali-denatured serum reaches a limit in concentration above 
which the double wave changes over to a single wave; (3) that the disappearance 
of the double wave occurs at considerably lower serum concentrations of infected 
serum than of normal serum. 

Wetting Agents. — Alkaline denatiiration at room temperature imquestion- 
ably produces more than one change in the structure of a protein molecule. 
Kupture of secondary linkages, partial hydrolysis of peptide bonds, and a 
breakdown of disulfides undoubtedly occur. Denaturation by wetting agents, 
such as Aerosol OT, Duponol PC, Duponol SO, and others® probably proceeds 
to a much more limited extent, possibly involving only the liberation of sulf- 
hydryl groups from cystine. Since the polarographic protein wave is supposedly 
given by -SH-protein as well as by -S-S-protein groups, a preliminary change of 
the oxidized form to the reduced form by wetting agents should not increase the 
polarographic wave height, rmless a liberation of previously unavailable thiol 
groups had occurred. If cyclic sulfur compoimds of the thiazoline tjqie are part 
of a protein molecule,^ a liberation of new thiol groups by the action of alkali 
is conceivable and would at least partially account for the increase in polar- 
ographic active groups. No information as to the action of wetting agents on 
these heterocyclics is available. It is, however, unlikely that the Avetting agents 
would liberate thiol groups from thiazolines. "When the influence of Aerosol OT 
on serum was studied, it was found that the polarographic peptone Avave, even 
after tAventy-four hours of Aerosol OT contact, Avas identical Avith that of the 
same serum at zero time of Aerosol OT action. This Avas true for normal serum 
as well as for the serum of the same dog after a severe pneumococcal infection, 
although the relatiA^e heights of the tAA-o sera naturally differed, that from normal 
serum being the loAver. 

Enzymes . — The observed differences in the behaAuor of normal and of 
infected sera toAAmrd alkali, and the consequent belief that an alteration in the 
chemical structure of the proteins had occurred during infection, prompted us 
to investigate their enzymatic hydrolysis. It Avas hoped that pepsin and trjqisin 
Avould digest normal serum proteins at a rate measurably different from that 
of infected sermu; hoAvever, no differences Avere observed. Consequently, only 
the digestion polarograms of normal serum are shoAvn in Pig. 5, Avhere curve I 
represents the peptie digestion and curve II the tryptic one. The first current- 
voltage curve in each series is that of the blank, obtained by substituting saline 
for the serum. Its wave height must be subtracted from the serum-dh-estion 
polarograms if quantitative comparisons are to be made. Qualitativelv it is 



220 


THE JOUKXAL OF EAlJOKATOKY AND CEINICAE .MEDICINE 


quite evident, tliat llie polaro'iraphic teeliiiiqiie ieiuJ.s it.self u'cH to proteolytic 
studies. Any inei’ease in M'ave iiciglit above that of the zero time is due to 
proteolysis and is, tlieret'ore, a measure of tlie degree of enzymatic degradation 
tliat oeeiu-s. Furtliormore, it pennit.s an appro.vimate eHthuatioii of those protein 
degradation products M-hich were formed during digestion. These are not 
]n'eoii)itable by sulfosulieylie acid l)ut have a larger moleeular weight than that 
of fi'ee cystine and cysteine, since Ihc.se two amino acids in tiie free state give 
only a wave in cobaltous ainmoninin chloride butYer init not in the eobaltie 
buft'er used hero. Siiecial attention shoukl be called to the straightening out 



ALONE 

time or action ot pepsin (minutes) 



SEHS.= Koo 

Fie. 5. — Polaroeranis of doproteinlzecl iloir .sera .at i-arious stages of peptic (I) and trj'PUc (H) 

aigcsUon at 10° C. 

of the double ivavc during pejitie digestion of serum, and of the failure to do 
so in case of tryptic digestion. A change in the structure of the polarographie 
protein double wave has so far been associated rvith denatnration and not u'ith 
hydrolysis. Peptic activity seems to resemble denatnration in this respect, be- 
cause the straightening out effect is also obtained by heat denatnration^ or 
ultraviolet light irradiation® of serum albumin. Interestingly enough, ultraviolet 
irradiation of egg albumen causes a decrease in wave height® instead of the in- 
crease observed n’ith serum albumin. 

The relativol.v slower dige.stion of the senun proteins by trypsin than by 
pepsin is probably due to differences in the onzjane preparations. Since we were 
interested only in the relative rates of digestion of normal and of infected serum 
by the same enzyme preparation, no attempt was made to compare the different 
enzymes. 

DISCUSSION 

It is well known that when alkali is added to native proteins, denatnration 
occurs. This is followed by cleavage of the denatured protein into fragments, 
the sizes of which decrease as the action of the alkali proceeds. These degrada- 
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tioii products arc not very clcurly defined, but Imve been classified as ineta- 
proteins, proteoses, iieptones, polypeptides, and peptides, according to certain 
arbitrarily defined characteristics. Those products of a molecular weight smaller 
than that of metaproteins are not precipitated by sulfosalicylic acid; conse- 
quently the magnitudes of the polarographic wave heights, as shown in Pigs. 1 
and 2, are a measure of the smaller protein molecules only. AVith these facts 
in mind an attempt will be made to present a mechanism which will describe 
the cour.se of the alkaline degradation of normal and of pneumoeoccu.s-infected 
dog sera. 

If alkali were added to a serum which contained native proteins only and 
which was free of all other protein degradation products, the sulfosalicylic acid 
filtrates of such a serum would give no polarographic waves until the first mole- 
cules of proteoses were formed. There is an induction period, the length of 
which would be determined by the rate at which native proteins become hy- 
drolyzed to the metaprotein state (k,) and by the average of the rates of degrada- 
tion of the latter to proteoses (k.). On the other hand, if the higher proteins 
coexisted with proteoses and peptones in untreated serum, then the filtrate after 
the addition of sulfosalicylic acid would give a polarographic wave, the mag- 
nitude of which would reflect the concentration of pre-existing peptone molecules. 
The course of the reaction after the addition of alkali to such a serum would be 
determined by the relative amounts of pre-existing native proteins, metapro- 
teins, and peptones, as well as by the I’elative rates of k,, k^, and kj, the latter 
being the average of the rates of the destruction of the sulfosaliejdic acid-soluble 
protein fractions to particles sufficiently small not to give a polarographic wave 
in trivalent cobalt buffer. AVe know that cystine has no influence on the wave 
in this medium and that glutathione gives a barely visible wave. Preliminaiy 
work, which we hope to report soon in detail, has shown that if definite values 
are assigned to the rate constants in such a manner that kj > k, > kj, then 
graphs can be plotted which show the same characteristics in their shapes as the 
curves given in Pigs. 1 and 2, both for normal and for infected sera. In the 
case of normal serum, which contains I'elatively small concentrations of pep- 
tones, a pronounced induction period would be expected during which no new 
proteoses enter the sulfosalicylic acid filtrates. However, during this induction 
period, some of the pre-existing peptones of very low molecular weight are 
changed to such an extent that they become polarographically inactive, causing 
a gradual lowering of the wave heights of the polarograms. This period is fol- 
lowed by an interval of peptone accumulation, since the rate of proteose forma- 
tion from proteins has been postulated as being more rapid than the destruction 
of peptones, and it is manifested by a rise in the wave height. After all the 
proteins have been degraded, the polarograms begin to decrease. Experiments 
carried out, but not included in Figs. 1 and 2, wherein the alkali was allowed 
to act on the serum proteins for a period of twenty-four hours, have shown that 
filtrates obtained after sulfosalicylic acid precipitation no longer produce the 
characterLstie polarograms. Further evidence of the correctness of such a re- 
action mechanism is also borne out by our observation that the nitrogen values of 
the filtrates decrease during the fii-st fifteen minutes of alkali contLt but then 
rise again to the original value or above it (Fig. 1, curve III) ' 
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The large accumulation of jieptonc material in the .serum of infected dogs 
px’ior to the addition of alkali .suggc.sl.s that a degi-adation of native serum pro- 
teins had occurred in vivo. Under thc.se cireumstance.s it is rea.sonable to a.s- 
•sume that the sulfo.salieylie acid-in.solublc fraction (loos not coiLsi.st entirely of 
native proteins, but i.s a composite of native, denatured, and metaprotcins. In 
such a case no induction period .should be e.xjjecfcd, us the c.vperiniental evidence 
confirms, and the formation of new proteases would e.scccd tlic rate of peptone 
desti’uction, since it was ])o.stulatcil that k, > k, > k,. Such a mechanism, 
therefore, accounts for tlie initial high level in polarographic wave height at 
zero time, the X’apid initial ri.se after the addition of alkali, and a more sharply 
defined fall after all of the macroproteins have been converted to sulfosalieylic 
acid-soluble moleculc.s. The initial fall in the nitrogen vaiue.s of the peptone 
fraction of the infected serum, as shown in P’ig. 1, curve IV, is the only datum 
not in complete accord with the reaction mcclmnism given above. Additional 
data are being accumulated which, it is hojicd, will further clarif\' this point. 

It is thus seen that the observed ditferenecs between the action of alkali on 
normal and on infected sera can be acconiite<l foi- satisfactorily by the partial in 
vivo destruction of native scrum proteins to molecules of lower molecular weight 
during e.xperimental type I pneumoeoccus infection in dog.s. 

SU.MJIARV 

The polarographic protein reaction has been u.scd to study rates of denatura- 
lion of serum proteins. No appreciable ditferenecs have been found between 
rates of denaturation of scrum from normal and from type I pneumocoecii.s- 
infected dogs when wetting agent.s, or popsin and trypsin are iisoiL 

Alkali produces changes in the polarographic rate of denaturation curves, 
which differ markedly for normal and infected sera. It is suggested that the 
partial in vivo destruction of the .serum proteins during infection to molecule.s 
of the size of metaproteins, proteo.scs, and peptones can account satisfactorily 
for the observed differences. 

AVe gratefully acknowledse the invaluable help ami the iinitinted cooperation yve received 
in this study from Dr. AV. Harry Fein.stone of this laborator.v. Dr. Feinstone. uliiie actively 
studying related phases of pneumococcal infection in dogs, kindly took over the culturing of the 
pneumococci and the actual infection of the dogs, and followed the progress of the disease 
systematically with x-r.ay photograplns. 
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THE INTKA VENOUS AD]MINISTRATION OP OXYGEN* 


EdWIX E. ZlEGLliK, JI.D., Bostox, iUss. 


T he purpose of this paper is to present a new apparatus which is designed 
for the carefully controlled intravenous administration of oxygen. 

The idea was conceived that anoxemia could he relieved by the intravenous 
administration of oxygen. It was believed that this method of administration 
could be made available for those cases in which oxygen therapy, by the usual 


route, was not adequate. 

The intravenous administration of oxygen to patients is not new. It has 
been reported several times. In the past, however, technical difficulties with the 
apparatus available prevented the use of this method of oxygen administi;ation. 

In this preliminary report is described an apparatus which is now. being 
used for the intravenous administration of oxygen. The results . are highly 
satisfactory and further work, including case reports, will be made the sub- 
ject of later papers. 

In 1902 Mariani* injected 120 e.c. of oxygen in forty-five minutes into a 
dying tuberculous patient (rate of 160 c.c. per hour). He rei)orted that the 
pulse rate and respiration were improved. The treatment was not repeated. 
The patient died the next day. 

Tunnicliffe and Stebbing- in 1916 treated three very ill patients with 
oxygen intravenously. Their apparatus consisted of a cjdinder of “Brinn's 
oxygen,” which contained, they thought, about 1.5 per cent of nitrogen; an 
‘‘endurance regulator”; pressure tubing; a piece of glass tubing drawn out 
at the end ; a wash bottle and a screw clip on the tubing. The wash bottle con- 
tained a solution of 2 per cent sodium carbonate, part of which was blown out 
by the stream of oxygen and part remained to wash the remaining stream. The 
amount of oxygen given was estimated by counting the number of bubbles per 
minute coming through the wash bottle. These authors state that oxygen can 
be given at the rate of 600 to 1,200 c.c. per hour, that cyanosis and dj^spnea 
are rapidly relieved, and further; “The beneficial results of the intravenous 
injection of oxygen were certainly more permanent than could apparently be 
explained by the mere relieving of the cyanosis.” The work done wfith 
patients fully confirms this observation. Tunnicliffe and Stebbing conclude 
their paper as follows: “The object of this preliminary note is not to in- 
dicate the specific pathological conditions in which the intravenous injection 
of oxyg en should he used, hut simply to point out that in those cases in which 
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the inhalation of 0 x 3-^021 eithei' ejinnot ho pi'iicticed oi' f'ivos iniuleqnalc relief, 
the intravenous nietliod of oxyifen atiniinislralion, if esirefully eiirricd out in 
accordance with the dii-ectioiis, is availahle to the cliiiician mid will "ive tliei-a- 
peutic results.” 

Singh : 2 nd Shah,^ of the iliiiVlvii)e fiislitiite in Boinhiix', i 2 i 1940 gave ox.vgen 
to six patients with sevei'e pulniona 2 '\' {li.seii.se. The.se workers u.sed two diffei'- 
ent inethod.s. The tii'st consisted of (wo .syringes, moved h.v .screw.s, woi'king 
altei'iiatel.v, to punii) the ox.vgen into the vein. Thei-e wiis ;i pause of five to 
ten .seconds between the actions of the jilnngei's in the s.vringes. (This allows 
blood to flow into the end of the needle in the intervid when ox.vgen is not coin- 
ing through, inei'(>asing the danger of elot formation in the needle. Such a 
clot, if foi'med, Avonld he dislodged into the venous blood stream when the 
o.xygen How is resumed.) The second method was similar to tiuit of Tunni- 
cliffe and Stchhing,- which the.v found was hard to control and was a()t to [n'o- 
duce pulmonarj' embolism. With the fii-st method they incoi'poi'ated a manom- 
eter to register the venous jire.ssure, which al.so indicates an.v stoppage in the 
flow of ox.vgen. 

Singh and Shah^ found that the .signs and .symjitoms of pulmonaiy gas 
emboli.sm in 2 nan are the .same ,'is tho.se in animals. They state: “With sli.g'ht 
embolism there is a I'ise in blood pre.s.sure jind pulse i-ate; this does not indicate 
any dan.ger, and the oxygen should not he withheld. With a greater degi’ce of 
embolism the blood iire.ssure falls, the pul.se becomes feeble, and c.vanosis in- 
erease.s. The patient comjilains of a .sen.se of imiiending clksolution, unea.sine.s.s 
over the chest, shortness of bi'cath and pain over the pi-ecoi'dial I'cgion. O.x.vgen 
embolism, howevei', unle.ss carried to exti'cme is not dangei'ous. ” The above 
authors fui'ther stiite, ‘‘all the.se (six) ea.se.s showed clinical impi'ovement for 
24 to 48 hours aftei' injection, as indicated l).v i-ai.sed blood pi'c.ssui'e and im- 
proved pulse.” 

Sumnnu'izing their rcpoi't, Singh and Shall’ state: “In man about 10 to 
20 e.c. of oxygen a minute (COO to 1,200 e.e. jiei' hour) can be administei'cd 
intravenou.sl.v ; this is about 10 jjcr cent of the basal i'ef|uii’ement. This is the 
onl.v method b.v which an.v considci'ablo quantities of ox.vgen can be admin- 
istered by an exti'apulmonarv route. This amount of oxygon doe.s not appear 
to be considerable, but still a distinct clinical improvement follows its ad- 
ministration.” 

The woi'k with animals has been more extensive, but it has, on the whole, 
not been perfoi’ined carefull.v enough and has been ver.v misle/iding for tech- 
nical reasons, which Avill be pointed out. 

The first workei's to inject ox.vgen inti'avenou.sl.v were A’j-sten’ in 1811 and 
Demarquay’ in 1866. They u.sed dogs. 

Gaertner® in 1902 akso gave oxj'gen intravenousl.v to dogs. He stated that it 
did not obstruct the circulation through the lungs. He found bubbles of gas in 
the x’ight venti’icle but never in the left ; he contended dangerous .symptoms can 
immediateh'^ be relieved by withholding the oxj'geu. In 1904 Stuertz^ injected 
o.xygen intravenously in dogs. He recommended intermittent injections and 
minimized the possibility of embolism. These injections constitute one of the 
tcclinical faults which have, in the past, led to the abandonment of this form 
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of therapy. Intermittent injections cause (1) clotting in the needle, or (2) fre- 
quent nuthdrawal of the needle, and as frequent subsequent venipunctures. 

More recent experimental work witli animals has apparently been more 
carefully performed, especially with reference to the measurement of the amount 
of oxygen administered in relation to body weight. The recent work, however, 
incorporates praetieall}’^ the same technical errors present in the older methods. 

Bourne and Smith® in 1927 performed experiments with dogs. They state ; 
“It is seen, however*, that in amounts (of oxygon) that would provide some 
hope of the supply of an adequate amount, pulmonary embolism and right heart 
insufficiency produce an even greater degree of anoxemia than that already in 
existence.” Here lies the cardinal reason for the failure of former investigators 
to make the intravenous administration of o.\-ygcn successful. It has always 
been assumed that it would be necessary to give an amount of oxygen which 
would approximate the total or basal requirement of the body. This coneept 
we have found to be erroneous. The fact has been overlooked that the body is 
(even in severe anoxemia) getting some oxygen through the lungs. 

Bourne and Smith® gave dogs from 0.75 e.e. to 3 e.e. of oxygen per Idlo- 
gram per minute. This corresponds to a rate of 3,150 c.c. to 12,600 c.c. of 
oxygen per hour for an average 70 kg. man. In contrast, I have obtained 
favorable results in man by the intravenous administration of from 200 to 
1,000 c.c. per hour, and have given oxygen at these rates for periods up to nine 
hours continuously. 

Macdonald Dick® in 1939, following the lead of the afore-mentioned work- 
ers, gave oxygen to dogs in the femoral vein. He administered 2 to 3 c.c. of 
oxygen per kilogram of body weight per minute “with safety” and stated that 
“much larger amounts can be given for short periods.” Converting these 
amounts to values for an average 70 kg. man, we find that they amount to 8,400 
c.c. to 12,600 c.c, per hour. Again, too much oxygen Avas given. In fact, the 
amount given was ten times that which has been found to be therapeutic. 

In the past the failure to obtain beneficial results in a practical manner 
has been due to several factors. Former workers were under the influence of a 
great curiosity as to the effects of embolism. They made it a point to give so 
much oxygen that they could obser\*e the effects of severe oxygen embolism. 

Animal experimentation as performed up to this time has exhibited several 
other defects. Most workers with animals have neglected or considered it un- 
necessary to produce oxygen want. They have not used apparatus which could 
supply a constant flow of oxygen at the low rate of flow required. 

When too much oxygen is administered by the intravenous route, the diffi- 
culty is not due to embolism in the ordinary sense. It is due to what is called 
tampon, caused by blood froth in the lungs and right heart. This phenomenon 
is also called vapor lock. These difficulties are no longer of any importance 
when oxygen is administered intravenously at a constant volume and pressure 
each of Avhich is carefully controlled. This is possible Avith the apparatus 
described beloAV. 

THE APP.\R.\.TUS 

Any apparatus used for tlie intravenous administration of oxygen miic:t 
meet certain definite requirements. It must be easily regulated. The amouS 
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of oxygen which is delivered must he directly indicated by a manometer scale 
calibi’ated in cubic centimeters of oxygen per hour. The volume of oxj’gen 
delivered by the apparatus should range between 100 and at least 1,200 e.c. per 
hour. TJie flow of oxygen must be continuous am! not intermittent. The 
apparatus must also be so construeteil that the ilovv of oxygen will not be 
stopped by an increase in the venous pressure. The ai)paratus consists of 
the following: 

A tank of medicinal grade o.xygen, which jihould be at least O‘J.5 per cent 
pure. Such cylinders of o.\' 3 'gen are commercially available. The size of the 
oxygen tank may be whatever is convenient; a small tank, .such as a 20 or 
40 gallon tank, would be relatively light, fake little space, and could be read- 
ily transported. 

Attached to the oxygen cylinder by a yoke is a double pressure reducing 
valve. Attached to tlie yoke is an indicator showing the pvossiire of the o.xygen 
in the tank, Tlie first of the pressure reducing valves is a fixed valve requir- 
ing no adjustment. This valve reduces the high prc.ssure in the tank to a low 
level approximating .some convenient low pre.ssurc, sucli as 5 pounds per 
square inch. 

The second of the jiressure reducing valves tlirough which the o.xygen must 
flow is adjustable. This valve must be so constructed that it will deliver a 
pressure ranging from zero up to about 200 mm. of mercury, as set. The spring 
and screw which regulate this valve must bo so designed that the pressure can 
be easily adjusted with an accuracy of 1 to 2 mm. of mercury or better. The 
outlet from the adjustable pressure reducing valve must have a manometer 
attached to it to indicate the reduced o.xygen pre-ssure. This manometer can be 
of the mercury type or the so-called aneroid or spring type. Wliiehever type of 
manometer is used, it should he calibrated in millimeters of mercury from 
zero to at least 200 mm., it must also be calibrated to .sliow the flow of oxygen 
in cubic centimeters per hour. 

Prom tlie outlet of the second pressure reducing valve the o.xj-gcn is con- 
ducted by tubing to a filter which contains a convenient number of layers of 
cotton and calcium chloride or anhydrous calcium sulfate, or some other effi- 
cient delydrating substance. Tlie purpose of this filter is to make sui'e that the 
oxygen will be dry. Prom the filter the oxygen is conducted through more 
tubing to a small chamber containing a resistor. 

This resistor may consist of a porcelain block or a block of some other 
suitable porous substance, such as porous bronze. The pressure of the oxygen 
will force it through this porous block. The rate of flow of the oxygen will be 
directly proportional to tlie dift'ei-enee in pressure between the oxygen on the 
proximal side of the porous resistance block and tlie pressure of the o.xygen on 
the distal side of the porous resistance block, multiplied bj^ a factor wliich will 
be constant for any given resistance. This latter factor would have to be deter- 
mined by the calibration of each apparatus constructed. 

Incidentally, the dehydrating filter and tlie porous fixed resistor would 
each remove any foreign particulate matter from the o.xTgen flowing through 
the apparatus if any was present. 
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Prom the housing containing the porous resistor, the oxygen is conducted 
by tubing to two places. First, the oxygen is conducted back to the mercury 
or aneroid manometer, but to the opposite side oC the luanoinetcr, so that the 
manometer shows directly the dift'erence between tlie i')ressurcs on each side of 
the fixed resistance. Second, it is conducted through tubing to a wash bottle 
where the oxygen bubbles through a liquid such as distilled water. This makes 
the flow of oxygen visible and humidifies it. 

From the wash bottle the oxygen is conducted llirough a suitable outlet to 
which is attached in each case, before the apparatus is used, a sterile outfit con- 
sisting of a sufficient length of rubber tubing, a small t wo-way valve so that a 
sju’inge may be attached to the tubing, a glass ada])tcr, and a needle for inject- 
ing the vein. I have adopted a 22 gauge needle. 

To use the apparatus the oxygen is turned on and allowed to flow for a 
reasonable time so as to wmsh ovrt any residual ai\'. ‘While the oxygen is flow- 
ing, the needle is inserted into the patient’s vein. 

\Vhen a tourniquet is used to distend the veins, it causes an appreciable 
increase in venous pressure. Therefore, when the needle is first injected, and 
before the tourniquet is released, a small amount of blood may flow into the 
needle. However, when the tourniquet is released, the oxygen pressure imme- 
diatel 3 ' pushes the blood back into the blood stream. Tliere is a small amount 
of blood remaining which adheres to the surface of the lumen of the needle. 
This blood may be washed out of the needle by attaching a syringe containing 
a solution of sterile sodium citrate or other suitable anticoagulant solution of 
suitable strength to the small two-waj’’ valve. The valve is so adjn.sted that the 
citrate solution ean be injected from the syringe into the rubber tubing just 
proximal to the glass adapter. The valve is then adjusted to cut off the flow 
from the syringe and to allow the oxj'gen to flow throngh the sterile rubber 
tubing. The oxv^gen coming through pushes the sterile citrate solution through 
the glass adapter and the needle, wa.shing out an 3 ' blood which maj' be present. 
This process of adding citrate solution to the tubing can he used previous to the 
initial injection of the needle into the vein. 

It is also recommended that the apparatus have a manometer, preferablj' 
of the aneroid type, with a range from zero to about 60 mm. of mercury. This 
manometer is attached by tubing to the apparatus at some point between the 
fixed resistance block and the sterile rubber txibing. It is suggested that it be 
attached so as to show the pressure of the oxj^gen in the wash bottle. This pres- 
sure will correspond veiy closelj' to venous pressure. 

Normal venous pressure ranges between 4.4 and 8.8 mm, of mereiuy. In 
heart failure venous pressure will rise from about 9 mm. of meremy to as hio-h 
as 30 mm. of mercury in severe grades. If there is any stoppage in the appa- 
ratus, such as would occur if a clot were to form in the intravenous needle this 
would be indicated by an unusual rise in pressure, as shown by the gau"e. This 
gauge also provides valuable clinical information as to the degree of heard failure. 

The outlet in the wash bottle from which the oxygen buirbles must have a 
small aperture. If this aperture is large, the bubbles coming throimh will he 
large and will cause a '-bump effect,” which is really a slight variation in the 
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pressure of oxv'^en. This efl'eet may eau.se au uneven flow of o-xygeu into the 
vein. TJie apparatus must he so eonstructed that the o.xygen How is always 
uniform. 

One should use a new stainless steel needle, entirely free of corrosion, or a 
gold or platinum needle. See Figs. 1 and 2 for further details. 



Fig. 1. — Apparatus for intravenou.s o.xygen therapy. Schematic drawing: a, tank of 
compressed o.xygen : h, screw for fastening yoke to tank ; c, yoke ; il, valve for openln.g tank : 
c, tubing; /, gauge showing finlc iire.s.sure ; </, ilxed pressure reducing valve; Ii. adjustable low 
pressure reducing valve; i, .«crew for adjusting o.v.vgen pre.ssure and volume of How; }, mano- 
meter showing volume of oxygen How; axed porous re.sistance; I. wash bottle; in, venous 
pressure gauge: >i, o, t>, q, .sterile tubing, two-way valve, .and adai>ter lor receiving glass 
syringe, glass adapter, and intravenous needle. 


The apparatus I have devised always ojienites under positive pre.ssures of 
oxygen without interruption or variation, except as ad.iusted. Any leak develop- 
ing in this apparatus could not possibly admit air. as oxygen would escape from 
the appai’atus to the outside, preventing air from gaining access to the apparatus. 

An additional advantage of thi.s apparatus is that it always supplies o.xygen 
by pressure which is slightly greater than that of the venous pressure. If the 
venous pressure varies, the pressure in the apparatus will vary accordiugb', 
always remaining slightlj" higher than the venous pressure. Other types of 
apparatus that have been used experimentally and that have not been prac- 
tical for therapeutic work have supplied oxygen at pressures determined by the 
characteristics of the apparatus without respect to the venous pressure. 

Another advantage of the apparatus is that it requires no pump device or 
electric motor. The oxygen proceeds through the apparatus by virtue of the 
pressure of the oxygen in the compressed oxygen cylinder. Thus the apparatus 
can be used at any place, wdiether or not there is a source of energy, such as 
electric power. 

ClANICAr, CONSIDF.RATIONS 

Cases "will be reported in detail later. A large A'ariety of disease con- 
ditions in which oxygen therapy is indicated has not been available up to 
this time. However, the patients who have been treated have shown in general 
the following results: Cyanosis is abolished. Tlie pulse rate becomes lower. 
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1 T’ho mental state becomes cleaver. 

The blood pressure, ii low. tends o ‘ ■ within a few minutes. One 

One patient who was comatose entirely relieved of the edema after 

twelve hours, folloniUc a hv natients to the effect 

Various cororaents too ton otiici, wludi Uioy have 

that they ,.«Icrrcd this lorh, ot oxygen therapy to 



Fig. 2, 


The treatment is no more complicated than the administration of solutions 
intravenously, and the apparatus requires but little more attention. The 
nursin'- care of the patient is much easier than when he is m an oxygen tent. 
No unfavorable reactions, subjective or objective, have been observed thus far. 

I have not had the opportunity to study the signs and symptoms of pul- 
monary oxygen embolism, which others have olisovved, because 1 do not give 
enough oxygen to cause puhaoiiary emholisin. According to Singii and Shah,* 
the signs and symptoms of pulmonary gas cmiiolism (tamponade) are the 
same as those observed in animals. These authors state, “With slight embo- 
lism there is a rise in blood pre.ssurc and pulse rate; this does not indicate any 
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danger; unci the oxj'geu sluiuUl not lie witlilield.” With this stateiueiit I 
eannot entirely agree. I believe that if an amount of oxygen is being given, 
which causes a rise in blood pre.ssurc with a eon'es])onding rise in pulse rate, 
the flow of oxygon should he reduced in amount. The .signs and .symptoms of 
pidmonary oxygen emliolism apparently furnish adecpiate warning of an 
overdose. 

In my experience, using llierapeiitie amounts of oxygen, averaging 200 
to 000 e.e. iier hour, I have oh.servcd that when tlie iilood pre.ssnre is low, as 
in shock or heart failure, it will rise. There is also an aeeompanying .slowing 
of the pulse rate and a le.ss labored and a .slo\ver 2 'espiration. Thus the pulse 
rate and the respirator;! rate arc the important thinfjs to observe during the 
intravenous administration of oinjuen. An appreeialilc increase in pulse rate 
and re.spiratory rate oeeurring during the administration of oxygen would indi- 
cate that the rate of o.xygen adminlsti-ation was too great. 

KCOXOAIICS 

On a twenty-four-hour basis the co.st of tlie oxygen administered intra- 
venously would not he over ten eents, and would ])ro))ahly ho .somewhat less. 
Contrasted to this, the cost of oxygen, on a twenty-four-hour basis, as admin- 
istered by tent might range anywhere from $6.00 to .$20.00. Tlie original 
cost of the apparatus would he much Ic.ss than the average type of apparatus 
used at the present time for adiuiulsteriug oxygen by other routes. 

niKCi:s.s!ox 

It is my belief that the intravenous administration of oxygon is more effec- 
tive and very mneh less expensive than otlier methods of oxygen tiierapy. 

The improvement ob.served in patients seems to be all out of proportion to 
the small amount of oxygen administered. This is rather difficult to explain 
in exact scientific terms. But an explanation is offered as follows: 

When oxygen is administei-ed intravenously, the body is getting something 
that it urgently needs without expending any energy. It requires a certain 
amount of energy for the pumping action of the heart and the respiratory 
movements of the chest to obtain oxygen for tlie use of the tlssue.s. Any oxygen 
given intravenomsly reduces the amount of work finis required of the heart and 
chest. In addition to this, the physiologic* proec.sses of the body, in general, 
seem to be improved, no doubt a.s a result of improved tissue metabolism. 

When oxygen is given intravenously, it provides ojiportunity for reduced 
hemoglobin to absorb oxygen directly. This direct absorption of oxygen by 
hemoglobin can occur in the vein, in the right side of the lieart, and finally 
in the vessels of the lungs. That this absorption does occur is shown bj' the 
clinical improvement which results. 

If one listens with a stethoscope over the tricuspid area of the chest dur- 
ing the intravenous administration of oxygen, one hears bubbles of oxygen 
rushing about in the right side of the heart. If one then listens over the mitral 
area of the chest, no bubbles can be beard. Tliis is an indication that the oxygen 
is absorbed before it reaches tlie left side of the heart. 
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Another possibility remains; this is, that the oxyiien, or a portion of it, 
may not all be absorbed by the venous blood and may pass from the lun;^ 
eapillaries into the alveoli of the Inng. On the grounds of clinical evidence I 
do not believe that this happens. Dick“ studied this point and states, “it 
should be noted in this connection that the oxygen consumption of the animal 
remained unaltered, the oxygen introduced by vein being compensated for by 
a decreased absorption from the lung.” This finding, based on careful work 
done by Dick, was in spite of the fact that he gave approximately ten times as 
much oxygen as I have found necessary for therapeutic results. 

The clinical evidence of improvement is perhaps not sufficient to convince 
all of the value of this method of treatment. It is proposed to measure the 
ox 3 "gen consumption with a metabolism apparatus before and during the intra- 
venous administration of oxygen in a manner similar to that used in animal 
work by Dick.'* Another laboratoiy method which I expect to use is the 
analysis of arterial blood for its oxygen content before and during the intra- 
venous administration of oxygen. 

It is believed that the effect of the intravenous administration of oxygen 
should be determined in certain types of mental disease, such as alcoholism and 
dementia praecox. 

Another brief discussion of oxygen embolism is in order. The phenomena 
of air embolism are produced by nitrogen. Bubbles of nitrogen present in the 
capillaries of a tissue will shut off this tissue from its supply of oxygen. In 
contrast to this, bubbles of oxygen in the eapillaries of a tissue cannot shut off 
this tissue from its supply of oxygen. Animal and human experiments indicate 
that tissues will graduallj’’ absorb these bubbles of oxygen. "When this hap- 
pens, the blood flow through the capillaries is again re-established, and the 
tissues in the meantime have not been deprived of oxygen. 

I have been informed that medicinal grade oxygen is 99.5 to 99.8 per 
cent pure. The impurities present are said to consist mostly of nitrogen with 
slight traces of other inert gases. From what I know of the elimination of 
nitrogen in caisson disease, it can be assumed that this amount of nitrogen is of 
no significance. In general, those who have employed oxygen intravenously in 
the past have not had available a .supply which was 99.5 per cent pure. 

Two contraindications to the intravenous administration of oxygen have 
been discovered. When there is a marked diminution in the capacity of the 
vascular bed of the lungs, such as occurs in advanced tuberculosis and emphy- 
sema, the amount of oxj^gen given intravenously should be greatly reduced in 
amount, or not given at all. 

When there is a marked dilatation of the right ventricle, as shown by an 
unusually high venous pressure, intravenous oxygen may be of no avail The 
above conditions are obviously related, since increased resistance to the flow of 
blood through the lungs is the usual cause of dilatation of the riglit ventricle. 

The apparatus presented may be used experimentally for the intravenous 
administration of gases other than oxygen, such as gaseous anesthetics ^ms- 
oxygen mixtures, and other gases. ’ ° 
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SUMMAUY 

An apparatus lias boon tlovisctl and described wliich makes the intravenous 
administration of oxygon safe. 

The intravenous administration of oxyj'en to patients has, in my experi- 
ence thus far, been more elVeetive tlian oxygon administered, ])y any other routes. 

The cost of tlie administration of o.xygen intravenou.sly is almost insig- 
nificant in eomparison with administration by other methods. 

It is believed that the intravenous administration of oxygen can lie used 
in most of the conditions in whieli oxygen thcrajiy is indicated. 
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CULTIVATION OF SPIROCIIAETA PALLIDA ON TIIIC CHORIO- 
ALLANTOIC MEilBRANE OF THE DEVELOPING HEN EGG® 


J. Lamak Callaway, H.D., .vnd Jane fctUAun, A.B., Durhaji, N. C. 


M ^iVNY attempts liavc been made to euilivate Spirochuefa pallida on artificial 
media.'’' At pz-esent, however, infected rabbits are the only reliable 
source of the organisms for experimental purposes. To obtain fairly large 
quantities of spirochetes more conveniently, and possibly more quicldy, we have 
attempted their cultivation on the ehorio-allantoie membrane of the developing 
egg. Stez'zi and Staudacher® have reported survival of the organisms on the 
choi-io-allantois of the egg for six hours, and retention of virulence for tu'o 
hours, using the Truffi strain of S. pallida. 

In our M'ork the Nichols straiuf was used directly after one rabbit passage. 
The material used in the beginning was a frozen 50 per cent testicular mince 
suspended in 1 per cent neopeptone veal infusion broth, pH 6.9.® The mince 
was thawed rapidly in a 37° C. water bath, and 0.25 c.c. M’as injected into the 
right testicle of a healthy male rabbit. The animal showed characteristic 
lesions of rabbit syphilis thirty-nine days after inoculation. A dark field of 
the testicular fluid revealed many motile spirochetes. The rabbit ivas sacrificed 
by injecting 20 c.c. of air into the external vein of the left ear. The testicle 

•From the Section of Dermatology and SyBhiloIogj', Department of Medicine, Duke Uni- 
versity School of Jledicine. Durham. 
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was excised, cut into pieces of about 5 c.miu., and ground for ten minutes with 
sterile sand. One per cent Difco peptone beef infusion broth, pH 7.4, was used 
to make a 50 per cent suspension by weight of the testicular material. The 
suspension was well mixed, and the sand and heavy tissue weie thiown down 
by centrifuging at low' speed (350 r.p.m.) for five minutes. 



Fig. 1. — ^Rabbit No. 15, fifty-nine days after inoculation. 


Osing the Goodpasture technique,*® 0.1 c.c. of the supernatant fluid was 
dropped onto the chorio-allantoic membi’ane of each of ten fertile hen eggs 
which, had been incubated ten days at 38° C. After inoculation the eggs w'ere 
retm-ned to the 38° C. incubator. The time elapsed from the rabbit’s death to 
inoculation of the eggs w’as one and one-half hours. 

One of the embryos ceased normal movement seven hours after inocula- 
tion. At this time, 0.25 c.c. of its chorio-aUantoie fluid was injected into each 
testicle of a healthy male rabbit (No. 14). The material injected showed a few 
feebly motile spirochetes by dark-field examination. However, no syphilitic 
lesions have been observed in the rabbit in ninetj' days. 
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A second einliryo was dead Uvenly-seveii lionrs after inoculation. This 
egg was opened, and 0.2;') e.e. of its ehorio-allantoie il\iid was injected into each 
testicle of another healthy male rabbit (No. lb). Darlc-field e.xaininatiou 
showed one or two sluggishly motile s))iroehete.s jjcr field. Forty-seven day.s 
after inoculation the right testicle of this animal was swollen and indurated, 
the left testicle remaining normal in appearance. P’ifty-nine days after inocu- 
lation both testicles were greatly swollen and hard masses could be felt. There 
was a chancre-like lesion 2 cm. in diameter on the left testicle (Fig. 1), and 
numerous motile spirochetes could be seen in dark-field preparations. 

On the si.xty-Fourth day following inoculation, rabbit No. lb was sacrificed; 
both testicles were cut and ground with sterile sand, then mi.xed with Difeo 
peptone beef infusion broth, pH 7.4, to make a bO per cent emulsion by weight. 
The supernatant licpiid was j)rei)ared by centrifuging as before, and O.b c.c. 
of it was used to inoculate another rabbit (Xo. 19). At this time, the prepara- 
tion showed many motile spirochetes by dark-field e.xamination. The remainder 
was frozen and preserved at -78° C. 

Tissue sections of the liver and heart of the embryo from the egg used to 
inoculate rabbit No. lb, stained by Levaditi’s method, showed no spirochetes. 
The remaining eight of the ten eggs inoculated were allowed to hatch, and the 
chicks appeared normal for ten days, the limit of observation. Tissue sections 
of their hearts and livers taken at this lime .showed no recognizable spirochetes. 

Twenty-four days after inoculation rabbit No. 19 showed swelling and in- 
duration of both testicles. Thirty days after inoculation dark-field preparations 
of material aspirated from each testicle showed numero\is motile spirochetes. 

The infection of rabbit No. lb indicated that virulent spirochete-s of the 
Nichols strain will live twenty-seven houi-s in the developing hen egg and, iu 
some cases, will retain their virulence for that length of time. The infection 
is transferable from one rabbit to anotber, the first rabbit-lo-rabbit transfer 
producing rabbit .syphilis within the normal time limit, ilore work is neces- 
sary to determine how great a ])ereentage of the egg inoeula will live, whether 
spirochetes will multiply in the developing egg, and in which part of the egg 
surviving or growing spirochetes are most abundant. 
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TENSILE STRENGTH OP HAIR AND HAIR ROOTS 


Max Hixci Au axd Emil Bogex 
Olive View, C.uaf. 


TN THE preparation of animals for intradermal or subcutaneous injections, the 
* usual practice is to shave the dry or lathered hair with a razor, sometimes 
after preliminary clipping with a scissors or hand or electric clipper/ Occa- 
sionally a chemical depilatory, such as barium sulfide, is used. At the Olive 
View Sanatorium it has been found simpler to pull out the hair from the guinea 
pigs in about half a dozen tufts, tluis clearing a space large enough for the 
injection. This plucking is faster, lasts longer, and produces less local irritation. 
Onl}’’ a few seconds are required, as compared with the longer time needed for 
clipping, lathering, shaving, and getting, cleaning, and replacing the clippers 
and razors, or applying and removing the depilatory. The part which is 
plucked remains bare for many days longer than tlie part which is shaved, thus 
allowing better observation of local reactions that may occur. With the plucking 
of hair, the guinea pig skin is left smooth and pale, and no inflammatory reac- 
tion follows, so that the reaction to injections may be readily noted. On the 
other hand, shaving is not only followed by gross cuts and injuries, but micro- 
scopic examination of the fre.shly shaven skin indicates that many subvisible 
lesions may also he inflicted, anj' of which increases the chances for local irrita- 
tion, inflammation, and infection. 

Insofar as sensation or distress can be gauged by the behavior of the ani- 
mals, it appears that plucking is less painful to the guinea pigs than the more 
prolonged procedures of shaving or applications of epilating pastes. The guinea 
pig hair usually comes out so readily that there is not the tension on the skin, 
which is the usual cause for pain in hair-pulling. Guinea pigs seem much 
more frightened than hurt by the procedures in general, and soon become used 
to handling. They usually utter the greatest amount of audible complaints, 
squeals, etc., while they are being sought and picked up, subsiding soon after 
they are firmly grasped. If not too great a tuft of hair is taken at each time, 
and the plucking is done rather brusquely, they may make no further protest 
(luring the entire procedure, or at most only a single yelp at the fli'st touch. 
With a little practice technicians become so adept at this mode of epilation 
that tliey can prepare a large number of animals for testing unthin a few min- 
utes, with practically no complaint on the part of the subjects. 

The ease with which hair may be plucked from guinea pigs is markedly 
in contrast with the resistance to .such hair-pulling shown by rabbits and other 
animals, especially the fur-bearing species. For such subjects, shaving offers 
aj^li better means of baring the skin. Very simple observations were suf- 
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ficient to demonstrate that this was tlie ease. Even tlic removal o£ a few hairs 
from a rabbit is difficult; to pluck a large clump of hair may re.sult, if sufficient 
force is used, in actual disruption of tlic skin, if the hair does not, as is more 
often the ease, break in the grasp. 

In order to obtain quantitative data regarding the case of removal of hair 
from the guinea pig, a series of simple measurements was undertaken. A light 
wire spring scale was calibrated by attaching various small weights, from 1 to 
100 Gm., to a mosquito forceps at its lower end. Wlien the forceps grasped a 
hair instead, and the spring scale was withdrawn, the elongation of the spring 
and the corresponding tension exerted were readily observed. 

Ordinary human hair, pulled from the forearm of an adult male, exerted 
a tension of from o to 25 (im. before extraction, witii an average of 12 Gm. per 
hair. Thereafter, pulling at the extracted hair until it broke off somewhere in 
its length retiuired another force of from S to 32 Gm., with an average of IS Gm. 
per hair. 

Accordingly, a human hair will usually, when j)ulled sufficiently, come out 
from the skin, but if jerked rapidly, it is ai)t to break off, since the breaking 
stress is about 50 per cent greater than that of einlation. 

On the other hand, hair from the back of a guinea pig came out with the 
application of from 1 to 5 Gm. force, usually about 2 Gm. However, the same 
hair could not then be broken without the application of from 10 to 52 Gm. of 
tension, averaging about 25 Gm. It appeans, then, that the hair of the guinea 
pig is really somewhat stronger than that of man, but that the hair root in the 
guinea pig is quite fragile, releasing the hair at le.ss than one-sixth the tension 
required to pull out a human hair, and le.ss than one-twelfth the force required 
to break off the hair. Accordingly, the chances of breaking off the hair on 
plucking a guinea pig, instead of extracting it, are very slight. 

Further studies in the same manner may be desirable to elucidate the ef- 
fect of season, sex, age, pregnancy, hair, and skin color, hair length and thick- 
ness, curliness of hair, etc., as well as the effects of various diets, diseases, and 
environmental factors on the hair of different speeies.- 

The present study merely documents the ])reviously observed fact that the 
hair of the common guinea pig is readily removed by simply plucking it out 
in clumps, and that this makes a much simpler and more effective way of epilat- 
ing a guinea pig than does shaving, clipping, or the application of depilatory 
paste or lotions. 
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AN INEXPENSIVE ANIJIAL C03IPRESSI0N CHAIilBER^ 


Edgak Exd, B.S., M.D., SIilw-aukee, Wis. 


I T IS possible to construct a simple and efficient compression chamber for 
small animals at very low cost. The chamber described here was built in 
the school shop at a cost of less than $15.00 and has jjiven almost uninter- 
rupted service for four years. It was originally used in animal experiments 
incidental to the development of helium-oxygen mixtures for use by divers 
and others working under increased atmosplierie pressure.^ It can be used to 
subject rats, mice, guinea pigs, and small rabbits to increased pressure in any 
gas or mixture of gases. By substituting an appropriate gauge and using 
suction instead of high pressure, it may be employed in experiments in reduced 
pressures as well. 

The body of the chamber consists of a 1-foot section of 6 inch standard 
steel pipe, carefully squared on the ends. Next, a circular steel plate 10 inches 
in diameter and % inch in thickness is converted into the door or back cover 
of the chamber. This plate is centered in a lathe, and a shallow, circular 
trough is cut into one face. The trough is just wide enough to accommodate 
the end of the 6 inch pipe comfortably. Later this trough is filled with melted 
lead to form a gasket. The center is -then cut out of a second plate of the 
same size. The ring thus produced is just large enough to slide over the out- 
side of the chamber and form a collar for it. This collar is later welded in 
place 1 inch from the back end of the chamber. A third plate of the same size 
has a 4 inch circle cut from its center, Avith the cut beveled % inch toward the 
outside. This last plate covers the AvindoAv of the chamber- and holds it tightly 
in place. The AvindoAv itself consists of a 6% inch circle of plate glass 1 inch 
in thiclmess, 

The various parts of the compression chamber are held together by eight 
steel rods made from eight 16 inch lengths of % inch mild steel rod, threaded 
for a distance of 1% inches on one end and for ^Yo inches on the other. These 
rods pass through holes drilled in the collar and end plates of the chamber. 
First the tAvm end plates are drilled with eight Y'io ineb holes spaced cA'-enly 
around the margin, Avith their center's % inch fx’om the edge. Using these 
plates as a template, the collar is then drilled Avith eight holes AAdiieli are tapped 
to take the tlireaded rods. The rods are all threaded through the collar from 
one side, using the ends Avhieh had been threaded for a distance of 3i/> inches. 
The collar is then easily held in position Avhile being Avelded to the chamber by 
placing the tAvo end plates in position oA-er the ends of the rods and draAvin" 
them up snugly by means of nuts. 

waukeoT™'” Department of Physiolosj'. Ararquette University School of Jledicine, illl- 
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Fig. 1. — Compression cliamber showing view through wlntlow; motliod of attaching gauge and 
valve : and back cover removed to show lead gasket. 



o Back view of chamber with cover In place. The tray for chemicals and the screen 

h ig, floor of the chamber are shown. 
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The chamber is assembled by placing a thin, paint-soaked leather gasket 
between the end of the pipe and the window, and a plain gasket between the 
window and the plate which covers it. This plate is then drawn up very tightly 
and evenly by means of nnts on the ends of the % inch rods. The cover of the 
chamber is tightened in place in the same way. The cover and one of the rods 
are punch marked to insure replacing the cover in the same position every 
time. After the nuts have been tightened and released several times, the lead 
gasket becomes shaped to the end oi the pipe and forms a tight joint when the 
cover is drawn up tightly and evenly. 

The chamber is completed bj" drilling a hole through the top and thread- 
ing into it a short piece of heavy inch brass pipe, to which is attached a 
brass cross. A pressure gauge is then attached to the vertical arm of the cross, 
and a needle valve to each side arm. Such an arrangement pei'mits the intro- 
duction of gas through one side arm and its subsecpient removal through the 
other one. Also, two gases or mixtures of gases can be used by introducing 
one from each side. As can be seen from Figs. 1 and 2, a packing box ‘has 
recently been substituted for one of the needle valves to permit an insulated 
we to be run into the chamber to provide current for illumination whenever 
it is desired to photograph the animals. 

Carbon dioxide and moisture may be eliminated by ventilating the cham- 
ber ; a galvanized iron tray of chemicals beneath the screen floor assists in this 
elimination. The bottom of this tray is filled with calcium chloride to absorb 
moisture. A blotter saturated with concentrated sodium hydroxide solution, 
to absorb excess carbon dioxide, is supported on a screen above the tray. The 
floor of the chamber is made of hea\'y screen placed high enough above the 
blotter to prevent any caustic from coming in contact with the animals. 

The chamber before being used for experiments should be tested by filling 
it with water and then subjecting it to a pressure considerably higher than any 
that will be used experimentally. A cylinder of compressed air provides a 
very convenient source of high pressure for this test. Leaks wall be beti-ayed 
by the e-seape of water, and no violent explosion will occur if any part breaks. 
It is theoretically safe to employ pressures of several hundred pounds per 
square inch in this chamber, but we have never had occasion to use pressures 
in excess of 100 pounds. If high pressures are used, a mirror should be ar- 
ranged to permit the observer to see the inside of the chamber without stand- 
ing in front of the glass window itself. 


SUMMARY 

The construction of an experimental compression chamber at a cost of less 
tlian .$1.5.00 is described. In this chamber rats, mice, guinea pigs, and small 
rabbits can be subjected to pressures in excess of 100 pounds per square inch in 
any gas or mixture of gases, and their reactions can be observed. The chamber 
may be employed in studying the effects of reduced pressure. 
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A DIRECT PLETHYS.MOCRAPIIIC .RHTIIOD FOR DETKR.MiNLXG THE 
BLOOD PRES.srJHi LV THE ILVANESTHl-yTIZED RAT*' 


Syijxey M. J*’uiKUJiA\‘, -M.I)., il.Sc., .MoNTUKAi., Canada 


W ITH the clevc‘loj>iiit‘n! oJ‘ }ochjJK{iJ(“.s for pi^oiliicijiij: hypertcii-sioii in the rat, 
many invt>.stii^ator.s have altcnipled to tjevi.se melliods for the indirect 
measurement of blood ])re.ssure in small rodents. Early methods made use of 
anestlietized animals,' but siiu-o tiic anesthetic itself had .some effect on the blood 
pressure, methods were souiriit for use on tiio nomuiesthetized animal. The 
tu’st of tliese wa.s that of Diaz and Levy,- wliieh ‘iave reliable re.sults but neces- 
sitated the cutting of the tail and some lass of blood. William.s, Harrison, and 
Grollmau designed an ingenious apparatus wJneh, in their hands, gave very 
consistent results.^ In the eonr.se of oiir invest igation.s this method was used 
with some success, hut wc encountered .several ditlien!tie.s. In the tirst place, 
the method reejuires that the animals be warmed and trained, and is not always 
feasible. Furthermore, there is no objective criterion by which to determine 
whether the animals have been equally warmed. In addition, we found that 
since the tail is sej>arated from the water in the water chamber hy a surround- 
ing thin I’ubber tube, tlie apparatus is not very .sensitive to .small variations in 
pi'cssure, and worfe best witli a rat wbo.se tail tits close to the rnhi)er tube. In 
the ease of small rats it is not always possible to collapse iha tube about the 
tail without leaving air spaei\s, and as a result the expansion of the tail at 
systolic pressure may be taken ut) by the slack of the i-ubbei- tube. 

To obviate these diftieuUies we de.signed the following apparatus which 
employs direct plethysmography, and 2 -e<juires neither training nor preliiuiiuiry 
heating. In our hands tiiis apparatus ha.s given vei-y consistent resuit.s. 

vKsCKiurioy op tiik .m’c.vk.vtus (Pig. 1.) 

Part 1 consists of a cylinder 2 inches in diameter and O' inches long, made 
of continuously perforated tin or other metal. Tliis is closed off at a by a cork 
which can be used to adjust the tube length. TJie other end is closed by a sleeve 
cylinder of metal made to fit o%'er the tube (about 2i'^ inches in diameter). 
This sleeve is completely closed at b c.xeept for a inch hole drilled in the 
center to permit passage of the tail. Tliis paj-t holds the animah 

Part 2 consists of a glass cylinder of I inch diameter and (4 inch long, 
closed at both ends except for the flanged apertures at e and cl as sho^vii. These 
are % inch and 'Kc inch, respectively. At c there is a short glass tube of 
inch bore to admit air. Cigarette drainage tubing of % inch diameter is 
passed through the two apertures, stretched and cemented over tiie flanges, 
and tied down. This completes the pressure cuff. For small rats of less than 
100 Gm. a similar cuff is used, but with apertures of (4 “icli and %g inch, 
respectively. 

~^rom the Department of Anatomy. McGill University, Alontreal. 
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Part 3 is a cylinder of glass, % inch in diameter, with a Hanged opening 
of 14 inch at f, and closed at g. The tube lengtli is 6 inches. At the superior 
surface of the distal end an S-shapcd capillary manometer (0.5 mm.) is placed, 
which rises 2 inches above the tulie. At h and i stopcocks are placed for watei 
inlet and outlet. A one inch lengtli of Vj. inch cigarette drainage tubing is 
cemented in place over the flange, which when snugly applied to the tail acts 
as a stopper for that end of the tube. This diameter of tubing is most satisfac- 
tory for overall use, while ‘Xc inch will be found better for larger animals 
(above 150 Gm.) and %„ inch for small animals (less than 100 Gm.). The 
design of the apparatus permits replacing or changing of the rubber tubing in 
a few minutes. 



The general arrangement is shown in Fig. 2. The three parts are held 
together with clamps that .slide on a rod. The pressure cuff is connected both 
to a mercury manometer and to a bulb with a shut-off valve, via a glass tivo- 
way connection. The wnter chamber is connected to a 50 c.c. syringe which 
acts as a water resen’oir and allows the same water to be used without con- 
tinually replenishing a simple wmter reservoir. The entire apparatus may 
be conveniently housed in a three-sided box. 

The rat is gently placed in the holder that is then closed with the coverin'^ 
sleeve, allowing the entire length of the tail to protrude freely. The holder is 
placed in the clamp and the animal is allowed to sit for a minute to accustom 
itself to the holder. If the animal is very restles.s, an electric light placed 
beside the holder will usually give it a little warmth and quiet itr The tail 
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is tlieu piissed throipiili tlie pressure cuff whicli is moved, to^etlier ivith its 
clamp, as close (o the holder as possible. .Sol't vaseline is smeared on the distal 
end oi’ the tail for about one inch from the cuff, and the tail pa.ssed through 
the sleeve into the n’ater ehamber. This latter is moved as close to the cuff us 
possible, so that a ma.ximum of tail will be immersed in water. However, care 
must be taken that although the rubber sleeve is tight enough to prevent water 
leaking out around the tail, it is not light enough to occlude tlie blood supply 
to the distal part of the tail. Such an adjustment is in practice quite simple. 

Pres.sure is apjdied to the tail to a level of dO to aO mm. Ilg above the 
e.xpcctcd systolic level. Water is run in from the .syringe via the stopcock, 
filling the water ehamber eomi)letely, and rising until the manometer is about' 
half filled. Adjustment of the level in the manometer is most easily carried 
out by withdrawing water through the outlet stopcock. Pre.ssure is then 
gradually released. 

At systolic blood pressure blood will tlow into the tail, and — being unable 
to return through the still occluded venous eliauuels — will cause the tail to 
expand and the water to rise in the manometer. This expansion will be rep- 
resented in the manometer by a rise of 2 cm. to 12 cm. or more. With practice 
it is possilde to distinguisli accurately two rates of expansion. The fii'st occurs 
ju.st at systolic pressure and is very .slow .so that the water level rises in small 
jerk.s. The second occurs la to 20 mm. below this and is rajiid and fairly 
smootli. The first readings the beginner will make is this lower one, .since it is 
more obvious, but with a little care the higher first point will be distingui.shed. 
It is our imiiression that the knver imint corresponds to the unobstructed inllow 
of blood at diastolic, and hence that our two points i)robably correspond to 
those described by Diaz and Levy. 

The following difficulties may be encountered. The animal, although not 
necessarily excited, may move its tail about. Such tail movements are readily 
distinguished from the true expansion by their jerky character, the large rise 
of ■water in the manometer, and the quick fall back again. If a tail movement 
oeeur.s at an inappropriate moment, pre.ssure is merely released and re-applied 
a second time. This may be repeated until one is certain of the reading. 
Another point of caution is that the water chamber should not contain any air, 
although one or tivo small bubbles will not interfere with the recording. 

The method requires some practice but will, with care, give reliable and 
consistent results, both for single or rciieated pressure.s, and reiiuires very 
little time. 

T.vble I 
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We record in Table I the systolic pressure obtained on 12 normal rats with 
an average body iveight of 124 Gm. Tlie eonsistencj' of the pressure levels in 
these animals is striking and agrees well with tlie results obtained by direct 
manometry.'* 
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In Gi-aph I we record as an example the continuous systolic and diastolic 
blood pressures of a rat given a small dose of nembutal (sodium pentobarbital) 
for other purposes. 

The normal pressure of the animal was first obtained, the injection was 
given, and within five minutes the animal was back in the holder and remained 
there until completely recovered. We wish to draw attention to the fact that 
more than half the points on the graph were plotted without the animal being 
under anesthesia, and to observe that diastolic readings represent the second 
point discussed in the foregoing description. 



Graph 1. 


SUilil.VRY AND CONCLUSIONS 

1. A method for the determination of both sj'stolic and diastolic pressures 
in the nonanesthetized rat is described. 

2. Sample records are given to show the magnitude of the results obtained. 
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AN AUTOilATIC QUADRUPLE PIPETTING .MACHINE FOR THE 
RAPID AND ACCURATE DELIVERY OF MEASURED 
S.MALL A.MOUNTS OF FLUID* 


R. J. Lkbowicii, IM.D., II. D. Guksky, C. F. Ackkuu.vukk, F. A. Oi’p.s 

Glox’eksvii.i.k, N. Y. 


A NU3IBER of automatic' pipettes liave been eoiistructecl for tiie delivery 
of accurately measured (juaiitities of fluids in such tests as the comple- 
ment fi.\atioix test for syixhilis. The assemblies of Lorenz* and Laird- share the 
common and significant disadvantage of variation, and therefore, inaccuracy 
in delivery of fluids due to actuation of the two-way valve by the flow of fluid 
through it. The automatic pipette of Hartman,^ incorporating a mechanically 
operated two-way valve, is sound in principle and accurate in operation, but 
the design of its construction does not readily lend itself to adaptation in a 
test like the New York State quantitative complement fi.xation test* for syphilis. 

The desirability of an apparatus to dispense accurately and rapidly various 
fluid reagents in amounts ranging from 0.05 e.e. to 0.2 e.c. in the New York 
State quantitative complement fixation test for syphilis led to the development 
of an automatic quadruple pipetting machine of high accuracy and precision. 
Simple in eonstraetion and operation, it demands little or no manipulative skill. 
Apart from this test, the instrument is of value in any j-outine method, chemical 
or serologic in character, requiring the repeated delivery of measured small 
amounts of different fluids. The prime advantages of its design and construc- 
tion lie in the elimination of complex gearing, belting, and rheostats, thereby 
avoiding the frequent breakdowns and changes in speed of delivery accompany- 
ing their use. 

The instrument (Fig. 1) is driven by a Ko H. P., A. C., 110 voIt-60 cycle 
General Electric small synchronous motor, rotating at an absolutely constant 
speed of 75 r.p.m. From actual experience it has been determined that the 
optimum working speed for the average technician is 70 to 90 r.p.m., cor- 
responding to an identical number of deliveries of fluid reagent. Hence, adjust- 
ment of the speed of the motor is not necessary. The synchronous motor pro- 
vides a constant speed and eliminates all electrical regulating devices. 

DESCRIPTION OF APPARATUS (Fig. 1) 

An adjustable eccentric (a) fastened securely and directly to the shaft 
of the motor converts the rotary motion into a reciprocating one through a 
Scotch yoke (b), held I'igidly by side gibs (c) which can be adjusted for take-up 
due to their wear. 

•Prom the Eugene Littauer Memorial and Pulton County Eaboratorj', Nathan Littauer 
Hospital. Gloversville. 
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This eccentric (n) moves the pistons {( 1 ) oE the syringes (c) in an upward 
stroke, and at the same time compresses the springs (/) which are plaeed in 
such a position that the pistons are held firmly against the reciprocating bar (</). 

Noncorrosivc heads (/i), enclosing double-cheek valves of a ball-seating 
fully automatic gravity type, arc connected directly to the Luer-Lok syringes. 
It has been found that this is the most simple and efficient design for the pur- 
pose of preventing the passage of fluid in either direction until demanded by 
the reciproeatuig stroke of the plunger. The valve is a simple and time-proved 
device, consisting of a ball seat and a truly spherical ball. The ball seat is 
angular. The weight of the ball sits in its angularity with a very narrow rim 
surface, thereby eliminating almost completely any danger of accumulation of 
foreign matter in the flowing fluids which would interfere with the function of 
the valve. The two-way valve is actuated by the mechanical action of the 
syringe plunger upon it with almost complete independence of the flow of the 
fluid reagents. 



! \ * ' 


Fig. 1. 

To the noncorrosivc heads are attached inert rubber tubes of 2 mm. thick- 
ness in order to eliminate any pulsations leading to collapse of their walls. 
These, if present, represent a significant source of error in delivery. 

Glass nozzles, prepared from carefully selected 1.0 c.e. standard Ostwald 
pipettes, are inserted into the outlet rubber tubes. It is manifest that each 
tube must deliver a constantly uniform volume of fluid without accumulation 
of a variably sized hanging drop about its opening during, or subsequent to, 
deliveiy. This was eliminated by altering the tip and opening the nozzle of 
the tube, and by polishing its end on a very fine oil stone, thereby eliminating- 
the need of dipping it into oil. Failure to observe these precautions will lead to 
unequal and, therefore, inaccurate deliveries. 
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ACCURACY OF IJEUVERV BY .MACHINE 


The accuracy of the ]upotting machine was determined by M’cighing 10 
successive deliveries of 1.0 c.c. water from each of four .syringc.s. Table 1 
shows the recorded weights of these deliveries at a constant temperature of 
20° C., as determined on a (Ihristian-Bcekcr ciiaiu-o-matie lialanee. These 
figures indicate tliat the individual delivery from eacli jiipette did not vary 
more tlian two jiarts ])er thou-sand, thus indicating the very high degree of 
each individual delivery witli the pipetting maeliine. If even greater accuracy 
in the deliveries of all syringes is desired, four .syringes of exact dimensions 
must be employed. These can be obtained only by selection fi’om a large 
number of sj’ringes by trial weighings of individual deliveries under standard 
conditions. 

T.vui.e I 


■WEicnT i.s Gi;.VMs or Si’cce.s.sive IIeeiveioes or .Syki.n'ges 



SYRI.SaiE 1 

sviaNCK 2 

SYia.saa; .3 

SYiaXGE -1 


l.OO-LS 

1.0000 

1.002-1 

O.OOisO 


i.ooin 

1.0025 

1.0007 

0.997.3 


1.0012 

1.0051 

1.0021 

0.99S0 


1.0025 

1.00-12 

1.0000 

0.9905 


1.0015 

1.0035 

1.0035 

0.9901 


1.00-10 

1.0025 

1.0000 

0.9971 


I.OOIS 

1.0023 

1.0011 

1.0009 


1.0002 

1.0050 

1.0000 

0.999S 


1.0050 

1.002" 

1.0015 

1.0019 


1.00.3.1 

1.0029 

1.0009 

0.09SS 

Average 

weight 

1.0035 

1.0039 

1.0012 

0.99S5 

Mean 

deviation 

0.00150 

0.00129 

0.00095 

0.00150 


E.xtensive e.xperiments with pijietting by hand carried out under condi- 
tions identical with those for the test of the accuracy of the ])ipetting machine 
show that the maximum error is in the second significant place and lies between 
0.9372 and 0.9982. This maximum percentage error of six parts per hundred, 
or 6 per cent, compares unfavorably M’ith the maximum deviation of two parts 
per thousand, or 0.2 per cent, obtained with the automatic pipetting machine. 
This ma}' be a significant source of error in that, with the pipetting of com- 
plement and antigen by hand in the New York State quantitative complement 
fi.xation test for syphilis, the possible cumulative error may rise to a total of 
12 per cent. It is also of interest to note that all deliveries by hand were 
below 1.0 c.c., for which the pipettes were standardized. In the actual per- 
formance of the test, this would represent a second significant source of error 
in that smaller amounts of reagent are added than are required, thereby 
increasing the experimental error. 

CARE OF THE MACHINES 

The normal use of the automatic quadruple pipetting machine requires 
only a general lubrication of its moving parts vdien neeessar}^ and flushing 
of the syi'inges and rubber tubing system with distilled ivater. The intake 
tube is immersed in distilled water, and by insertmg a spatula beneath the 
plunger of the syrmge and moving it up and down for about 20 full strokes, the 
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system is thoroughly flushed out. The intake tube is now removed from the 
distilled water, and with a few additional strokes of the plunger of the syringe, 
the system is emptied. The valve block need not be dissembled unless there is 
accumulation of foreign material on the valve seats, but this is extremely 
uncommon. 


ADVANTAGES OF AUTOMATIC QUADUUPI.E PIPETTING MACHINE 

The advantages of the pipetting machine consist in the elimination of all 
adjustments after its first setting, increased speed and higher precision in the 
delivery of measured small amounts of fluid reagents, and absence of fatigue 
of the operator in comparison with pipetting by hand. In addition, there is a 
complete elimination of breakage and cleansing of serologic pipettes. The time 
required for the delivei-y of antigen and complement m various dilutions, salt 
solution, and sensitized sheep red blood cells in the New York State quantitative 
complement fixation test for syphilis is considerably reduced and accomplished 
with increased accuracy. 

.SUilJIARY 

An automatic quadruple pipetting machine for the accurate and rapid 
dispensing of liquids in amount of 0.05 c.c. to 0.2 c.c. in the New York State 
quantitative complement fixation test for syphilis is described. Its operation 
for over one year in our laboratoiy has given eminent satisfaction. The instru- 
ment can be readily adapted to other laboratory methods. For the delivery 
of larger amounts of fluid, larger syi’inges may be substituted. 

The machine Is manufactured by the Curtin-Hebert Co., Inc., Gloversville, N. Y. 
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THE DETEKHINATION OP SENSITinTY TO PAIN 


A Clinical 


hocis T’lii.sm, yiAX, Bkooklvx, N. Y. 


A ll who Jiave read VUmunml Lihman'.s' elas-sieal c.ssay on tiie individual 
sensitiveness to pain must realize fJiat witJioiil an appraisal of a pa- 
tient’s susceptibility to pain, there cannot he adeijnate diagnosis, prognosis, 
or treatment. The hyposen.sitive patient’s eoinplainls must he magnified 
in order to obtain a proper perspective. Aeeording to Libnian/ a hypo- 
sensitive patient feels less pain, and the pain tliat lie doe-s feel lias an innisual 
i-adiatwii. He imiy have suhstiUition .symptoms, e.g., pre.ssare, burning, or 
numbness instead of pain. Every clinician can prohahly recall a ea.se or two of 
a very acute surgical abdomen, where the surgeon was not eonsnlted early 
because tlie patient did not have real pain, but had instead burning, presstire. 
or numbness over the abdomen. Lilmian believes that in the ease of the hypo- 
sensitive patient, the pain impulses are delayed in the autonomic nervous sys- 
tem, while in the ease of the hypersensitive patient, thvi impulse travels more 
directly to the central nervous system. He thus explains the oeeurrcucc of 
yawning, coughing, ohokhv^, and sneezing instead of pain in the hyposensi- 
tive patient. 

There are many methods for measuring the intensity of the stimulus re- 
quired to cause pain in the skin of a person. It is naturally as.sumcd that the 
induced pain acts in the same way as a spontaneous nain. Roughly, the meth- 
ods for inducing this stimulus are as follows: thermal, electrical, chemical, and 
mechanical. The thermal metliod was first used Iiy Gold-sheider in 1884, and 
has recently been made extremely accurate by Hardy, AVoolf, and Goodcll.- 
The drawback is the extensive equipment and the time nece.s.sary to determine 
the pain tlireshokl of a person. It thus will have limited use except in a 
physiologic laboratory. The excellent paper-s of Hardy and co-Avorkei‘s show 
how well this method can be used on a small scale. The electrical method con- 
sists of stimulation of the skin with a faradie cm-rent and measuring the amount 
that will cause pain in a person. The exponents of this metliod wlio have 
done important work are Helmholtz, Martin,’' Maolit, Hauck and Nouert. The 
chemical method has been inadequate!}' studied, possibly because stimulation 
by this method might cause an actual change in the skin. The mechanical 
method has been studied by von Frey, Eddy,^ and others. Libraan’s test is an 
example of this metliod. In this test the examiner’s thumb is pressed against 
the styloid process of the patient. This allows for a rough estimation of the 
person’s sensitivity to pain. It ean ea,sily be seen that one factor in this test 
would be the strength of the examiner. There is, furthermore, an occasional 
difference between styloid processes. Recently Hollander^ suggested an ingenious 

i^ceived for publication, February 19, 1911. 
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instrument that consists of a grater sewed to a blood pressure cuff. Ihc cuff 
is applied in the usual way to the patient’s arm and the cuff is intlated. The 
end point is reached when the patient cries out or wince.s. According to the 
most recent worlc,” tliis nictliod is not considered accurate in obese oi in mod- 
erately obese patients, and in those with severe or moderate hypertension. 
These restrictions limit the usefulness. 

The instrument used in this study, the sensometer, is also a mechanical 
method of inducing pain in the skin. The one common drawliaek of the me- 
chanical method is that the deformation and internal stre.sscs of the skin and 
underlying tissues are not taken into account. In the method herein described, 
a part of the body is chosen that is not obese ; it is felt that this reduces a 
serious drawback to the pressure method. 



Fig. 1. 


A NEW METHOD OP ESTIMATING PAIN SENSITIVITY 

The device used in this study can he called a sensometer (Pig. 1). It is 
adapted easily from an instrument called the Geneva Lens Measure and is pro- 
curable as such all over the world. It con.sists of two peripheral fixed points, and 
one central point, which is attached to a hand on a watch dial. Originally the 
two fixed points were 2 cm. apart. These have been altered so that they are 
now 7 mm. apart. This can be done by-the local watchmaker or jeweler. The 
reason for the alteration is that a flat surface is preferable for application of 
the stimulus, and it is difficult to find an area of the body that is flat for this 
distance (2 em.). Also, too many nerve endings may be stimulated if the 
points are separated too widely this may cause summation of impulses. How- 
ever, readings are approximately the same with either measurement. 

A relatively flat, nonfleshy portion of the body is chosen for this test To 
insure uniformity in the survey, we have used the proximal phalanx of the 
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thumb held horizontally with tlie distal phalanx bent at right angles to it. The 
sensoineter is ro.sted on the iilialanx, and the miinber tliat it registers o£ its own 
weight Is kept in mind. Then the instrument is pressed into tlic .skin until tlie 
pain becomes unbearable, and the number eorresponding to tin’s .seiLsation is 
read. As one jiresses the two tixed points harder into tlie skin, the central 
point moves an equal distance, and this is measured on the dial. The differ- 
ence between the figure read before and after jiressure on the .skin is taken as 
the patient’s pain sensitivity. This instrument Is standardized the .same way 
all over the world. It can be tested before using by putting it on a perfectly 
flat surface; the watch hand will then read zero. In many months of constant 
use there has been no need for repair of tlie instrument. 
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FINDINGS 

A total of 178 patients and colleagues were tested repeatedly with the 
sensoineter according to the method described. Each patient was also tested 
by the Libnian method for comparison. The distribution of the results is 
indicated in Fig. 2. Hj'persensitive patients represent about 22 per cent of the 
total tested, which agrees with the Libinan figure of 30 per cent. Except for 
several minor variations, the Libinan test agrees rather well with this study. 
The majoritj^ of the eases that were Libinan positive (hypersensitive), ran from 
0 to 3.5 units on the sensoineter. The Libinan negative eases (hyposensitive), 
with few exceptions, were over 3.5 units on the sensoineter. It is in deter- 
mining the degree of hypersensitivity or liyposensitivity that we feel that this 
method is superior to the Libinan test. 

There were 18 patients who deserve separate mention. Eight were positive 
to the Libman test on one side and negative on the other. Three of these, in 
spite of being hyposensitive, had had otitis media in their youth, which may 
account for a tender styloid process. Ten were unusual in one respect, al- 
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though the agreement between the sensometer readings and the Libman test 
matched closely. These were neurasthenic individuals, where one would 
expect a low score and highly positive Libman test, but where the leveise 
was true. These patients were Libman negative and had a high sensometer 
rating, but in each the feeling of pain induced l)y tlie stimulus lasted from 
twenty to thirty minutes to several days. Other neurastlienic individuals had 
low sensometer readings and highly positive Libman tests, but here also the 
sensation was prolonged. Normally, the feeling of pain caused by the pressure 
stimulus in either test lasted at most only two to three minutes. 

One might postulate a theory from these facts as to the exaggeration of 
sjTnptoms in certain neurasthenic individuals. There must be constant rein- 
forcement of the stimulus in a neurasthenic individual, perhaps something in 
the nature of recurring afterimages. This may be caused bj*^ lack of certain 
substances in the body. Wilder^ has recently restated a well-known fact that 
pellagrins cannot stand much pain ; they feel this pain, however slight, for a 
long time, its disappearance coming only after adecpiate nicotinic acid therapy. 
This suggestive lead is given for research in the pain sensation of some 
neurasthenic individuals. 

Eight patients were hypothyroid individuals. The basal metabolic rates 
ranged from minus 25 per cent to minus 9 per cent. The sensometer readings 
were high, some of the highest being in this class. The Libman test agreed 
very accurately with these readings. Whether these readings were actually 
high, or whether they were due to a slower perception and slower reaction 
time, merits separate investigation. 


SU1I1I.\KY 

1. A method of estimating the individual’s susceptibility to pain is de- 
scribed. 

2. This method is compared to the Libman test and a faii-ly close correla- 
tion is reached. 

3. Pain sensitiveness in neurasthenic and hypothyroid patients is briefly 
analyzed. 
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A TUBE FOR THE CENTRIFUGATION OF SIXTEEN SPECIilENS 
IN A FOUR-PLACE CENTRIFUGE® 


I'KKUKIJIC E. IEoLMKS, il.B., ClKCINX.VTI, OlIIO 

t e io-callcd d.mral eMilnt„„e" is a,lc,,„at>, Idi- all ordinan- pmnoscs, 
but t may beco.ue tho ■‘Lottla „eak" i„ lab, ,v paocaluro iu 
imstauces prolonging the day’s woi-k fai- beyond tho time rccjuired bv tlie 

in an ovnbmrn o " levels in the ]dasma of ehildren 

this diZm"” ' -Mmlaatt,! 


n 



u 

Fig. l.-A 10 mm. centrifuge tube (left) .-.ml the urrai,Be,m...t of 

centrifuge cup (right") ‘ ^ ™ 

The International clinical centrifuge accomniorluioB •. i- i i 

having two 15 ml. and two 50 ml. brass cuj)s wliich n-,, *i ^oui-plaee head 
if the machine is not already equipped with it Ono\o separately 

can be placed iu each 15 ml.'cui )ud scv)^0 mS luZh;'' '“‘jf 
Thus sixteen specimens may bo ccntcifuged at one time (It Pat ,mhb ‘ ' °'T' 
are not at hand for the bottoms of the 50 ml. eups they can Im n! 
a section fi-om the middle ot a No. 6 rnbbor steppe, c) ’’ ' 

Althoush the 10 mm. centrituge tube was designed to.- use witl. the clinical 
centrifuge having a four-place head, it offers several advnntn..o= i mimical 
Avith the larger centrifuge and the eight-place head. Pour‘teen "tubrs eontTif 
mg spe cimens can be balanced in one operation instead of in seven. The depth 

•From the Children’s Ho.spitai Research FoundaUon and the 
College of Medicine, University of Cincinnati, Cincinnati. Department of Pediatrics. 
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of the supernatant fluid makes it easier to draw off plasma without disturbing 
the cells. Exposure of the specimen to air is loss, whether stoppered oi 
imstoppered. The tube accommodates 4 ml., which is sufficient volume of 
specimen for many determinations for which blood is taken. It is sufficiently 
cheap and durable to be used for collection of the specimen, and the volume 
of specimen is easily estimated (approximately 1 ml. per inch). 

The tubing selected for these centrifuge tubes must be between 9.5 and 
10.0 mm., preferably between S.6 and 9.8 mm. in outside diameter. ‘ The larger 
limit is the maximum which will permit the tubes to be easily placed in the 50 
ml. cups, and the smaller limit insures I’oom enough for inserting the tip of a 
transfer pipette or a 1 ml. graduated pipette. One end is sealed off as shown, 
and the tube is cut to a length of 110 mm. and fire-polished. (120 mm. is per- 
missible for use with the larger centrifuge heads. ) The end should be smoothly 
rounded and thick for mechanical strength. Tapered ends similar to those 
of the ordinary 15 ml. centrifuge tube were tried, but this offered no advantage 
and was even detrimental in operations in which the precipitate was to be 
resuspended, such as the washing of cells. 


THE LAKIN6 OP GLYCERINATED RED BLOOD CELLS BY 
PHYSIOLOGIC SALT SOLUTION'-" 


Harold H. Mitchell, B.S., M.S., St, Louis, Mo. 


PERFORMING the Wassermann reaction with high titer amboceptor serum, 
containing 50 per cent glycerin as a preseiwative, presents no complica- 
tions. However, with an amboceptor serum of low titer we encountered a 
complication which was due to the contained glycerin. After the red blood 
corpuscles had remained in contact with the relativeb'^ large amount of ambo- 
ceptor serum (necessitated liy its low titer) for an hour or longer, they were 
subject to immediate lysis wffien added to 0.85 per cent salt solution. 

Inquiry revealed that this phenomenon was due to the slow diffusion of 
glycerin into the red blood corpuscles. The osmotic pressure developed upon 
introduction into the glycerol-free normal salt solution caused sudden lysis of 
cells. This degree of osmotic change occurs if the amount of amboceptor 
necessaiy to sensitize a given volume of cells results in addition of such an 
amount of glycerin that its final concentration in the cell suspensions reaches 2 
per cent or more. 

The glycerinated cells could be brought back to normal stability by wash- 
ing in lypertonic salt solution or by addition of normal salt solution very 
slowly in divided amounts. 

It is suggested that low titer amboceptor be preserved by some means other 
than glycerin, or that cells subjected to a large amount of glycerin be suitably 
washed before use. ^ 


•From the Dep.irtnient of B.-jcterioIogy. IVashinston Ujiiversity School of Jfedicine, St, 
Rccclvci for inibllcatloii. Februarj' 20, 1941. 



A RAPID .'\rETnoI) OF DKHVDRATrXC! AND CLEARING 
IRON-IIEMATOXVLIN STAINED FECAL SMEARS® 


B. M’. Shkimdax, M^v.sinxG'j'o\, D. C. 


T he iji-opariition of wot-fixed stainod smears tor tJio identification of 
intestinal protozoa is a time-eonsnmini; procedure and is, therefore, con- 
sidered l).v many impractieai for clinical laboratories. Any modification which 
shortens the methods used should he of practical interest. 

I have found that a ])reparafion called cellosolve (ethylene ylycol nionoethyl 
ether) can he used for dehydration and clcarintr instead of alcohol and xylol, 
and thereby a considerable amount of time can be saved. Instead of the eight 
changes usually used for tiie dehydration and clearing with alcohol and xylol, 
only a single immersion of fen inimifes in (*elInsolve is required. 

The use of cellosolve also has the advantage of being less expensive. A 
dehydration-clearing sef-ni) of alcohol and xylol (eight disluvs) casts about 
.‘iil.30, while the cost of a dish of cellosolve for the same purpase is le.ss than 20 
cents. Purthermoro, the cellosolve can be used longer and for a greater mnnhor 
of smears before losing its efficacy. 

By using a short nu'thod of staining, ais suggested l>y Johnson,' the whole 
procedure of fixing, staining, dehydration, and clearing can be accomplished in 
about an hour. 

The timing of the various .steps in the method now used at the United 
States Naval iMedical .School is as follows: 

Fix in Sehaudinn’s solution (glacial acetic acid to 
strength of 5 per cent added) 

Alcohol, 95 per cent, with iodine to a port wine color 
Alcohol, 70 per cent 
Rinse in tap water. 

Ferric ammonium sulfate, 4 per cent 
Rinse in tap water. 

Hematoxylin, aqueous .solution, 0.5 per cent 
Ferric ammonium sulfate, 0.25 per cent 
"Wash in running water 
Cellosolve 
Mount in balsam. 

The foregoing inct])od lias now been used for a year and lias been found 
eatii'ely satisfactory in the routine work of identifying the intestinal protozoa. 
As far as can be determined at this time tlie stains are ns permanent as tiiose 
dehydrated and cleared in alcohol and xylol. 


5 minutes. 
3 minutes, 

3 minutes. 

15 minutes. 

10 minutes. 
12 miuutcs.t 
1 mimile. 

10 minutes. 


KEFEBENCE 

1 Johnson, Carl M.: A Hapid Technique for Iron-IIematox.vliu Staining Bequiring No 
Microscopic Control for Decolorization, Am. J. Trop. Med. 13: 551, 1935. 

^rom the United States Naval Medical School, tVasliingrton. D. C. 

Received for publication, February 2«, lOfl. 

tVaries somewhat with each batch of hematoxylin The tinie may be determined by 
takins slides tlirough at periods of eleven, twelve, and tliirteen minutes, .and noting the best 
result. 
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AN niPROVED JIETHOD FOR THE ESTIilATION OP QUANTITATIVE 
,\ND QUALITATIVE PLATELET FACTORS® 


Hevworth N. Saxford, II.D., axo Eeeaxok I. Li-Seje, M.D. 

Chicago, III. 


TN 1936 we described a method for the quantitative and qualitative estima- 
i tions of platelets in their own plasinaA During the past five years we have 
shortened and simplified this method until we now believe that it may be easily 
and simply done in any laboratory. 


3IETHOD 

No anticoagulants arc used since such substance.s mask the extent to 
w'hich platelets may be broken down in the original blood sample and so inter- 
fere noth the correct judgment of results. This test requires 1 e.c. of blood, 
withdrawn from a vein into an iced, oiled syringe, and introduced into a par- 
affined tube imbedded in ice. We have found that the graduated 1 e.c. tubes 
used for sedimentation time are excellent for this purpose. These tubes are 
paraffined with a mixture of two-thirds paraffin and one-third mineral od. 
The tubes are then packed in ice in a large centrifuge cup and centrifuged for 
one and one-half minutes at 5,000 r.p.m.. 

After one and one-half minutes centrifuging the platelet count is made 
as follow's: A few gi’ains of heparin are placed on a watch crystal which has 
been thoroughly chilled, and resting in ice. A sample from the center of the 
centrifuged plasma is drawn up into a eapillaiy tube, and several drops are 
mixed with the heparin. Following thorough mixing, a drop of this mixture 
is placed in a chilled counting chamber, covered with a chilled cover glass, 
and placed in a refrigerator or under ice for fifteen minutes to allow' for settling. 
The platelets in 80 small squares are then counted, and the re.sults are multiplied 
by 50 to obtain the number of platelets In a cubic millimeter (the platelets 
in the 80 small squares represent c.mm.). The platelet counts obtained h 3 ' 
the method de.seribed must lie considered as plasma platelet counts and should 
be further corrected for whole blood. This is obtained h.v the hematocrit read- 
ing obtained later. The plasma platelet count multiplied h.v the plasma per- 
centage gives the platelet count for the whole blood. 

At the same time that the plasma is placed on the watch gla.ss for the 
platelet count, the remainder of the pla.sina left in the eapillaiy tube is used 
to estimate the coagulation time of the pla.sma. This is done by hreakim-- off 
pieces of the tube, as in the method of Rudolph, until a thread of plasma has 
formed . This represents the coagulation time of the platelet containing plasma, 

pital. ‘ciacasil'® Pc-Jiatric-, AlcJical College, ana the Presbyterian Hos- 

searof G"rinh°'' Elizabeth McCormick Child Re- 

Recelved for publication. March 3 . 1011. 
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ami is designated plasma A. As soon as the (•aj)illary tube of jdasnia is with- 
drawn from the original parafiined tube eontaining the blood sample, the latter 
is again placed in ice and centrifuged for fifteen minutes. At the end of this 
time another sample of the centrifuged plasma, which is now platelet free, is 
taken into a capillary pipette and the coagulation time is obtained as before. 
This plasma is designated plasma B. Tlie hematocrit reading may now be made 
for calculation of the total platelets in the blood .sample. 


iSTHOD ?0R ^UA!;ii:A'r:V2 A!:D ai’ALITATIVS 


SSTIiUTIQU or PUT-:LiT5 


Withdraw 
1 c.c. of 
blood In 
an oiled 
Chilled 
cyrlnce. 


Plnee In 
a I c«9. 
chilled 
parnff Ined 
tube. 


Ccntrlfut^e 
li aln. 

In ice. 


^ lllx drop of eerua 
with heparin In chilled 
watch glnse, and :iabe . 
jjlatclet count In 

^ounClnji chaater 


TT 


Take conk^ulntlon tlxe 
of norral seruia In 
capillary tube at rooa 
terp^'rature 


•) 


Centrifuge resAlnder of 
blood IS aln. In Ice. 


Head 

hosKito- 

crlc* 

Tate 

cofl{jula- 
tlon 
rise of 
platelet.* 
free 

Beru3 in 
capillary 
tube at 
rooa 
tesper- 
ature . 


Fis. 1. 


The principal changes from our original method reported in 1936 arc the 
elimination of all timo-eonsuming procc.s.scs dealing rvitli plasma fractions which 
we do not believe are clinically necessary. Also in sliortening the centrifuging 
of the plasma for fifteen minutes instead of one and one-half hours as formerly 
used, we have reduced the time so that (he entire estimations may be done in 
twenty minutes. It must be understood tluit values for plasma B depend on 
the length of time taken in centrifuging. The longer the plasma is centrifuged, 
the more platelets will he tin-own dom?, and conversely, the longer will be 
the coagulation time of this plasma. Fifteen minutes was taken as the time 
for this centrifuging becau.se it is the shortest time in which all microscopically 
visible platelets can be centrifuged from the plasma. It would be AveU before 
undertaking this lest for each worker to test his individual centrifuge by observ- 
ing if there were any platelets in the plasma after fifteen minutes of centri- 
fuging. 

AVith this procedure AVe have for consideration a plasma platelet count, the 
coagulation time of natural plasma Avitli its full niunber of platelets, and the 
coagulation time of platelet-free plasma. It must be emphasized that if any 
difficulty is encountered in obtaining the blood so that there is tlie slightest addi- 
tion of tissue fluid or cerebrospinal fluid, the results are unreliable. This can 
be immediately detected by the platelet count. It will be lower than anticipated, 
and the platelets will show clumping and A'ariation in size. Any platelet count 
of less than 100,000 sliould be vieAved with suspicion and repeated. If the 
procedure is carried out under these conditions, one of tAVO things will occur. 
First all the coagulation times Avill be abnormally short, or plasma B may 
even 'coagulate in the centrifuge tube. This should be suspected if plasma A 
coan-ulates in less than four minutes. Secondly, in the opposite extreme all 
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coagulation times may be abnormally long, and plasjna B jnay never coag- 
ulate because coagulation has occurred and the supernatant fluid is seruin 
rather than plasma. Thi.s is noted especially if cerebrospinal fluid is ailo\yed 
to get into the sample. This difficulty would probably not occur in obtaining 
blood from adults, but in pediatric work in newborn and small infants blood 
is frequently withdrawn from the longitudinal sinus, where cerebrospinal fluid 
is very easily drawn in witli Ibe blood. It is very important, therefoie, to 
know if there have been .such additions to the blood. This method of checking is 
far from perfect, but when anticoagulants are used, no check at all is possible. 


BESULTS 

Normal adults show a plasma platelet count varying between 100,000 and 
400,000 per c.mm. The coagulation time for the normal plasma (plasma A) is 
between four and eight minutes, and for platelet -free plasma (plasma B) 
Ijetween six and ten minutes. 

The first deviation from these standards is shown in indixiduals with 
hemorrhagic symptoms, but with a normal or higher platelet count. We have 
found this in the following conditions: 

1. Hemophilia. This condition will show values for plasma A and plasma 
B of from ten to twenty times tiic normal value. Following transfusion, plasma 
A will drop to long normal values, but plasma B will still remain long, even 
during periods that are hemorrhage free. In one instance in a child, aged 1 
year, in which the maternal uncle has hemophilia, the platelets were 360,000 
with a coagulation time of twenty-four minutes for plasma A and twenty-seven 
minutes for plasma B. This boy has had some petechial hemorrhages and large 
eeehymotie areas after small bruises, but no gross hemorrhages have occurred. 
We feel that the diagnosis of hemophilia is justified in this instance. 

2. Pathologj' of the liver and gall bladder, or bleeding with jaundice. 
This can be divided into two groups: 

a. In which a deficiency of pi'othrombin also occurs. In these instances 
both plasma A and plasma B will he .somewhat pi’olonged in proportion to the 
level of prothrombin. Our ratio has been as follows; 


Prothrombin 30 per cent, pla.sma A 10, pla.sma B 11 

Prothrombin 40 per cent, plasma A 9, plasma B 11 

Prothrombin 50 per cent, plasma A 8, plasma B 10 

Prothrombin 60 per cent, plasma A 6, plasma B 7 

Prothrombin 70 per cent, plasma A 6, plasma B 6 


b. In which the prothrombin is of normal value. In several instances 
we have found an increase in both plasma A and plasma B values with relatively 
normal prothrombin. For example, in a carcinoma of the gall bladder region, 
the coagulation time for pla.sma A was twelve minutes, and that for plasma B 
was fourteen minutes; the prothrombin value was 75 per cent. 


3. A very .small group, which except in one instance was characterized bv 
nUcstinal bleeding, is tliat in which the platelets are normal or even Iri-her 
than normal with slightly increased valne.s for pla.sma A hut considerable^ in 
crease tor plasma B. The prothrombin was normal in ail instances With the 
one exception ot an endocarditis with petechial hemorrhages, the romainiim 
lour III this group had intastinal bleeding. Three were considered to Imre 
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uleevative colitis. 'I'lic fourth wa.s a hoy wiioiii wc have followed for .several 
years, who.se ea.se has been diagnosed a.s Ileiioeh's purpura. In one instaneo 
when he was seen inunediately after a very severe hleediu" from the bowel, his 
blood showed d25,()00 platelets, hi.s plasma A had a coagulation time of nine 
minutes, and his plasma B ei;j:h(een minutes. Binee all tiicse patients had normal 
platelet counts, the delayed eoai'ulalion time would .seem neee.s.sarily due to an 
increased platelet resistance. 

The second amt by far the larjicr trroiip deviating from normal is that in 
which the platelets are le.s.s than normal. ^Ve con.sider this to be the ease 
when the i)latelets are less than 1(10.000 by this method. 

1. This etroup includes tho.se with anemias, leucemias, and infections that 
affect the blood stream. The.se are all characteri/.cd by a thromboeytopciiia, 
proportional increase of coai'ulation time in both plasmas A and B, and a low 
hematocrit. We felt tliat one should never make a diairnosis of primary 
thrombocytopenia with a low hematocrit. It is almost certain to he of a .second- 
ary type. Bxami>les of these are apla.stic anemia: Platelets 24,000; plasma A 
coagvdation time nine minutes; plasma B. fifteen minvites; hematocrit 10 per 
cent; mai'ked hemorrhaeie. Leucenua; Platelets 124,000, plasma A coagulation 
time seven minutes: plasma B. eight minutes; hematocrit 40 per cent; no bleed- 
ing. Same child when platelet.s were 2:5,000: i)la.sma A coagulation time eight 
minutes; plasma B thirteen minutes; hematocrit 25 per cent; marked hemor- 
rhages. Infected mastoid (streptococcus) : jilatelets 40,000. plasma A coagula- 
tion time eight minutes; plasma B, fifteen minutes; hematocrit 20 per cent; 
eechymosis and petechia. After transfusion the platelets were 180,000, phusma 
A coagulation time was five minutes, plasma B was stwen minutes, and hemato- 
crit was 40 per cent. 

The findings in these eases of thrombocytopenia suggest that in this group 
we are dealing with platelets which, though reduced in number, are fairly 
normal in character. They undergo relativel.v little disintegration during the 
process of centrifuging them out of the i>lasma. and the coagulation time of 
plasma A is prolonged in most cases, proportionally to the reduction in total 
platelet count. 

2. Thrombocytopenia, with increased coagulation time of plasmas A and B, 
but with these practically cfpud in lime. The majority of these individuals 
have had petechiae and hemorrhages in different parts of the body over a 
long period of time. A ten-year-old girl had petechial lieinorrhages, and 
bleeding from the mucous memln-anes for live years: platelets 5,000; plasma A 
coagulation time eighteen minutes; plasma B, eighteen minutes. A 13-year-old 
boy had similar symptoms and bleeding over a period of three years, with 
several tramsfusions : platelets 4,000; plasma A coagulation time, twenty minutes; 
plasma B, twenty-two minutes. Following transfusions with increases in the 
platelet count, plasma A will shorten to almost normal, while plasma B will 
remain at double the normal coagulation time. 

In this group we are dealing with longer standing hemorrhagic disturb- 
ances, resembling the syndrome described by Werlhof. Here the platelets do 
not show a normal resistance but are broken dowm during centrifugation, yield- 
in«' a platelet-free plasma which coagulates as rapidly as the normal plasma 
(plasma A). 
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3. Thrombocytopeuia, with louf^ aovinal coagulation tiiuc, and only occa- 
sional hemorrhagic symptoms. Poisons of tliis group have occasional ])ctecliiae 
and small areas of ecchymosis, with some very slight bleeding of tlie mucous 
membrances. Their platelets vary from 5,000 to :)0,000; their plasma A 
coagulation time is from four to ten minutes, and their plasma B, from nine 
to eleven minutes. Their hematocrit, prothromliin, and vitamin C blood content 
are all normal. We have called such instances "congenital thrombocytopenia, 
and de.seribed a family in such a state in 1936.= Bince that time we have found 
twelve more such patients, but have been unable to trace any familj' connection 
as in the first family. It will be noted that Avhile their normal plasma coagulates 
normally, their platelet-free plasma is a little longer than normal. This would 
indicate that their platelets are very active and that coagulation time is delayed 
only because of a failure in gro.ss number. Buch individuals do not have fatal 
hemorrhages because their platelets disintegrate more rapidly than do normal 
platelets. However, some factors might occur that would reduce or lessen this 
ability to disintegrate and cause a profuse hemorrhage. As long as no excep- 
tional stress or strain is put on persons with tins condition, they are able 
to have normal blood-clotting functions, but in the presence of an acute infec- 
tion or debilitating condition, the increased power of disintegration of the 
platelets is lost and a profuse hemorrhage may occur. 

One of the most interesting findings to us in this study is the fact that the 
gro.ss quantity of the platelets in the blood does not seem to make a proportional 
difference in the coagulation ability of the blood or plasma. Platelet counts 
of 100,000 to 400,000 will all show approximately the same coagulation values. 
Even if the platelet value is reduced below 100,000 there is not a great deal of 
change until the number is decreased below 30,000. We have found individuals 
with platelet counts of 5,000 and only slightly increased coagulation values. 
On the other exti’eme we have hemophilias ufith platelet values of 500,000, 
with practically no blood coagulation at all. We have come to pay very little 
attention to the gross quantitative platelet value, ])ut use it simply as a check 
on our technique. As .stated before, the admission of even the smallest quantity 
of tissue fluid or cerebrospinal fluid to the blood will decrease the platelet 
number and give faulty coagulation values. A platelet value of less than 100,000 
should be thoroughly reebecked. We believe, therefore, that the most important 
fnnetion of the platelet.s is not their number or quantity, ljut tlieir activity 
or disintegration ability. This can be demonstrated bj" the coagulation of the 
plasma fractions as described. 

SUMMARY 

A clinical method for the estimation of platelets quantitatively and qualita- 
tively in their own plasma, without the use of anticoagulants, is de.scribed. 


REFEUEXCES 


1. Li'.slu- EK-iuior 1.. anrl Sanfonl, Hoynorth X.: A Method of Quaiititativo and Oi.-.m-, 
t.ve B^tnnatiou of Platelets in Their 0«n Plasma, .J. L.m. 21: ^ 


m.Ki. 

Sanford, Heyworth X., Leslie, Eleanor I., and Crane, Mariiin M • 
eytopenia, .Vm. .!. Uis. Child. 51: 114, l.OaO. 


Congenital Thrombo- 


OoC Xoina Mifttm.i.x Avkxie, Ciiic.voo, Ii,i 
Ciinu-ii Stkekt, Ev.\xsto.n-. III. 



CHEMICAL 


im*:pt()xi': in photkix iivduoIvVsaths ani> 

AMINO AOin MlXTnUsS® 


K. S. Kk-mmickku. Pn.l)„ and (!. P. Ukil, B.S. 

KvaX.SVIIJ.K, 1X1). 


IXTKODl’iniOX 

H ydrolytic renj^i'nls split prolOn mnU'riiUs into inolemihir units of 
various size. Sucli (Ici'i'ailation jiroduft.s liavc Iiol'ii elassi/led, .supjio.srcll.v 
ill tlie order of their nioleeular weiirht, as protein, inetaprotein, proteo.se, pep- 
tone, subpeptone, and amino aeids. Cla.s.siiicalion is based in jiart on .soluliilit.v 
behavior and reactions wliieli certain bydrol.vsates displa.v toward reaj,a'nt.s. 

The peptone fraetion of liydrolysatc.s has l)een the .subject of nuieh di.seu.s- 
sion. Products desi^rnated as “peptone” are widely used as a inediuin for 
bacterial growth, in jejunal feeding, and in some su})])oscdly therapeutic diet.s. 
But even completely hydrolyzed proteins have been decried for parenteral use 
beeau.se of po.ssiblo “peptone” .shock. However, the factor responsible for the 
production of shock has never been fully established. Two classes of materials 
have been incriminated: iieptone itself, and by-iiroduets resulting from the 
hydrolysis. It has been the common ob.servation that "Witte’s pej)tone produces 
shock* or some phase of the shock phenomenon.-’ ^ Thus irenriques and Ander- 
sen^ observed no shock from the iiarenteral injection of enzymatically hydro- 
Ij-zed meat protein, yet the injection of Witte’s peptone resulted in the death 
of his animals. Likewise, IMilles and Seed** gave rei>eated injections of .Difeo’s 
baeto-peptone to dogs and were unable to detect any to.xie effects. It i.s thus 
evident that some peptones produce shock and others do not. It is c|uite po-ssihle 
that the method used to prepare peptone products is largely responsible for 
their shock-producing quality, and tliat “pejitone"’ itself need not necessarily 
be involved. 

It is difficult for the chemist to define what is meant by peptone. The 
term is a vague one, and though it has been commonly used for years, it does 
not seem to elenote a chemical entity. The several proposals which have been 
made for its quantitative estimation involve its precipitation from aqueous 
solution. The earlier procedures utilized phosphotungstie acid as the precip- 
itant, but these methods ar-e now recognized as unreliable due to the partial 
precipitation of certain basic amino acids Avhich are usually present in the solu- 
tion. The use of bromine® as a precipitant for peptone was discarded at an 
earlj’- date when it Avas demonstrated tliat such treatment resulted in the loss 
of nitrogen. Gubareff and SergejcAva’ utilized the biuret reaction for estimating 
peptone after the solution had been heated to coagulate unhydrolyzed protein. 

^I'om the laboratories of Jlead Johnson & Co., Evansville. Iml. 

Received for publication, April 9, 1911. 
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Such a procedure is unsatisfactory, since it will inchule all substances not 
coagulated by heat that giro a positive biuret reaction. Sehjcrning'* outlined 
a px’occdurc uliliv.ing tannic acid a.s the precipitant for the peptone fiaction. 
Bigelow and Cook" improved his early technitpic and claimed that if a eorrectiou 
for cveatiuiue (precipitated by tannic acid) was made, good results could be 
obtained. They found that a low temperature and a definite concentration of 
tannic acid and salt were nece.s.sary tor inaximxun precipitation of peptone nitro- 
gen. After a careful study of tlie factors aft'eeling the precipitation of peptone 
by tannic acid, Wa.stencys and Borsoold* outlined a method for its estimation in 
enzymic digests of protein under carefully controlled conditions. This is the 
only available and dependable method for the determination of peptone, and 
in the experiments below we have followed their outlined procedure. 


EXPEKnnxxTAn 

An acid and an eiJzymic digest of ca.sein, a mixture of cry.stalline amino 
acids, and Difeo’s haeto-peptone were studied for their peptone content.’® The 
enzymic digest was prepared in a manner previovrsly described.” The acid 
digest was prepared by boiling ca.sein in 25 per cent sulfuric acid and then 
carefully neutralizing the .sulfuric acid with barium hydroxide. The filtrate 
was decolorized and dried to a fine powder in an atmosplieric spray dryer. 
The mixture of crystalline amino acids contained twent}" of the twenty-three 
usually accepted amino acids in the amounts used ixy Shohl and Blackfan.’- 
Hydroxyglutamic acid, thyroxine, and diiodotyrosin were omitted. Difeo’s 
hactopeptone, as purchased, Avas the fourth substance. 

None of the four substances contained protein or proteose, since they gave 
no precipitate with trichloracetic acid or when the solution Avas saturated Avith 
sodium sulfate. The solution Avas prepared for the peptone determinations by 
dissolving 10.0 Gm. of the dry powder in 100 c.c. of 22 per cent sodium suifate 
soiution, adjusting the pH to 7.0 by the addition of a fcAv drops of 60 per cent 
sodium hydroxide, and diluting to a volume of 200 c.c. Avith the sodium sulfate 
solution. To 25 c.e. alicpiots Avere added an equal Amlnme of 2.21 N sodium 
hydroxide and 125 e.c. of 20 per cent tannic acid di.ssolved in 0.1 N sulfuric 
acid containing 20 per cent sodium sulfate. The mixture Avas thoroughly .sJxaken 
and kept at 20° C. for four hours. The solution was then filtered and nitrogen 
determinations were made on the filtrate. All determinations Avere run in 
triplicate by the Kjeldahl-Gunning method, and suitable correction made for 
tile nitrogen content of the reagents. The difference hetAveen the initial nitrogen 
content of the original solution and the nitrogen content of the filtrate is e.x- 
pre.ssed as the percentage of peptone nitrogen precipitated. 

The results olitained are given in Table I. The apparent peptone content 
of tlie enzymic Jiydroly.sate Avas 26.9 per cent, .since this amount of the total 
nitrogen Avas jireeipitated by the tannic acid. The acid hydi'olv.sate gave a 
figure closely approximating this, i.e., 22.73 per cent. Host surprisingly, the 
mixture of crystalline amino acids showed an apparent peptone con'tent of 
21.3G per cent. These average findings are all so closely similar that thev rai.se 
tile (luestion as to whether all tliree iircparalions contain the same amount of 
peptone, or whether tliere is any ptqjtone pre.sent at all. 
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it is evident that there is no i)ei)tone in a mixture of pure erystalline amino 
acids. Also, it is generally l)elieved tliat prolonj'ed l)()ilinj; with stron!,' acid 
reduces complex nitroi^enous molecules almost entirely to tlie .state of amino 
acids. At most, .some dipcjitide linkages may he i)re.sent. We are, therefore, 
left with the finding that a mixture known to consist solely of amino acids, and 
a second mixture known to consist predominantly of such E'l’oup.s, hut witli 
possibly some dipeptide linkages, have cs.senlially the .same apparent peptone 
content of 21 to 23 per cent. The conclusion is obviously untenable. The 
observed differences, if they mean anythin*' at all, do not rei)re.sent anytliini,' in 
regard to peptone, and at most may repre.sent differences in the amino acid 
content of the different substances employed. 

Taui.k I 
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22.1 
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Average 

— 
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74.21 


DISCUS.SION 

The report demonstrates the difficulty of arriving at any conclusion on the 
peptone content of the various materials. A mixture of erystalline amino acids, 
an acid hydrolysate of casein, and an enzymic digest of casein have been shown 
to have an apparent peptone content of 21, 23, and 27 per cent, respectively. 
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The dift’erenees in the apparent peptone content of the thi-ee ^^•idel.v different 
substances were not large and can be accounted for solely on the basis of the 
variability of the method itself. It thas seeims impas.sible to determine what 
meaning may he attached to the finding that 7T j)er cent of the nitrogen of a 
preparation repoi’tedly containing peptone i.s precipitated by tannic acid. 

On the other hand, the precipitation of 74 per cent of the nitrogen of 
bacto-peptone indicates something. This lax'ger amount of precipitated nitrogen 
cannot logically be explained on a basis of differing amino acid compo.sition. It 
probably I’epresents, in part, the presence of some larger molecular units. It 
seems quite possible, however, that it may not all be representative of such larger 
units. Nor would it seem advisable to use the figure 21.4 obtained for the mix- 
ture of ery.stalline amino acids as kind of blank for other approximations of 
peptone, since it can be interpreted from our findings that the amount of nitro- 
gen precipitated by tannic acid depends to some extent on the percentage com- 
position of the pai'ticular amino acid mixture used. The mixture of Shohl and 
Blaekfan’- may or may not approximately represent the composition of the 
digests, even though their mixture was designed to simulate the composition 
of casein. The acid digest wliieh we employed contained no trj-ptophan, and 
certain portions of other amino acids may have been lost by adsorption on the 
precipitated bai’ium sulfate. The enzymic digest, although probably contain- 
ing most of the casein nitrogen, contained in addition a certain amount of 
nitrogen from the panerea.s. We are thus left in doubt as to the significance 
of the concept of peptone. 

.SUMMARY 

Precipitation with tannic acid is the only currently employed method for 
the estimation of peptone. The procedure I'esults in the precipitation, of 21 per 
cent of the nitrogen of a mixture of crystalline amino acids, 23 per cent of the 
nitrogen of an acid hr'drolyzed protein, 27 per cent of the nitrogen of an enzjTuie 
digest of protein, and 74 per cent of the nitrogen of bacto-peptone. The 
method cannot be regarded as at all definitive for peptone. 
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.ST:\IPLII-’1HI) ('AUTLATIOX and NoMOiIHAAI ok TIIH VAX SfA'KK 

I’RHA (’I.KARAXCK THST« 


•J. K. lIcivSTKICMAX AND H. Tll.MOfA 
Di tch Oitana, S. A. 


D l'RIXCt tlie last ilccatics tlicre has been an iiicrcasiiiii intwest in the fimc- 
tional eapacities of disoaseil orjjans. This has .iriveii rise to various liiiie- 
tional tests. One of the most imp(»rtant of tliese has been tlie \'an Slyke uvea 
clearance test for retial function. TJiis test has almost ‘lenerally heen accepted 
as most, reliabh' ami has become a routine test in many hosi)itals. Van Slyke s 
formula is: 


where U = urea content of urine, B = .same of blood. (' = urine outi)Ut in one 
minute. C is ealeiilatcd by dividinjv the output for one hour, If, by GO. The 
result is o.xpre.ssed in per cents of 54, this being the average value in healthy 
people. The actual ealeulatiou, therefore, is: 

U /JT . 100 
By GO ^ 54 • 


To reduce the daily lo.ss of time in calculating tliis formula wc used the trans- 
position : 


H /IL 

B V GO 


100 


V H 
B 


U — 100 

^ V IT X 


54 V GO 


X 0.2391 U = y~ X 


H X 0.2391 

0.24 U. 


Substituting 0.24 for 0.2391 gives an error of only 0.4 per cent, negligible in 
routine work. This can be read on a slide rule in a few seconds. However, 
since medical men in general are not acquainted with the use of a slide rule, we 
have drawn up a nomogram by transposing the formula to read thus : 

X 0.2391 V~B. 


To read the nomogram the figure representing the urea content of the urine 
and the figure representing the blood urea are connected by a straight line. (A 

♦From the Paramaribo Medical School, Dutch Guiana. 
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black tbread is most suitable.) The point of intersection of tliis line and the U/B 
line is connected with the figure representing the urine output in one hour. The 
point of intersection of this second line and the scale gives the product of the 
formula in per cent. 
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A scale for the maximum clearance has been worked out on the same prin- 
ciple. For instance : 

U = 20,000, B = 1,000, urine per hour TO c.c. 

A line from 20,000 to 1,000 crosses U/B at 20. Connect 20 with 70 (cubic 
centimeters per hour). This line intersects the standard clearance scale at 40; 
that is, the standard clearance is 40 per cent, ' 

In our medical ward the nomogram has been in use for nearly a vear and 
lias proved to be efficient and very simple. 







A NOTE ON THE USE OF HENOAK SELHNIZED GRANULES IN THE 
DIGESTION PKOUEDl-RE FOR THE HICROGASOHETRIC 
DETEinilNATION OF NITROGEN® 

E00.U, ,1. lVr„, JI.IX, ,>.s„ B 

Bam-i.moui;, .Md. 
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SU.MMAKV 

A modified procedure is nresentofl ini. fi,,. 
microgasometrie determination of nitrogen. of the digest in the 
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Pile Use of Persulfate in tlirt v-f* 

O P Guniiing Modification of Kjeldahl >.s Metll^od j Binl“ Araold- 
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•From the Surgical Hunterian Laboratorv 

School of Medicine, Baltimore. •'■ ^^epaitment of Surgery, the Johns Hopkins 
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A MODIFICATION OF THE PUCHER-SHEKMAN-VICKERY METHOD 
FOR THE DETERMINATION OF CITRIC ACID*' 


Bertie Josephsok akd Ulla Forssberg 
Stockholm, Sweden* 


T he concentration of citric acid in blood or serum has been a subject of 
much interest since Sjbstroin* found that this concentration was increased 
in eases of injuries of the parenchyma of the liver. According to the experience 
of this laboratory, the test is one of the best laboratory methods for the differenti- 
ation of catarrhal jaundice (acute hepatitis) and icterus due to obstruction of 
the bile duets. The test does not seem to be so sensitive as the hippurie acid 
test, though it is perhaps more specific than the latter. 

Sjostrbm and several later investigators used Thunberg’s method. In this 
method the citric acid decolorizes the dye methylene blue by means of an enzyme, 
citric acid dehydrogenase, from cucumber seeds. The concentration is calculated 
from the time needed for a certain amount of the serum to decolorize a certain 
amount of the dye. The method is rather time-consuming, and the deeolorization 
times are not easy to establish with accuracy. 

The chemical citric acid method by Pucher, Sherman, and Vickery® (the 
penta-bromacetone method) thus represented a definite advantage. In this 
method the citric acid is turned to pentabromoacetone, giving a yellow-brown 
color with sodium sulfide proportional to the amount of acid. The method has 
been much used in Sweden and other Scandinavian laboratories, and has proved 
to be satisfactory. 

This method has, however, one drawback. The color developed is rather 
unstable and it fades in such short time that it can scarcely be used for 
colorimetry. For this reason, Pucher, Sherman, and Vickery mixed the final 
solution with pyridine to a concentration of about 40 per cent in order to 
stabilize the color. Using the method in routine clinical work, we have found 
that the pyridines from different factories give very different color strengths to 
the final solution of the same amount of acid. Even when the pyridine was dis- 
tilled at a low temperature, its stabilizing ability soon grew weaker, and the 
color strength decreased. Only one of the tested pyridines did not chan"e in 
this waj*. jMorcover, the extinction coefficient of the pyridine mixture was not 
always directly proportional to the citric acid content of the solution. Some- 
times a small amount of citric acid, 20 y or less, did not give a higher extinction 
than the blank. Finally, the extinction coefficients plotted against the citric 
acid amounts did not form a straight line, as can be seen from the values of the 

•From thu Mcdlco-Chtmicul Laboratory of the Medical Deoartment i-„- ,• , 

(The Carolinian Ilo.sintal). Stockholm. taepartment. Ivarolinska SJukhuset 

Kcicoivcd for publication, July 24 1041. 
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extim-tioii cod-fieieiif.s cliviiicl hy Uio aiiiDunt oC acid in Table 1. On the other 
haml. the color once tlcvdopci is very stable in j.v.-i.line solution (Table II). 
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AN AID IN THE DITHIZONE METHOD : A MECHANICAL 
SHAKER FOR SEPARATORY FUNNELS* 


Laurence R. Crisp and Stewart H. Webster, Ph.D. 
Bethesda, JId. 


O NHl of the most frequent operations in the determination of lead by the 
mixed-color dithizone method, as used in this laboratoiy,*’ ^ is the shaking 
of the separatory funnels for the purpose of extracting various components from 
one phase or the other of the mixture. Although each shaking period is only a 
minute in length, this operation is repeated at least four additional times during 
the course of each determination. Experience has shoum that in making thirty 
analyses during a day, more than three hours are consumed in shaking when 
this is done by hand. The tendency is to decrease either the speed or the inten- 
sity of shaking when the operator becomes tired. 



In order to expedite the analyses and to obtain uniformly vigorous shakin" 
a mechanical aid was devised (Fig. 1). This consists essentially of a maple 
radv to hold four 250 ml. Squibb type pyrex glass separatory funnels, this rack 
being given a reciprocating motion by means of an eccentric driven by ay, HP 
electric motor 1,725 r.p.m. The figure indicates the component parts’of the 
with the rack removed to show details of the driving mechanism The 
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Till-: ,/OaKXAI. OK I.AIIOKATOKV AND CIAXICAf, .MKDICIXK 


coniUH'liiiji- rod rninkpiii is ofi’sol v'li: incli from eoiitcT ot,‘ eccentric', iiiul the 
eenter-to-center len.cdii is 7i/i inches for tlie connect ini' rod ;ind d'js inches for 
the four rocker anus. The licavy section of cliannel iron is ludted to a large ho.K 
(18 by 28 by 20 indies high) tilled with .sand and mounted on No. U rubber 
stoppers to ab.sorb the vibration. 

The most difficult task is to hold the fuuneLs securely, since they vary not 
only in length but also in the outside diameter of neck and stem as well a.s in 
length of neck and sfoiiper. Of the .several arrangements fried, the one dc.scribed 
is tlie most satisfactory. Phosphor-bronze s|)ring stock wa.s bent to form clip-S as 
shown, so that after juishing the funnel down jiast the middle of the slot there 
is no tendency for the funnel to loo.sen up during shaking. The distance between 
the two .slotted boards is slightly greater than the longe.st funnel in use. The 
.sjiring holding the stoiiper in place has snllicient tension to prevent the stopper 
from coming out and allows for any differeiice.s in length of neck. By this 
arrangement no metal comes in contact with either funnel opening, thus avoid- 
ing contamination. 

The funnels can be ra[)it]ly in.serted and removed from the holdei’s irsing 
only one hand. With pulleys 1 inch and 6 inche.s in diameter about 350 double 
aseillations are produced per minute. With an electric liming switch added, 
the minute occui)ied in shaking the four funnels can be used to carry out other 
operatioms. Two of these shakers, constructed in this laboratory, have given 
satisfactory .service for over two year.s. 

1{i:ki:ui;xck.s 
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Oreliardi.ata and Conaumera of .Sprayed Fruit, Pub. flealth Bull. 20T, 1941. 



MEDICAL ILLUSTRATION 


WATER COLOR DRAWINGS FOR SCREEN PROJECTION 


FiiAXCES Shultz, Baltlmore, 


H eretofore a transparent base lias not been used extensively for hand- 
drawn pictures in color and tone. Sucli water color illustrations are made 
to serve as lantern slides primarily, but in the past color in fiat washes or lines 
was used. Color also has been applied over photographs in tone, thereby pro- 
ducing the tonal effect. By experimenting over a period of six months, a method 
has been foimd for making a picture that is .smooth enough to be projected on 
a sizable screen for lecture purpo.ses. Of eoux-se, since color photography has 
taken .such an important place in the illu-strative field, the scope of the subject 
material for hand-colored lantern slides has been reduced. However, the hand- 
made slide still serves those items which cannot be photogi’aphed as clearly as 
they can be drawn, such as peritoneo.scopie, broncho.scopic, and cystoscopic 
subjects. 

When a transparent medium first was considered, several different mate- 
rials presented themselves as surfaces upon which to work, for example, glass, 
cellophane, cellulose, film and other available tran,sparent materials. I tided 
putting a clear varnish, similar to the one used by artists, on cellophane to keep 
it from Awinkling, but it became streaked when dry. It was then put on glass, 
but the same result ivas obtained. Ammonium liydroxide washed upon blue- 
tinted roentgenographic film and allowed to dry woi-ked fairly well so far as 
.sliading of the different parts was concerned, but it changed some of the colors, 
for instance, blue became green. 

About this time an article written by Dr. il. ilu.schat on ‘'A New Tech- 
nique in Medical Illustration” appeared in this -Jourxal. The article dealt 
with colored illustrations for lantern slides and was accompanied by a black- 
and-white print of a colored drawing by the author which did not seem to be 
smooth enough for projection. I was able to obtain some of the material he 
used, and on examination found it to be similar to other cellulose acetate and 
cellulose nitrate film, except that it had a ground surface on one side that was 
excellent to draw upon in pencil. When water colors were applied, however, 
they became slightly gray and could not be worked to a .smooth finish. In short 
the film was difficult to handle. Numerous experiments were made to deter- 
mine which solution and which matci-ial would work together to produce this 
smooth finish. A bit of liquid glue in a .small amount of water works well wlien 
applied to the film, but after this .solution dries it cannot be softened suffi- 
ciently to .scratch off the high lights without spoiling the film underneath. How- 
ever, it is an aid in putting on a .smooth tone and should not be discarded 
entirely. 
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TllK .lOUUN'Al. 01’ LAIlOItATOUV AND Cl.lNUIAO MKOICrNK 


The best inothod to ii.se in iiiakini; a .sinootli lantei’ii .slide i.s to prepare a 
solution of one ]nu’l of siuui urahie er.vstal.s to eiitlit or ten jiarts of water. This 
may he thinned if desired. Paint tiie whole .siirfaee of a (lieee of hliie-tiiited 
roentgenop:rai)iru“ lilin from wliieh tlie "elatin snrfaeo has heeii I'einoved by 
soakini? it for a few minutes in warm water, and aliowini? it to try. Tiie water 
colons can then be n.sod in the ordinary way. When the colors are dry' ami yon 
are ready to .serateh off the hiffli )ii,dif.s, dam{ien the end of an etching tool 
which ha.s been sharjicncil to a fine point and carefully scratch off the paint 
and the solution. The lilm it.self will show through the .solution and give tlie 
appearanee of the highest high light. Jn.sert tlie lihii upon wliieii your draw- 
ing has heeii jiiaced lietween two lantern slide cover gla.sses and bind with 
lantern slide binding tape. Jf y'oit wish, you may make a mat of lilack opafpie 
paper for the drawing and (uit it lugween tlie two cover gla.sse-s liefore they 
are liound. 

Another medium upon which sucli colored ilrawings can lie made is tlie 
cleared but iine.\jio.sod and undeveloped lantern slide [ilate. For e.sample, take 
ii new lantern slide idate from the pack and place it in a photographic fixing 
bath. This hatli clears tiio plate and leaves a piece of gla.ss with a transparent 
film base. Such a base supplies the “tooth” to iioid the water color pigments 
which sliould be aj)i)Iied in thin wa.slje.s. Jl is the custom of medical illustrator.s 
to scratch or to engrave high ligliks out of tlieir drawing ba.se or surface rather 
than to apfily white or light i)iginents with a hrmsh. Because the lantern slide 
i.s a trauspareney, it is e.ssentiii! (hat (he higli lights he engraved out rather tiian 
built up. In ai)plying the water colors to the surface as described here, tiie 
surface becomes damp and, thevcfoi’c, unsuitable t’or engraving out the high 
lights until it is thoroughly dry. Om-e it is di-y. it answers the (lurpo-se satis- 
factorily. 

Wany water-color pigments have an oiiaquc base and arc entirely unsuit- 
able for the coloring of lantern slidc.s and similar tran.sparencie.s. For in- 
stance, the true earth pigment.s, .such as yellow ocher and I’aw sienna, are par- 
ticularly opacpic and llierefore nn.suitahle. All whites are opaciuo in varying 
degrees. For this reason, truly tramsparent colors sliould he used. These 
colors include some of the aniline dye.s, whicli are invariably synthetic deriva- 
tives. Most of the dye.s used in staining inicro.seopie slides are of the trans- 
parent variety, but all of fhe.se do not lend fiiem.sclvos to the eoioriug of trans- 
parencies owing to their lack of pei'inanonce. Tlie degree of iiernianeuee can 
be ascertained from a majority' of the reputable. maiuifacturer.s of colors. A 
fair degree of permanence is essential beeans’e the rays of light pas.sing tlu'ough 
a lantern slide are so great or intense at the point w'here (he slide is placed in 
the machine that fugitive pigments w'ill change rapidly'. This change is caused 
by the light and heat intensity produced by' the average projection bulb. The 
purchaser can do little more than rely on the word of the jiigment manufacturer 
as to the pei’manence of his product. However, the transparency' of a pigment 
can be tested by observing a small amount of it under a microscope with trans- 
mitted light. By' this method the tiny' pai-ticles of a pigment which appears 
to be of a definite color by reflected light become blade or gray by transmitted 
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light. Genuine transparent pigments retain their color \chon studied by trans- 
mitted light. The artist must, therefore, choose a palette composed of trans- 
parent colors if he is to color lantern slides. Even if one opaque pigment gets 
mixed in with the rest of tlie palette a lack of tramsparency and brilliance will 
result. In art this is termed muddiness or muddy color. 

A set of transparent water colors may be bought from most art and photo- 
gi’aphic supplj’- houses in book or liquid form. These serve well for the purpose. 

As a rule, it is best to dampen the working sm-face before the colors are 
applied. A pencil sketch on paper may be placed beneath the transparent mate- 
rial to serve as a guide in appljdng the color. 

It must be remembered that any flaw, particularly a dark one, will show 
up when the slide is projected. Therefore, it is advisable to make the picture 
with great care. I use a stamp collector’s magnifying glass, which has a swivel 
neck and a stand, through which to work. It aids materially in making such 
illustrations. 



DEPARTMENT OF ABSTRACTS AND REVIEWS 


RoflEiiT A. Kn,i)OF«;, M.D., Nuaruscr Euitok 


TUBERCLE BACILLI, Detection of, by Plnorcscenco Microscopy, Bogen, E. Aw. licv, 

Tiilwiv. -U; i;(!7, iim. 

Sputuin or uthor material, pivlVraWy after concentration, is tliiuly smcareil on a gJas.- 
slule. Tlie slides may tlien be .stained witli any acid-faht .'■taining teclini<iiie, e.scept that the 
earbolfneli.sin is replaced by aiiramine. The .'taining solution i.s made by placing 1 Gai. of 
pnre auramine powder in a. lia.sk, gradually adding l.OOlt e.c. of ilistilled water, shaking 
strongly until it i.s eompletely dissohed, and then adding ;j() c.c. of pure, bVjuetied phenol, 
and again .‘.baking. A temporary elmidiiig later settle.s out, leaving a clear yellow solution 
wbicb keejis for a long time in the dark, llagemann recommends staining with auramine 
for fifteen minute.-, at room temiieratiire, and ilecolorizing with acid alcohol without eoiiuier- 
staining’. 

The following jiroeedure, after Herrmann, lia.s been used at file Olivo View .Sauaioriuni: 

1. Fix with boat. 

2. Flood with auramine .sointion, and steam for live minutes. 

3. Wash in running water. 

4. Doeolorize in "0 (ler eoiit alcohol, eoiituining 3 jier cent liydroehloric aeiil, until the 
preparation i.-s eo]orles.s. 

3. Wa.sh in running water. 

t). Dip in a 0,1 per cent ucpieous .-.olutiun of pota.'.'-inm permanganate (this solution 
remains usable for about a week after turning brown). 

7. ^S'asb in running water. 

5. Dip in Lofller’s alkaline metliylene blue .“olution. 

P. Wash in running wat<>r. 

10. Dry and examine witli the tiuoreseenee mievoscope. 

Fluorescence miero.seopy i.s a new method for detecting tubercle bacilli. Its theoretical 
basis snggo.sts advantage.s over the pre.-ent miero.'.copie proeedure..!, both in speed and delicacy. 
An intense violet or ultraviolet source of radiation is reijnired. Tlie bacilli are stained with 
the fluorescent dye, auramine, and examined with an ordinarv mieroseopo eriuippcd with 
special light filters. Practical experieiiee eoiifirnm it.s preibVted value. In 1,000 duplicate 
smears stained in parallel by the Ziehl-Keelsen and tiuoreseenee methods, there were over 
20 per cent more po.sitive te.sts by the newer technique. In 250 parallel cultural iuid fluores- 
cence inieroseopic examinatioms, the .speeitieity of the hitter teas eonfirmo.d, although the cul- 
tural methods still gave eonsiderahly more positive findings. 

■TAUNDICE, Significance of Rise of Non Protein Nitrogen in, Meyer, K. A., Popper, H., 

and Steigmann, F. ,1. A. M. A. 117: 847, 1941. 

The nonprotein nitrogen of the blood is increu.sed in patients with both medical ami 
surgical jaundice of severe involvement. Tlie inereji.‘.e is more pronounced in cases in which 
there is a fatid outcome. 

The detennination of the nonprotein nitrogen is of diagnostic, and especially prognostic, 
value in such cases, since it points to an aggravation of a paronehymaton.s jaundice find to 
the appearance of a secondary liver daiuagD in eases of obstructive jaundice. Increase of 
nonprotein nitrogen in a case of surgical jaundice suggests an early operative intervention. 

Tlie increased nonproteiu nitrogen is to some extent exphiiued on the basis of a reduc- 
tion of glomerular illtratiou, but to a greater extent is due to iueveased reabsorpitiou of 
urea in the kidney tubules. 

An increased breakdown of protein as a cause of the increased nouprotein nitrogen is 
not evident from tlie authors’ experiments. 
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BACTEEIOLOGICAL TECHNIC: Improved Method of Obtaining Bacteriological Speci- 
mens Erom Wounds Treated by the Closed Plaster Method, DeWaal, H. 1. Brxt. 
AI. J., Aug. Sn, p. 208, 19-11. 

After the wound lui.s been cleaned, sterile thick absorbent thretid i.s laid backwitrd and 
forward acros.s its surface, starting at the center and pas-sing to the periphery. The free 
end of tlie thread lies away from tiic wound. The whole of the wound surface i.s now 
covered with sterile vaseline gauze. The free end of the thread is passed through a ‘ ‘ one- 
piece” vulcanite cylinder with a flat base and with tlie .sharp edges smoothed off, (The 
vulcanite should be of good quality and able to rc.sist autoclaving.) A groove is cut in the 
flat base of the cylinder in which the thread lies. Tiiis allow.s for tlie subsequent easy 
withdrawal of tlie thread. A sterile rubber stopper i.s inserted into the upper opening of 
the cylinder. IVliile the plaster is being applied, an assistant steadies tlie cylinder at the 
edge of the vaselined gauze (about 1.5 cm. from the wound margin). In taking specimens 
the procedure adopted is as follows; 

The rubber stopper is first removed, and with a -swab slightly moistened in antiseptic 
the inside of the cylinder is cleaned and then dried with another swab. That portion of 
thread which had been within the cylinder and had come in contact with the antiseptic is 
now withdrawn, cut off, and di.scarded. A further piece of tiie thread is pulled out (about 
1.5 cm.), snipped off, and placed in a i-terile te.st tube. Thi.s portion of the thread has 
been e-vposed to air, and shoiihl be e.vamincd as a control. The ne.vt few centimeters are 
similarly collected, and give a repierentative sample of the wound flora. 

Depending on the length of the thread originally lanl on the wound, five or more speci- 
mens may be taken at varying intervals. The last portion of the thread comes from the 
center of the wound, the part likely to heal last. After each specimen is taken, a fresh 
sterile rubber stopper is inserted in the mouth of the cylinder. 


LYMPHOCYTOSIS, Infectious, Smith, 0. H. Am. J. Dis. Child. 62: 231, 1941. 


Two types of lymphocytic blood reactions are described to which the term infectious 
lymphocytosis has been applied. 

In one type, which occurs infrequently, unexpected hyperleucocytosis with absolute and 
relative lymphocytosis appears for a short period and is not accompanied by any recog- 
nizable symptoms or physical sign.s. In the two cases of this type reported in this paper 
the maximum white blood cell counts were 44,300 and 98,000 cells per cubic millimeter, 
respectively. 

The second type is frequently encountered in pediatric practice and includes cases in 
which after an infection of the upper respiratory tract low-giade fever continues to be 
present for prolonged periods. A.ssoeiated symptoms include anorexia, pallor, fatigability, 
and para-unddlical pain. Tlie blood in such cases .shows a lymphocytic preponderance instead 
of the expected neutrophilic respon.‘-c and moderate leucocyto.sis. Tliis symptom complex 
occurs most characteristically in infunt.s and in young children. 


E.vamination of bone marrow in three ease.s showed an increase in lymphocytes as the 
only abnormality. 

Tlie.-e two type.s are cla.s.sified as acute and chronic infectious lymphocytosis, respec- 
tively, and are differentiated clinically, hematologically, and serologically from infectious 
mononucleosis, leucemia, and miscellaneous infections associated with hmiphocvtosis. 

It i.s pointed out tliaf many lymphocytic blood re.sponses in children whose titer of 
heterophilic untiliody i.s normal belong in the class of infectiou.s lymphocytosis rather than 
infectious mononuclco.sis. 

Acute and chronic infection.- lymphocytosis may repre.-^ent .-eparate entitle.- althou<»h 
ere is some evidence tiiat tliev inav be related. ’ ' ” 


there 


Tlie etiologic agent of each type is probably not re 


, , • , „ , , , , - T'resenteil liy tlie bacterial flora 

obtained from the na.-opharynx, but probably is an as yet umietermined virus reflated to 
inti'ctum or the upper re.-piratory tract. ' 

Tlie prog..o.-i.s in both types of i„fcctiou.s lymphocy,o,-is is favorable. Treatment of the 

chronic type is -ymptoniatic and .-.hoiild be directed toward relieviier i "‘e 

loiaru relieving na.-opliaryngeal infection. 
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OHICKENPOX, The Blood Picture in, Holbrook, A, A. Arcli. lut. Aio.i. 68; JWl. 

This stiuly was made diiiiii" an ejiideauc ot' eliiekeiijiox iu Milwaukee County in the 
fall of Iti.’il). The u(> patients and 15 eonirols were all riuaraiitineil in their homes. 

The followinj; .signilirant tendeneie.s are m)te<l in the patient.s: 

1. The total whit<! blood eell count falks liurin;^ the end of the incubation period, 
reaches the lowest level on the second and third days of the rash, and then rises to its former 
level. 

2. Uurino the leucopenia the percentafte of polymorphonuclear cells ftills, and the per- 
centage of lym[)hocytes rises, as lymphobl;isls and |)rolymplnK‘ytes come into prominence. 
Among the latter, the mitotic ligures, which are oeeasionally seen, atte.st further to the strong 
stimulus to lymiihocytie activity which apparently accomiianies chickenpo.v. 

An inerea.se in plasma cells is also noteworthy early in the eruption stage, their 
portion of the total differential count .sometimes reaching 6 to S per cent. 

•1. In some instances, several of the foregoing features may appear before the rash 
and thus may he of diagnostic value. 

The studies on the control group show the following tendeneie.s: 

1. In the aggregate, the various plotted eur%'es for total white blood coll counts and 
their fractions tend toward a Iiorizoiital line. 

2. In certain individual ea.-.e.s, a fall in the percentage of polymorphonuclear cells and 
a rise in the percentage of lymphocytes, with prolyrnphoeytes increasing, occur at ahout the 
time the eruption is o.vpocfed. 

VITAMIN C and Serum Protein Levels in Woimd Disruption, HartzoU, J. B., Winfield, 

J. 111, and Irvin, J. L. .1. A. 51. A. 116: 060, 1911. 

The authors would emplia.size Ala.son’s statement that “the urge to heal is almost as 
great as the urge to live.” Wound healing is :ifVoetod by many factors, and tlie nutritional 
condition of a patient is a most important one. Either to maintain life or to repair tissue 
there must be a supply of proteins, fats, carbohydrates, minenils, water, and vitiunins. 
Periods of inanition or faulty nutrition arc likely to deplete the earbohydnites and fat stores 
and to lower serum protein and vitamin levels. The authors almost universally supply car- 
bohydrate and salts by routine intravenous administrations, hut, generally speaking, if n 
transfusion is given, it is beeau.-ie the hemoglobin and the red blood coll count arc low 
rather than because the serum protein is low, and the vitamins are forgotten entirely. It 
would seem logical that, if normal healing is to be e.\peeted, the ascorbic acid and serum 
protein levels of the blood pl.asma should be brought to normal eoueentration and kept there. 

MENINGOCOCCI AND GONOCOCCI, Simple Method for the Isolation and Identification 

of, Boisvert, P. L., and Pousek, M. D. Am. .1. Dis. Child. 61: 710, 1941. 

Twenty-six strains of meningoeoeei and S strains of goiioeoeei were isolated in the 
Iiediati-ic laboratory during u three-year period; the carbon dioxide jar of Thompson was 
used for the cultures. Tlie organisms grew out 'veil in twenty-four hours on blood agar 
plates and were recovered from material from all infected patients on the first culture. It 
was found that the simple addition of the dillerentiating carbohydrates to the blood agar 
afforded a satisfactory method for further identification of the organisms by fermentation 
tests. 

.1/edin. — A fresh beef heart infusion with 1 per cent noopeptoue was the basic medium 
used. The blood agar plates used for the isolation of the organisms were made by adding 
10 c.c. of deflbrinated rabbit’s blood to a flask containing 200 c.c. of melted infusion ngar. 
The blood and agar were mixed, and the luixturo was poured into sterile Petri dishes and 
allowed to solidify. The contents of one flirsk made about fifteen blood agar plates. 

For the fermentation tests blood agar plates containing dextrose, maltose, and levulose 
were used. Five-tenths cubic centimeter of defibrinated rabbit’s blood was added to a 
tube containing 10 c.c. of melted infusion agar. Tlie contents of the tube were mixed and 
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poured into a sterile Petri dish containing ‘i c.c. of 10 per cent dextrose. An even distribu- 
tion of blood agar and carbohydrate »a.s obtained by gently tilting tlie dish back and forth 
while the contents were still licpiid. Jilood agur plates with maltose and levulose were made 
in tiio same manner. 

Carbon Dioxide Jar . — Tlie apparatim con.<isted of a round, tiat-bottomeil 2.5 liter pyre.v 
jar, a square cover with corked aperture, and a. eontaiiicr for reagents. It differed only in 
minor details from the apparatus u-sed by Thompson, The container for reagents was fastened 
to the bottom of the jar rvitli sealing wax. Petrolatum was used to seal the cover to the jar. 

Sodium bicarbonate and sulfuric acid were the reagents used. Tlie sodium bicarbonate 
solution was made liy dissolving SI Giu. of sodium bicarbonate in 1 liter of water. The 
.sulfuric acid solution contained 20 c.c. of concentrated sulfuric acid per 580 c.c. of water. 
Equal amounts of each reagent were used, and 22.4 c.c. of carbon dioxide were formed 
from each 1 c.c. of sodium bicarbonate solution. An amount of each solution, equal to 0,45 
per cent of the volume of the jar, furnished an atmosphere of about 10 per cent carbon 
dio,xide. 

Isolation of Strains.— Darulcat di.scharge from the eyes or the genital tract was ob- 
tained on a sterile cotton-tipped wooden applicator. It was smeared over a small area 
near the edge of a blood agar plate and streaked with a piatinum loop. 

A 0.1 c.c. sample of spinal fluid was placed on a blood agar plate with a sterile pipette 
and streaked in a similar manner. 

Blood cultures were made by adding 5 to 7 c.c. of the patient’s blood to 50 c.c. of 
infusion broth and by mixing 2 c.c. of the citrated blood of the patient with 10 c.c. of 
infusion agar to form a pour plate, 

Material for culture was obtained from the nose by introducing a cotton-tipped wooden 
applicator into the nostrils until the nasopharyngeal wall was reached; material from the 
throat was secured by touching both tonsils and the posterior portion of the pharj’nx. The 
material from the nose and that from the throat were streaked separately on blood agar 
plates. 

The inoculated media were put into the carbon dioxide jar, the calculated amount of 
■sodium bicarbonate solution was placed in the container for reagents, and the jar was cov- 
ered. An amount of sulfuric acid equal to that of tlie sodium bicarbonate solution was 
added tlirough the hole in tlie cover by means of a pipette. The hole was closed with a 
cork, and the jar with its contents was incubated overnight at 37.5 ” C. Portions of colonies 
on the plates which re.serabled meningococci or gonococci were smeared on a glass slide, 
stained, and e.xamined microscopically. Blood cultures positive for these organisms were 
examined in a similar manner. If gram-negative diplococci were found, the organisms were 
further identified by their fermentation reactions. 

Fermentation Tests . — Three blood agar plates, containing dextrose, maltose, and levu- 
lo.«c, respectively, were inoculated and incubated overnight in the carbon dioxide jar. One 
drop of 2 per cent bromtliymol blue was placed on each of the plates in an area where 
colonies were present. Fei-nicntation of the sugar was indicated by a change in tlie color 
of the indicator from dark Ijlue to yellow. 

BLOOD SEBUM, Desiccated, Viability of the Spirochetes of Syphilis and Yaws in, Turner, 

T. B., Bauer, J. H., and Kluth, P. C. Am, .1. Afed. Sc. 202: 41G, 194J, 

T. palhdnm and probably T. pertenue are commonly killed by the process of freezinn- 
ami (lo.^iccation, oven when the method is such that the viability of many other bacteria 
and viruses is retained. Transfusion of desiccated blood .serum or pla,sma is therefore 
prob.ably without risk as regards tlie tran.smission of .syphilis or yaw.s, even though the mate- 
rial is obtained from an infected donor. 
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Books and Monotjraphs for IJeview should bo sent direct to the Editor, 
Dr. Warren T. Vaughan, 201 West Ernnkliu Street, Richmond, Va. 


Genital Functions and Their Hormonal Kegulation"' 

TNTERXATIOXALLY known for liis work in endoiTinology, Pr. Zomlek in lliis inonograpU 
presents and discusses the results of investigations carried on in tlie Hebrew University 
and the University Hospital in derusaleni. 

In six main sections are discussed: I. The Occurrence of Some Estrogenic Suh- 
stunces in Nature; II. Experimental ami Ulinical Investigations of the Percutaneous Use 
of Estrogenic and Androgenic Hormones; III. The Klfect of Protracted Treatment Vith 
High Doses of Estrogenic Horimine; IV. On the Eate of Estrogenic Hormones in the Organ- 
ism; V. riinical Investigations Concerning the Cycle of the l-’emale Organism; \ I. 'Ilie 
Weehauisin of Menstruation. 

Of interest is the report in the opening section of the demonstration of estrogenic 
hormone and a tlavin derivative (vitamin B;) in the water and .sandy slime of the Dead Sea. 

In Section III Dr. Eondok reports absence of any evidence that protracted horinouc 
therapy may be, as has been suggested, a factor in carcinogenesis. 

Space does not permit any extended rtUsume, but it can be said that these studies are 
of great interest and value to the investigator in this Held and to the clinician as well be- 
cause of their clinical aspects. 

Well printed and excellently illustrated, this is a valuable contribution. \ summary 
completes each chajiter and a bibliography- is a])pended. 


Essentials of Endocrinology! 

A s THE -author comments in his preface, the Held of endocrinology is marked at the 
• present time by •‘feverish activity-.” His book, therefore, w-ill be welcomed by those 
ivlio wish to have at least a bird’s-ey-e view of wimt has now become, in many respects, 
a fundamental science. 

In this book Dr. Grollman presents ii well-bainneed survey of tlie present status of 
endocrinology and discusses in seriatim: Endocrine Glniuls of the C'rnninl Cavity; The 
Broncliiogenic Organs; Endocrine Glniids of the Abdominal Cavity; Hormones of the Re- 
productive System; and The Hormones Derived From the Noueudoeriue Glands. 

A useful reference list of available endocrine products is found on the cover pages, 
front and back. 

Well oriented and organized, well written and illustrated, this is a useful book de- 
serving of wide circulation. 


♦Clinical and Experimental Investigations on tlie Genital Function and Tlieii- Hormonal 
Regulation. By Bernhard Zondek. Cloth, 26t pages, 59 figures, $1.50. Williams & Wilkins Co., 
Baltimore, ild. 

tEssentials of Endocrinology. By Arthur Grollman. Ph.D., il.D., Associate Professor of 
r)i,n.T>U oology and Experimental Therapeutics. Johns Hopkins University, Medical Scliool. 
Cloth? 480 pises, 74 illimtrations, $6.00. J. B. Lippincott Co.. Philadelphia. 
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SOCIAL UDVOLUTION AL^D THE PHYSICIAN^' 


Warrex T. Vaughas, 5I.S., SI.D., Richaioxd, Va. 


L et us for a moment turn the calendar back eight short years, to the year of 
■* our Lord 1933. 

This was a year of depression. The banks took a holiday. Even so, we were 
making progress. The eighteenth amendment was repealed, destroying the prob- 
lem of racketeers. The Industrial Recovery Act was passed, assuring prosperity. 
The bonus grab was consummated, distributing billions of dollars, that our 
country might lift itself by its bootstraps. Chicago was celebrating a Century 
of Progress. Wiley Post was circling the rvorld in eight days. The Colden Gate 
Bridge was abuilding and the first streamliner train was entering sermee. 
Science and medicine were making strides. Heavy water was being dis- 
covered; magic eyes were opening doors. Sui'geons were removing entire lungs. 
The Rockefeller Foundation was spending fifteen million doRars to promote the 
well-being of mankind. 

AR was reasonably well with the world. 

On January 30 a fiery little fanatic, Adolf Hitler, became Chancellor of 
Germany. Within the year Slower wrote a hook. The Broirn Book of the 
Hitler Terror. Armstrong wrote another, Germany Puts the Clock Back. The 
Nobel Peace Award for 1933 was postponed. 

WRl that year go down as the nineteen hundred thirty-third from the birth 
of Christ 1 Or will it gain more lasting place as the year “One” of the New 
Dark Ages ? 

There have been glorious epochs in histoiy. A high point was the A"e of 
Pericles , when commerce and industry, art, philosophy, and the .science of the 
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time flounshed. We read oT tlie rulers and sa":es of that afre, and call it Golden. 
We fort,^ct that its average per.sons lived as crudely as the harbarians wlio later 
destroyed them. We l'or<'et that the glories of ancient (ireeee were built uiion a 
foundation of slavery. 

If I liad my clioiee of any half century in which to live during the la.st 
fifty thousand years, I would select (he years just elapsed and would rei(Ui'.st 
life in a democracy, j)referably in the United States. At no other time or place 
in the hi.story of creation have men, from the wealthiest and the most intelligent 
to the poorest and the least intelligent, enjoyed comparable comfort and 
freedom. 

True, this period has witne.s.sed disease and crime. L'to[)ia is not yet here, 
but it seemed almost within reach. At what point on the road of iii'ogrc.ss did 
our race stray into the by[)ath which has led us to the l)rinlc of disa.ster ? 

During the first World War a new element entensl those factors which 
appeared to be controlling progress. A few reeogni/.ed this at the time. Many 
do .so now when it is almost loo late. This new element is comple.v. It is a 
trend, be.st analyzed in the changes in social psy<'holugy since the last war. 

In the intervening decades there has been continuous advance in the physi- 
cal or mechanical aspects of living. Automobiles and ships have improved. 
Die.scl trains, air-conditioned buildings, and other inventions have made living 
almost too comfortable. Seienlitic achievement is gaining, not losing, momentum. 
New discoveries are now heralded daily, and tlie science and tlie art of medicine 
are at a high point of achievement. 

In these aspects tlie world ajipears to have been traveling onward toward 
grander things. The downward change has been in our atttiude toward life, in 
our interpretation of tlie reason for e.xistence, and in our evaluation of those 
things for which life is worth the living. 1 might say that in a mechanized 
world, our philosophy lias become mechanistic. 

Many factors have played a part. The first, a direct outcome of World 
War I, was mairs unconscious denial of the value of luiman life. Only by tlie 
adoption of such an attitude can soldiers live through a war of destruction with- 
out going insane. When one sees dear friends, stalwart young men, blown to 
fragments, knowing tliat the ne.xt sliell may be his own, one forgets the platitude.s 
of the Sunday-school teaclier on God’s interest in the weakest lamb of the flock. 
The success of wars depends upon mass training in the psychology of the uii- 
impoi’tance of the individual. All of us who were in France absorbed it, whether 
we were fighting with bayonets or merely closing the eyes of otiiers as they died 
from violence or disease. 

Such a psj'chologic attitude pei’sists after its need has passed. 

A second factor which in this country has changed tbo outlook of the masses 
was prohibition, which made gentlemen out of drunkards and drunkards of 
gentlemen; which allowed honest men to deal with crooks; which made connivers 
of policemen and bars into speakeasies; and which bred contempt of the law in 
every class, but most regrettably in children, as the.v watched tlieir parents 
flout it and laugh. 



VAUGHAX : 


SOCIAL BEYOLUTIOX AXD THE PUVSICIAX 


2S1 


I find a third conditioning intiuence in the present trend toward mediocrity 
in productive effort, especially among the laboring groups. Time was when 
craftsmen and their apprentices derived as much satisfaction from tlie making 
of an artistic copy of a famous statne, painting, saddle, nutcracker, or bookmark 
as the artist had in his original creation. Today, the trade unions diseouiage 
originality. All must be stereotyped. No matter what the degree of one s 
ability, all must work the same hours and receive the same pay. Creative am- 
bition among craftsmen is discouraged. Once there were cabinet makers. Then, 
there were carpentei'S. Now there are saiv-and-hatchet men who piece together 
jigsaw puzzles of prefabricated materials. 

These three influences, mediocrity, lawlessness, and negation of the im- 
portance of the individual, have probably been the most important factors in this 
comitry. Tlie trend has been ivorld wide. It is illustrated in the communism 
of Eussia and the corrupt politics of France. 

There is a fourth factor which has influenced nations. While German}' 
has been the leader in this factor, it has been reflected in her allies, Japan, Italy, 
and the Eussia of ISIO. It may be summarized in the term national dishonesty. 
If a government lies, cheats, steals, and murders, the ethics of those living under 
it must of necessity undergo subtle changes. 

We are living in a period of world revolution, of turmoil, in which the 
socialistic trend, the trend toward mediocrity, the tendency to draw the best 
doiivn toward the worst is dominant. We have seen civilizations fall. Is today’s 
situation comparable to the softening that caused the downfall of Eome? Are 
we witnessing a temporary eclipse of civilization? 

For myself, the answer is no. But I must qualify this answer. 

We are entering a new world order, one which may not make the world 
better. We are in a phase comparable to the French Eevolution. It involves 
a reshuffling in which the “haves” wiU become “have nets,” but the “have 
nots” will not become “haves.” The outstanding phenomenon of the catas- 
trophe is the destruction of individualism. Individualism was destroyed in the 
French Eevolution, but it returned. It will always return. 

How have we managed to get ourselves into this predicament? Have we 
taken a byway off the path of progress? Or have we reached a previously un- 
charted area on the main road? Are there more basic conditioning elements 
than the superficially obvious ones which I have described? I see three such 
possibilities. 

The first is the influence of cosmic forces. The suggestion has been made 
that those solar convulsions which cause s\m spots may extend their influence 
to things living on earth. It has been shown that periods of social unrest co- 
incide fairly well with phases of increase in sun spots. This applies to the 
World War, the Eussian Eevolution, and even to runs on the stock market. 
When William Petersen is showing how terrestrial weather mav influence man 
physically, mentally, and emotionally, we need not stretch imagination to «-rant 
the possibility that cosmic rays or other solar forces might influence our ac 
tivities. When C. A. IMills tells us that the upward trend in college student stat 
lire appears to be undergoing a reversal, and that sexual maturitv is occurring at 
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a later age; when lie attril)iites this to tlie unseasonaljlc warmth jxrevailing over 
the earth since 1929; and when he remarks that tlie pliysieal recession of man- 
kind during the Dark Ages oeeurroil xluriiig centuries of world warmth, we must 
ponder on the possible iidluenee of cosmic forces on lumian progress. 

Wo turn from svich conjectures, since their acceptance implies a defeatist 
attitude. But wc cannot ignore tliem if tliey may be true. If we grant tlieir 
possibility, then our every effort should be to counteract such deterministic 
tendencies with whatever means science may make available. 

We must consider human factors as well as geoastral forces. There are 
two: the growth of science, and the failing influence of religion. 

The Christian religion has been the greatest social force for good that the 
world has ever known. I say this with full realization of tlie hypocrisy, in- 
justice, corruption, torture, and brigandage that have been committed in the 
name of Christ. The .Jewi.sh, Buddhist, and C'onfncian religions have been 
comparably potent for good, although probably le.ss widely effective. A single 
discovery nearly 400 years ago blasted the tenets of all theologies. When 
Copernicus proved that the earth revolves about the sun, our planet could 
no longer be the center of the universe. It became just a little ball, gyrating 
in unison with countless other little balls. 

3Ien of science have been forced by their discoveries to become agnostic. 
They find no proof of individual life hereafter. They have adjusted themselves 
to the philosophy of oontributiug greatest good for the greatest number on this 
earth, and to the knowledge of immortality at least in tlie germ plasm of one's 
descendants. Surely we can si)eak of the religion of science. ^lembers of this 
cult are today leading a more ethical life than are some so-called pillars of the 
church, even though the former have no fear of eternal damnation or hope of 
reward in the hereafter. In this way, the advanced tiunkers liave solved their 
problem. The trouble is that, with the popularization of science, nouthinkers 
have also become convinced that there is no liereaftcr. The great controlling 
force of orthodox religion over men with antisocial tendencies has been the fear 
of heU fire. With this gone, potential criminals are all out for what tliey can get 
in this life. Destruction of the concept of immortality, brought about by science, 
has been a potent factor in increasing crime on this earth. 

We are living in days of realism. This applies even in the young. A five- 
year-old Jewish boy had heard his parents discuss the tragedy of the Jews in 
Germany. One day, disobeying injunctions, he went to the river bank where, 
of course, he fell in. TIis IMother told liim that God, angiy at liis disobedience, 
had punished him. Next time God might let him drown. To which the lad 
replied, “I hate God.” His reasoning was logical: “Why should God do that 
to me, when he does nothing to Hitler?” 

The deity myth is one of the most remarkable phenomena in history. 
Anthropomorphic God failed his only Son two thousand years ago. Did we 
accept this as evidence of nonexistence? No, we made excuses, Ave explained that 
he Avanted Christ to suffer like man. And this man-made illusion lias continued 
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to govern the world for two millennia, fortunately so, because we were not ready 
for the next step hi humaiL evolution. 

It has been said tliat the one hope for dogmatic religion is the arrival of a 
new Messiah. He must come from the lowest classes. He must fire the imagina- 
tion. His religion must be militant. It must offer promise of heaven on earth. 
Today some see such a Messiah. His name is Adolf Hitler. He is the most 
evil genius that the forces of creation have ever let loose upon this earth. 

IVhat may we expect from science 1 Scientists have realized that average 
man must have a tangible religion. To this extent they have regretted the pass- 
ing of the old. Some Jiave attempted to substitute a religion of ethics based 
upon science. Their writings usually start convincingly and end in a philosophic 
hodgepodge ivliich leaves their readers and, I suspect, themselves in a complete 
fog, proving that the scientist should limit himself to science and leave meta- 
ph 3 ^sies and philosophic dissertations to those better cpialified in the field. 

One writer, Edwin Conklin, has avoided the pitfalls. In his essay “Does 
Science Afford a Basis for Ethics ? ” he formulates the answer more clearly than 
any other whose writings it has been my pleasure to read. Briefly excerpted, his 
reasoning is as follows. 

“There is evidence that in times long past there were types of human beings, 
more brutish in body, mind and social relations than the general average of the 
present race. There is abundant evidence that ethics has undergone evolution 
no less than intelligence. It seems incredible that reason, emotion, aspiration 
and ethics should develop out of such simple functions as sensitivity, reflexes, 
trial and error, and yet these incredible things are actual facts. 

“Psychical development begins with the ability to respond differently to 
stimuli of different quality or degree. Just as the amoeba avoids extremes of 
hot or cold, all living thing-s groiv toward the satisfactory and avoid the un- 
satisfactory. This is the beginning of psychic life. It is based upon the ability 
to distinguish between that ivhich is satisfactory and that which is not, and to 
follow after the one and to avoid the other. This very fact of distinguishing 
and choosing or following is the basis of wisdom. Freedom comes with the 
ability to make a choice between two alternatives, and is measured by the extent 
to which remembered experience influences behavior. Intelligence is the ca- 
pacity of profiting by remembered experiences. 

“The highest level of human development is attained when purpose and 
freedom joined to social emotion, training and habits, shape behavior not only 
for personal but also for social satisfaction, since society no less than the in- 
dividual is seeking satisfaction. When all these things combine, ive have ivhat 
we call ethics or the science of right conduct. 

“The process of evolution involves not only the physical body but mental 
attvihutes and ethical reactions. Ethical or social reactions can be measured in 
p-oups of laboratory animals as easily as physical attributes. Evolution occurs 
in the body, the mind, and in social relatioms. 


Among savage tribes ethu-s or altriu.sm iHu-vades tlie tribe l)iit does not 
extend beyond. In the higher social grade.s altruism reaches farther and takes 
in more people, until with some persons it inchule.s the whole human race ” 
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Cyril Janies lias defined society as “an organism wliieli we can envision as 
endowed with a kind of independent life that enables it to eontinue in existence 
despite the procession of births and deaths that determines the lives of the 
men and women who compose it.” 

We may gather several iiifereiiees from these statements. ••Survival of 
the fittest" does not apply only to brute force. The prize tighter is not best 
fitted to tly a plane, to operate a submarine, or to organize an ideal social group. 
In evolution the highest men have developed not only physically and mentally 
but also socially or ethically. 

The distinctive attrilnite of Jesus was that he was from *2,000 to 4,000 years 
ahead of his time. In the evolution of man, as far as ethics is concerned, he was 
precocious. There were others such as iMoses and the Creek philosophers. With 
increasing numbers in later centuries, iirogrc.ssively fewer stand as far above 
their fellow men. 

Socially. Christ was a perfect man. Plato was another, of almost com- 
parable stature. Ilis ••Iie])ublic" is .still the ideal to be attained, although it 
may be another two thousand years before we reach it. 

There is another inference that I would draw from Conklin's essay. 1“ 
the i)roce.s.s of evolution among .social organizations the democracy is farther 
advanced than any other form of government. The difliculty with the democracy 
of today is that, although it has a thousand superior ethical thinkers to one 
superior thinker of two thousand years ago. the ma.ss of its members is not yet 
sufficiently evolved. When evolution has proceeded to that stage where all have 
accpiired ideal ethics, then democracy will be i)erfcct. 1 believe that time will 
come. 

A corollary is that the (I'ermauic tribes of today are not at as high a stage 
of evolution as the English, the Scandinavian, the American, and those other 
political communities which have demonstrated their capabilities for self-govern- 
ment. The German people have no genius for this. We blamed Wilhelm in 
1914. We blame Hitler now. If there had been no Kaiser or no Hitler there 
would have been someone else. The trouble is with the mass psychology of 
the Teutonic race as much as it is witli its rulers. The ethos, the code of ethics 
of the democratic states, is one of ••give and take.’’ The Nazi code is simply 
that of ‘ ‘ take. ’ ’ 

Our error at the last peace was the assumi)tion that democratic government 
would be appropriate for men who were insufficiently evolved to handle it. If 
the democracies win this war a benevolent authoi’itarian government must be set 
up for Germany. 

I find food for thought in the observation that while the Celts and then the 
Teutons first settled northern Europe, the Saxons and Angles broke away from 
the latter, to inhabit the British Isles. These could not tolerate a static life 
any more than their descendants who colonized America. Those who j)ushed 
always farther into the unknown where they could develop new and better social 
organizations may have been those farthest advanced in evolution. If we accept 
the cradle of the Aryan race as in Western Asia, and compare the Slavs, the 
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Teutons, and the Anglo-Saxons, we may conclude that the farther they have gone 
geographically the better has been their capacity for self-goveinmeut. 

I do not wish to imply that the democracies have a monopoly of the finest 
minds. There have been superior ethical men in Germany, also in the Slavic 
nations and elsewhere. Many in Germanj' have been Jews, but some ha^ e been 
Teutons. The fact remains that when the Mediterranean races were in the flower 
of civilization, the Germanic tribes were still barbarians. For all of Hitler s 
varmting of his personal group of Aryans, and in spite of the many fine minds 
that have lived in Germany — and escaped from Germany— compared with the 
most highly evolved groups in the world today, those who rule Germany now 
are one thousand year's behind. They are still in the period of rrrle by deceit, 
crmning, and might. Their social ethics has not yet matured. 

When Hitler eirtered Polaird he told his people that he had taken a step 
which would change the history of the rvorld for a thousand jmars. If he wins, 
this win be true. Human progr'ess will have to step back oire thousarrd years, 
and hope that a thorrsarrd j’ears hence it will be back where it now is. I say this 
advisedly. Hitler’s policy is one of destruction of the thinkers, the progressives, 
the ethical. During the two thousand years since Christ we have reached that 
stage where there is an appreciable, almost a mrlitairt, proportion of ethical per- 
sons. With their destruction, the rule of the barbarian will be complete, and 
the clock will have been set back ten centuries. 

What win this world be like a thousand years from now ? Kirtley Mather 
tells us that the present supply of oil in the United States wll be exhausted 
in thirty years; the known world’s supply, within seventy-five years. We 
have enough coal to last two thousand to three thousand years. Science can 
now make gasoline and similar products from coal. But there wfll be an in- 
creasing demand for nourenewable products, such as coal and metals. Mather 
estimates that the demand will be doubled within a few decades. There will 
also be an increase in population. He concludes, ‘ ‘ Taking all these things into 
consideration it would appear that world stores of needed natural resources 
are adequate to supply a basis for the comfortable existence of every human 
being who is likely to dwell anywhere on the face of the earth for something like 
a thousand years.” 

May I, for the sake of rhetorical effect, stretch my imagination and ask 
you to stretch yours to visualize a Hitler victory which wiU. set the world back 
a thousand years; which will result in colossal wastage of nonreplaceable re- 
sources as is occurring today in the sinking of ships, the destruction of property, 
and the wanton explosion of those things ■which should be used by superior man 
in his daily life, ending a thousand years from now in the banlu'uptcy of our 
resources and the extinction of the human race 1 

Mather tells us that species like the dinosaurs, which have become extinct, 
lived an average of half a million years before they vanished. Homo sapiens has 
had only fifty thousand yeai-s of existence, ilust we let Hitler and his minions 
rob us of four hundred and fifty thousand years? 

Thirty years ago Prussian scientists were boasting racial superioritv To- 
day It is Aryan purity. Then, it was superman. The superman of today is less 
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common amon<? the (lennans than in the more .socially integrated dcmoeraeies. 
Arrogance, intolerance, and sadi.sm arc not his eharaeterLstics. 

During the era of splendid (lerman scientitic ac-hievement, around the turn 
of the century, they were so jiositive, .so dogmatic, so intolei’ant of di.ssensiou that 
they convinced not only themselves but many others of their intellectual 
superiority. After several decades the clay feet commenced to show, I wa.s 
amused recently by the writings of .some leading Oermans regarding the causes 
of liaj- fever and asthma. Their conclusions of 1900 were as wrong as they 
could be. Today we know that hay fever is not a bacterial infection, and that 
asthma is not primarily a neurosis, but if you u'cre to read those forty-year-old 
essays today and Avere not acfpiainted with progre.ss in the intervening period, 
you would be as convinced as they were of the infallibility of their conclusion.s. 

No, superman Avill not be defined in terms of the idiysical or mental prowcs.s 
of the individual, but rather in his adaptation as a unit in the .social structure. 
Christian kindliness, not arrogance, will be his outstanding characteristic. He 
Avill not hesitate to fight if nece.s.sary, but only for truth and justice. Hven 
Jesus drove the money changers from the tcmjile. I say Chrustiun- kindliness be- 
cause Christianity is still an ideal religion. Take away the concept of the super- 
natural which was added after Christ’s death. Take away the jjromise of per- 
sonal immortality. What have you left? We still have the keystone — the teach- 
ings of Christ — a creed of moral and social ethics which has no superior. 

We still have the Oolden Rule. 

The Prussian’s conceit almost convinced us that his was the race of super- 
men. We are startled to discover that with the rationalization of science we 
ourselves have better claim to this distinction. If tliis is true, we have a heavy 
obligation, the task of pre.serving the higher civilization from destruction by 
those less advanced races which have a.ssumed a camouflaging veneer of culture 
and are now using the implements of science, devised for social progress, for 
destroying society. 

Here are you young men and women, at the beginning of j-our life’s careei-, 
full of enthusiasm and ambition, and the feeling that all is reasonably Avell Avith 
the Avorld. And here am I, an apostle of semigloom, invited here to Avish you 
Godspeed and success. By Avay of apology and explanation may I say to you 
that I have four sons, all headed for careers in medicine. As a father, Avorld 
problems have given me deep concern. I can only say that the advice I am 
giving you is the adAuee that I have giAmn my oaa’u sons. 

There have been other purveyors of gloom. The man avIio said “there is 
scarcely anything around us but ruin and despair” Avas William Pitt, the date 
1800. The Duke of Wellington on the ave of his death in 1851 “thanked God 
that he could be spared from seeing the consummation of ruin that Avas gather- 
ing around.” Disraeli ten years earlier had AATitten, “In industry, commerce 
and agi'iculture there is no hope.” Lord Shaftesbiuy said in 1848, “Nothing 
can save the British Empire from shipAvreek.” A hundred and forty years 
ago Thomas Jefferson Avrote that dictators aaoU “destroy every trace of civiliza- 
tion in the Avorld and force mankind back into a savage state.” 

Today it seems truer. It may be because of our proximity or because the 
social upheaval is more Avorld Avide. Undoubtedly the future Avill be different. 
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What are you young men and my sons and I and the vest of us to do about it? 

I can give you only the high points. 

First, you must prepare jmur.selves. Some of you are about to finish jour 
medical education, others are just beginning. There •will be a shortage of doctors 
and you aid in keeping this at a minimum. 

Next, your function will be to help win the wav, for I can assure you it is 
our war, a battle against e.vtinction of the most highly developed groups of the 
human race. Once you are in it, wav is not a horrible affair. It is a thrilling ex- 
perience. Otherwise it would not have been so popular through the ages. There 
is a mass psyehologj’’ which destroys the sense of fear. You may be killed; 
if so, you will not remember it. Y ou may he maimed, and this is the sad part of 
war; in the present barbaric struggle this applies equally to noncombatants. 
The chances ai’e better than even that you will come through unscathed. There 
will be hardships, possibly heartbreaks, but we who went through the last war 
know that these are speedily forgotten and that in retrospect, and indeed in the 
day-to-day experience, fighting is lots of fun. 

After we have won the wav ov, God fovbid, lost it, what then? Present 
trends presage increasing socialization, involving scientists and physicians with 
the rest of humanity. 

l\Iay I present three general alternatives? First, you can attempt to change 
the trend, whatever it may he, in an effort to retain present-day customs. This 
had best be left to geniuses or fools. 

Second, you can “play the game.” If individualism is temporarily eclipsed 
in America, and preventive and therapeutic medicine are to be regimented along 
with public health administration, enter this new day with enthusiasm and a 
spirit of cooperation. If medicine must become bureaucratic, do your best to 
reach the top in the new order, where you can do your part in making state 
medicine the finest type of medicine. Do this with only one object in view, to 
uphold the spirit and tradition of the best in our profession, applying it to the 
new order. In this way will you achieve la.sting and self-respecting success. 

If, again God forbid, we return to the Dark Ages, your function should he 
that of preserving the advances made up to now, w'hile awaiting the da-ivn of a 
new era. Your lives should then he comparable to those of the monks of the 
^liddle Ages, the monasticism which kept knowledge alive, albeit feebly, until the 
new day. In short, the third alternative is that of cloistered existence in re- 
search and teaching in schools of higher education. 


There is a fourth alternati%’'e. It lias neither the spectacular appeal of the 
first, the active appeal of the second, nor the self-abnegation of the third. It is 
the program which will be followed by the rank and file of you, the life that has 
made medicine a glorious profession, and has made doctors beloved by their 
people. This consists in aiding the sick, advising the disturbed, encouraging 
the feeble, comforting the bereaved, building health and happiness for the in'’- 
dividual and letting the more ambitious worry about the first three alternatives. 

Physicians are, on the whole, more higldy evolved etliically than many other 
groups. Furthermore, the doctor j.s in le-s.s conflict with current politico-social 
trends than are others. The future will bring fewer ba.sic changes in medicine 
than m other field-s. ' 
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Each of us will find his function in one or another of these categories, and 
each will be doing his part to preserve the huinun race from deterioration. ^\e 
arc fortunate in that none of the .schedules calls for wanton destruction of our 
fellow men, although this is mandatory for others, if humanity is to i)ersevere. 
Nevertheless, we should he willing to figlit, with arms if necessary, for that which 
we Ivuow to be best for the human race. Tochi}*, Hell hereafter disturbs us not at 
all. But Hell on earth is at our doorstep. Let us all become members of the 
new religion of science, the religion of moral and intellectual decency; a religion 
which is so jealous of human iJrogrcss that it is willing to destroy ruthle.ssly all 
deteiwents; a religion of ethics, whose decalogue may some day contain no pro- 
hibitions — no ’‘Thou shalt nots” — hut who.se code of human relationships i.s 
summarized in the Engli.sh phrase, “Is it criclcef/” 

It would seem appropriate in closing to read you a few words from an es.say 
on “The Evolution of the Superman,” written many years ago by Dean Victor 
C. Vaughan, who was beloved by all who knew him during his forty years’ serv- 
ice with this School. 

“IMen are mortal but man is immortal. The individual lives are at best 
but a span, but the race continues. Numberle.s.s finites make up the infinite, and 
yet the soundness of the part determines the perfection of the whole.” 

It rests, then, with us as individuals, each to do his part, great or .small, 
in assuring to posterity the continued upward progrc.ss which ethical man has 
striven so laboriously to deserve. 
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CLINICAL AND EXPERIMENTAL 


PHARJIxVCOLOGY OF THYJIOXYETlIYIyDIETHYLxVMINB* 


David B, Cujiesko, M.D., Ph.D., Ediiuxd HoiiuuKOER, axd 
Frederick H. j\Ie.s.ser, Ph.D., Ren'ssel.ver, N. Y. 


T HYJIOXYETHYLDIETHYLAillNE is a phenolic ether with the follow- 
ing chemical structure: 


CHs 

/\ 


0-CHaCH2N(C-.H,-,)2 
CH(CH3)2 


The free base is an oil, insoluble in water. The readily formed hydrochloride 
dissolves in water, a 3 per cent solution having a pH 3.0. Such solutions are 
unstable, primarily because of photosensitivity of the compound; however, 
they may be kept intact for a period of months in sealed ampoules under 
nitrogen and stored in the dark. 

This compound was first described by Anan' who called attention to its 
sympathicolytie properties resembling those of the ergot alkaloids. Asakura“ 
showed that it could inhibit the appearance of the adrenalin-induced hyper- 
glycemia in the intact animal. Bovet and iladerni® showed that thjTnoxyethyl- 
diethylamine, together with a number of other phenolic ethers, was capable of 
producing an ergotoxin-like reversal of the pressor effect of epinephrine on 
anc.sthetized dogs ; this action they attributed to a paralysis of the sympathetic 
end plates. Levy and Ditz* made a similar observation on thymoxyethyldiethyl- 
amine and a number of its substitution compounds, describing the action as 
similar to that of ergotoxin or yohimbine in its ability to cause a reversal of the 
usual epinephrine effects. 

Okazaki’- “ has given a detailed description of the pharmacologie prop- 
erties of the methyl homologue of this compound, thymoxyethyldimethjdamine. 
He points out that the compound has an effect as potent as that of ergotamine 
on the i.solated rabbit uteras, that it is considerably less toxic than ergotamine 
(frogs), and that it is capable of causing a reversal of the typical adrenalin 
pressor effect. xVccording to StaubJ this compound is in use in Japan as a 
therapeutic agent under the name “Tostramin.” 

Another closely allied substance, the diethylamine ethyl ether of 
2-motho xy-6-all.vl-phenol, has been described by Eieholtz,* and by Schmidt and 
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Scholl, “ uudei' the proju'letary name “Ciravitol,’’ aiul has been used eliaieally 
as an oxytocic a^eiit in the treatment ot uterine inertia, etc. 

Fourncau and his co-workers'"’*- pointed out that certain phenolic ethers, 
particularly thymoxyethyldiethylamiiie, have the capacity ot' counteracting the 
effects of histamine, both in vitro and in vivo. The typical hi.staniine-induced 
contractions of isolated smooth mu.sele could he inhibited l)y the previous addi- 
tion of this compound to the bath Iluid, and guinea pigs could be protected 
from the pai’cnteral administration of two lethal do.ses of histamine by the previ- 
ous subcutaneous administration of do.ses of 40 mg. per kilogram of the thymol 
derivative. Similar doses could also .save sensitized guinea pigs from lethal 
doses of horse serum which i)i-oduced fatal anaphylactic shock in unprotected 
animals." This protection was achieved without intluencing the .sen.sitir.ing- 
desensitizing mechanism, for such animals behaved in the .same way as controls 
when a subseriuent precipitating dose of horse serum was ailministcred .some 
days after the administration of the thymo.xyethyldiethylamine. 



Fig. 1. — Loop ot guinea pig jejunum In Webster’s .solution containing atropine. The nor- 
mal response to the addition of I 7 of histamine to the bath Huld, followed by a wash and the 
addition of 0.4 c.c. of a 0.01 per cent solution of thyino-xyethyldlethylamlne. The normal hisui- 
mine response Is only observed after ly of histamine h.avo been added. The preparation is 
washed, and the response to 1-/ of hi.stuminc Is again obtained. The addition of 0.2 c.^. 0‘ 
thymoxyethyidlethylaniine causes an immediate relaxation of the contraction inaugur.ated 0 } 
the histamine, and another normal histamine response is evoked .after the addition of 2v to the 
bath. 


More recently, Rosenthal and ilinard," iind Lambert and Rosenthal,''’ 
have described tliymo.xyethyldictbylaminc as having a .specific protective action 
against histamine and have used this observation to support their thesis that it 
is the local liberation of histamine which gives rise to the scnsiition of cutaneous 
pain. They have described tliymoxyethyldiethylamiuo as possessing a local 
anesthetic action of about twice the potency of novocaine, but have failed to 
mention the intense local reactions resulting from the subentaueons administra- 
tion of this substance. We have re]ieatedl.v observed local edema, local necrosis, 
and sloughs following the subcutaneous administration of 1 per cent solutions. 
Staiib has also called attention to this local effect and has pointed out that one 
drop of a 1 per cent solution will caxise persistent congestion and lacrimation 
when placed on the rabbit’s conjunctiva, and that urticarial papules may be 
produced when the material is passed through tlie skin by iontophoresis. 

Staub has shown that thymoxyethyldiethylamiiie is capable of inhibiting 
the response of the isolated loop of guinea pig jejunum to doses of histamine 
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which would ordinarily induce maximal contractions. We have also observed 
this effect and have found that a quantitative relationship exists between the 
amount of histamine inhilhted and tlic amount of thymoxyethyldiethylamine 
present. Thus, as illustrated in Fig. 1, doubling the amount of thymoxy- 
g|-jiy]^(^jQ^liy^jjniine added to the bath doubles the amount of histamine antagonized. 
Staub has shown that thymoxyethyldiethylamine not only inhibits the oxytocic 
effect of histamine but also causes almost complete inhibition of the normal 
response of acetylcholine and a suppression of the normal response to barium 
chloride. Rosenthal and Jlinard, however, claim that the antagonistic action 
of thymoxyethyldiethylamine for histamine is specific, and that small doses, 
capable of causing complete suppre.ssion of the isolated preparation’s response 




Fiff. 2. — Loop of guinea pig jejunum in Webster’s solution containing atropine, A maximal 
response is elicited by the addition of ly of histamine to the bath. The addition of 0.1 c.c. of a 
0.01 per cent solution of thymoxyethyldiethylamine causes immediate relaxation of the muscle. 
The preparation is washed, and a second contraction is initiated by the addition of 20 mg. of 
barium chloride. Helaxation occurs immediately when the same quantity of thymoxyethyldi- 
ethylamine is added to the bath. 


to histamine, have little or no effect on the contractions resulting from the addi- 
tion of barium chloride, acetylcholine, sodium sulfoeyanide, potassium cliloride, 
or tyi-amine to the bath fluid. Our results do not bear this out, but are in 
closer agreement with those of Staub. AVe have found that quantities of the 
thymol derivative which will cause suppression of histamine contractions of 
the isolated gut will also render that preparation incapable of responding to 
barium chloride, and that concentrations which rvill cause immediate .'relaxa- 
tion of smooth muscle after histamine stimulation will have a similar effect on 
contractions resulting from the administration of barium chloride. This ob- 
servation is not compatible with any claim for specific antihistamine action. 
Sufficiently high concentrations of most spasmolytic or narcotic agents wiU 
curtail or completely inhibit the responsiveness of smooth muscle to oxytocins. 
Katz'“ has pointed out the fact that chloral hydrate, urethane, and etlier will 
inhibit the response of smooth muscle to histamine. Downs and one of us 
(D. R. C.)" have .shown that dibromoethylene behaves similarlv with respect 
to histamine and the ergot alkaloids, but does not inliibit the contractions in- 



292 


THE jOritNAE 01' I.AUOHATOHY AND i;i,fNU;AI. MKDit'I.NK 


itiateci by tho addition of pituilfin. This does nut mean lliat. these stibstaute.s 
liave a speei/ie antiliistamine eft'ect, but rather tliat the musele tibers arc 
narcotized, or rendered ineapable of responding,' to oxytocic stimuli. We are 
of tho opinion that this is eipialty true of thynio.xyethyldiefhylamine. 



Mt$ 

v- • ■ J ' 



Pig. 3. — Cat under sodium barUital anosthesia. Uccord or carotid blood pressure, sastric 
contractions, and respirations. Time in llve-sccoml Intervals. The fall in the blood pressure and 
the contraction oC the smooth muscle lesullint: from the administration of O.av of histamine per 
kilosrani arc first recorded. Tliis is followed by the Intravenou-s administration of tliymoxy- 
ethyldlethylaniine (5 ing. per Uilogram) which causes the death of the animal. 

The parenteral adiiiiiiLstration of tliymoxyethykliethylamiue to intact ani- 
mals gives rise to a number of dramatic effects. To begin with, the compound 
is quite toxic. Staxib gives tlie toxicity in Table I. She jioints out that toxie 



T.VUt.K I 


animal 

M. I„ P. 

-MG./KR.) 

SriJClTAKKOrs 

IN'TUAVKNOUS 

Guinea pig 

zoo 

20 

Mouse 

500 

25 

Rabbit 

200 

25 


symptoms occur after tlie admiuistratiou of doses as small as 10 per cent of the 
minimal lethal dose. We have obsei'ved fatal outcomes from the administration 
of doses as small as d mg. per kilogram intravenously to eats imder sodium 
barbital ancstliesia. The first effect is a slowing of tlie respiratory riiythm asso- 
ciated with a diminution in the amplitude of the respiratoiy movements. Tliis 
is followed immediately by a precipitous fall in the blood pressure which is 
maintained at the shock level for about one minute. During this time apnea 
sets in. When the apnea has become complete, the heart fails and the blood 
pressure falls to zero. 
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It should be pointed out that the vasomotor system is rendered incapable of 
responding to potent stimulation during the time the blood pressure is at the 
shock level, for the administration of epinephrine in doses as large as 0.5 c.c. 
of a 1 :10,000 dilution failed to evoke a significant response. 

The intravenous lethal dose was determined for adult male rats, weighing 
between 350 and 400 Gm. The results, which are shown in Table II, are of 
the same order as those described by Staub. 


Table n 


number 

OP 

ANIilALS 

DOSE 



RESUIVTS 

(mg./kg.) 

RECOVERED 

DIED 

NOTES 

2 

3.0 

2 

0 

Nil 

2 

6.0 

2 

0 

Nil 

o 

7.0 

0 

0 

Nil 

4 

9.0 

4 

Q 

1 

Convulsive movements during and immediately 
after administration. Eapid recovery 

2 

12.0 

2 

0 

As above 

2 

13.5 

2 

0 

As above. Harked dyspnea 

2 

15.0 

2 ' 

0 

As above. Symptoms more marked 

5 

16.5 

3 

2 

Deaths from 0.5 to 5 minutes after administra- 
tion 

Dyspnea and convulsions 

10 

18.0 

2 

8 

As above 

3 

19.5 

0 

3- 

As above 


Subcutaneous toxicity was determined on mice, and here again our figures 
agree with those obtained by Staub. Doses as small as 25 mg. per kilogram, 
however, produced marked inflammatory reactions at the sites of injection. 
When the dose level was increased to 100 mg. per kilogram, the inflammatory 
reaction was intense ; the skin and subcutaneous tissues first became erythematous 
and edematous, the skin underwent necrosis, and the involved tissues sloughed 
away. Table III shows the results of the subcutaneous administration of an 
aqueous solution (1 per cent) of thymoxyethyldiethylamine hydrochloride to 
mice. 

Table III 


number 

OP 

DOSE 



RESULTS 

ANIMALS 


RECOVERED 

DIED 

NOTES 

5 

200 

5 

0 

Apathy and dyspnea followed by convulsive 
twitchings. Sloughs at injection sites 

5 

250 

5 

0 

As above 

5 

300 

5 

0 

As above* Symptoms more marked 

5 

350 


3 

As above. Deaths 24 to 4S hours after ad- 
ministration 

5 

400 

1 

4 

As above 


Henry, working with Staub, attempted a clinical trial with this material, 
but found that man did not tolerate it. Within one and one-half houi-s afteh 
the oral administration of doses as small as 1.5 mg. patients complained of a 
sequence of disturbing side reactions. The voluntary muscles became stiff and 
sore, those muscles which had been fatigued by previous exercise bein«^ the first 
to be involved. This was followed by dyspnea and dysphagia, hyperesthesia 
of the skill, and lowered blood pressure. In one individual the dyspnea was 
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sufficiently marked to cause a feelinjr of suffocation of sufticiont intensity as to 
give rise to eoiisiderablo anxiety. In tiiLs patient the toxic reactions persisted 
for three hours. Increasing tJie do.se caased an exacerhation of the symptoms 
previously desci’ibed. Wlien the level reached 20 ing., the muscle “stiffness" 
became acute muscular pain, the dyspnea was intensitied, and nausea and vomit- 
ing occurred. The patients suffered from such intense headache that they were 
unable to maintain an erect posture. 

Staub showed that guinea pigs may be protected from two lethal doses oi 
paz'enterally administered iiistamine if a previous subcutaneous injection of 
40 mg. per Idlogram of tlrymoxyelhyldictliylamine had been administered. We 
have been able to verify this observation. 



Fig. i . — Cat under sodium barbital anesthesia. Uecord of carotid biood pressure, 
contractions, and respiration. Time in av'-.-'-ind intervals. The fail In blood pressure and the 
contraction of the ■ ■ ■ suiting from Hie "“0- 

gram of hiatamlne ■ . ■ . ‘ . jilowoa by the au ■ ; ■ . of a 

mg, per kilogram < . i . -i The fall in tin, tiom 

the subsequent adminlstraUon of the same dose of histamine is not affected. 

The thymol derivative has no effect on histamine in vitro; that is, it will 
not combine wth histamine to produce an inactive compound, nor will it con- 
vert it to an inert form. This is demonstrated by tlie following experiment: 

Fifty milligrams of thymoxyethyidiethylamine were added to 100 c.e, of a 
phosphate buffer solution at pH 7,4, containing 1 mg. of lustamine monobydro- 
ehloride. This system was thoroughly o.\-ygeuated and incubated at 37° 0. for 
twenty-four hours, during which time it Avas under continuous agitation. -At 
the end of this time the solution pi’oduced eharaeteristie vasomotor responses 
in the intact eat, which differed in no way from those evoked by the administra- 
tion of an equal quantity of untreated histamine. Under the same conditions, 
one unit of histaminase (Torantil) will inactivate 1 mg. of histamine mono- 
hydrochloride. 

When the compound is administered subcutaneously to the intact anes- 
thetized animal, a number of reactions occur Avhieh are dependent on the size 
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of the dose. Doses up to 10 mg. per kilogram produce no apparent effect. ^ There 
is a slight fall in the blood pressure, but there is no effect on the respiratory- 
rate or rhythm. The lowering of the blood pressure by smaU doses of histamine 
is not altered by this order of dose. 



Fig. 5. — Cat under sodium barbital anesthesia. Record of gastric contractions, carotid 
blood pressure, and respirations. Tim© in flV6-second intervals. The administration of 20 
per kilogram of thymoxyeUiyldiethylamine causes a profound loss of tonus in the smooth 
muscle of the gut. The vasomotor reaction to ly of histamine is markedly diminished, hut not 
completely abolished. 



Fig. 6. — Cat under sodium barbital anesthesia. Record of gastric contractions, carotid 
blood pressure, and respiration. Time in five-second intervals. The normal response to Xy of 
histamine Is first recorded. This is followed by the subcutaneous administration of thymoxyeth- 
yldlethylamine (30 mg. per kilogram) which causes a definite fall in the blood pressure. 
Within three minutes the effect of ly of histamine has been abolished. One hour later the 
administration of 0.1 c.c. of a 1:10,000 solution of epinephrine produced no significant elevation 
of the blood pressure. Two hours after the administration of the thymoxyethyldiethylamine, 
IOy of histamine produced no significant fall in the blood pressure, and 0.2 c.c. of epinephrine 
caused no rise in the blood pressure. 


Increa.sing the dose to 20 mg. per kilogram causes a more marked fall in 
the systemic blood pressiu’e which is associated with a slight increase in the 
respiratory rate. The most prominent effect of doses of this order is the marked 
loss in tonus of the smooth muscle. At this time the reaction to standardized 
doses of histamine is markedly reduced, but not completely abolished. 

If the dose of thymoxyethyldiethylamine is increased to 30 mg. per kilo- 
gram, the fall in the blood pressure is more marked and the effects of°small doses 
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of liistamine (1 to 5 y) are almost completely obliterated. This apj)lies not only 
to the fall in the sy.stemie blood pressure normally associated with the admin- 
istration of such doses of histamine, but also to its .stimulating action on 
smooth muscle. 

It should be pointed out tliat at this time the peripheral paralysis of tlie 
vasomotor system is so complete that it becomes impo.ssible to evoke a normal 
epinephrine response. 


t 



Fig. 7. — Cat under sodium barbital anesthesia. Record of respiratory movements, gastric 
contractions, and carotid blood pressure. (Blood pre.s.sure recorded on membrane manometeiai 
Time in ftve-second intervals. Normal responses to epinephrine and histamine are 
the subcutaneous administration of th>nno.\yethyldlelh.vlamlnc (30 mg. per kilogram), 
causes a progressive fall in tlio blood pres.sure and results in deatli. Tliero is no response «> 
0.1 c.c. of epinephrine (1:10.000). and a delayed, feeble response to 0.5 c.c. of epinephrine. 


We liave desci'ibed cliaracteristic respon-ses to thymoxyethyddiethylaiiiiac, 
but these do not invariably result from the administration of this compound. 
We have at times seen fatal rcspomscs resulting from the subcutaneous admin- 
istration of doses of this order which liavc not been associated with any modi- 
fication of the usual histamine action on the vasomotor system. 

SUMMARY 

1. Thymoxyethyldiethylamine can inhibit the oxytocic effect of liistainine 
in vitro. This action is not specific for histamine, for it -will also inhibit the 
oxytocic effect of bai-ium chloride. 

2. Thymoxyethyldiethylamine can inhibit the fall in blood pressure in the 
cat resulting from the intravenous administration of histamine. Doses ivliich 
are capable of producing this reaction cause a fall in the blood pressure and 
produce an ergotoxine-like reversal of the pressor effect of epinephrine. 

3. Thymoxyethyldiethylamine can protect guinea pigs from the parenteral 
administration of two lethal doses of histamuie. 

4. Thymoxyethyldiethylamine has no inactivating effect on histamine in 
vitro. 

5. Thymoxyethj'ldietliylamine is very toxic and liighly irritant. 
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MENOPAUSE ARTHRALGIA® 


With a Preliminary Report on the Use of Stilbestkol 


AVilliam Tv. ISHii.vEL, ALU., Okl.vhom.v City, Okl.\, 


'Y’HE diagnosis of menopause arthralgia could M-ell he .summed up as 

“A female, fat and forty-four 
AVho frowns from feverish knees. 

She ‘fans in church,’ her arms are sore, 

For hot flashes and flushes that freeze.’” 


Seriously, this group of patient.s, whose symptoms are proliably more annov- 
mg than pathologic in the early phase, do many time.s lead to a painful crinnliii'^ 
condition 01 the weight-hearing joints later, as is borne out l,y histories obtained 
fielder women who date tlieir symptoms back to around the age of the meno- 

l.om/Sr 0-' Oklnhmna School of Mcaicmo. Ohia- 

iJfCcivutl for l>ubllc;iliun, Octol>t;r 19-10 
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pause. At the present time eomplete clinieiil remissions are e.’epeeled in the 
average patient who has received the diagno.si.s ot menopause arthralgia. Should 
one of these patients fail to re.spond to treatment, we are more apt to question 
our diagnosis than the elTieacy of the present established treatment. 

Although the syndrome of joint and muscle pain, which occasionally accom- 
panies or follows the artificial or the natural menopause, has never been widely 
accepted as a definite pathologic entity, nor the mechanism by which it takes 
place clearly demonstrated, the results from trciitment of tliis .syndrome certainly 
warrant grouping this type of rheumatic disease for special treatment. Francis 
Hall,* in his monograph on menopau.se arthralgia, has most abl.v described tliis 
syndrome and reports gratifying results in treatment from the use of estrogenic 
materials. In di.scussing one of Ifall’s i)aper.s- on this subject, P’ * suggested 
the use of 10 c.c. of autohemotherapy reinforced with 101 dcgi'ees of artificial 
fever for one hour, together with the estrogenic materials in the treatment of 
those patients who fail to respond to the estrogenic materials alone. My 
results from the use of estrin compounds compare favorably to those reported 
by Dr. Hall. 

PLAN OP TKE.VTAIENT 

In the series reported here the following plan of management was applied 
to those carefully selected patients classed as menopause arthralgia: 

A. General Supportive Pleasures: 

1. Diet: Low carbohydrate, high vitamin on those patients who are 
overweight; otherwise a normal, well-balanced diet. 

2. Avoidance of traumatic factors; this involves a myriad of things, 
such as general and local rest, proper shoes, avoidance of occupa- 
tional strains, posture, etc. 

3. Avoidance of climatic faelows, such as cold, dampness, drafts, wet 
hands and feet, exposure, etc. 

4. Foci of infections ; these to be left intact throughout the active treat- 
ment or while rheumatic symptoms are present. 

5. Supplementary vitamins; these to be used on patients who present a 
clinical deficiency. In this series the use of the vitamin B complex 
was most frequently indicated, especially in the group seen at the 
Arthritic Clinic at the Oklahoma University Hospital and the School 
of Hedieine. Several of this group wore diagnosed as having clinical 
pellagi’a. 

6. Correction of disturbed or abnormal systems present, such as metab- 
olism, gastrointestinal function, emotional stress, posture, and other 
pertinent factors affecting the patient’s normal health. 

7. Belief of pain. 

B. “Specific” Measures: 

1. In this phase the patients were divided into groups : 

(1) Injectable estrogenic hormone used in 60 patients who received 
an average of 10,000 units twice weeldj^ over an average period 
of from four to ten weeks. 
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(2) Estrogenic lionnone given bj’- mouth oi' by insertion into the 
vagina. Thirty-four patients received 0.12 mg. in capsule form 
dailj" for an average period of four weelis. 

(3) StUbestrol (diliydroxy alpha, beta diethylstilbene) by subcuta- 
neous injections ; 60 patients received an avei'age dose of 0.25 
mg. (7,500 international units) twice weekly for an average 
of from four to ten weelis. 

(4) StUbestrol by mouth : 30 patients received 1 mg. in tablet form 
averaging from every two to four days. 

(5) Autohemotherapy: As mentioned, this measure was supple- 
mented only in those patients in whom the pathology had reached 
an advanced degree or who had failed to respond to the estrin 
or StUbestrol therapy alone. 

(6) Artificial fever; As Avith the autohemotherapy, this measure is 
employed in those patients who have failed to respond to the 
estrin hormone or stilbestrol alone. 


C. Physical Therapy Measures : 

The same principles were applied here as in the other rheumatic phe- 
nomena. As a rule, the menopause arthritis patients have a lowered basal 
metabolism, and it is desirable to use measures which have a stimulating 
effect on the general metabolism. The more commonly used modalities 
are listed ; 

1. Heat : Local and general application. Except in the acute cases heat 
is usually followed with a brief application of cold. "Warm baths 
of from fifteen to thirty minutes followed with a brief cold shower; 
contrast baths, hot paraffin, short wave, and hot fomentations, were 
helpful. 

D. Orthopedic Measures : 

1- Splinting and rest of acute areas. 

2. Support where indicated. It is necessary to pay close attention to 
this phase of the management. It involves such featiu'es as splints, 
shoes, braces, and corsets. The Imee is possibly one of the most im- 
portant joints in that it is most frequentls" involved ; once the disease 
process is started, it leads to degeneration of the joint. In our 
experience, the application of a leather knee cage hraee reinforced 
ivith metal supports on each side hinged at the Icnee, has been most 
useful. 

RESULTS 


The results in tlie.se eases are listed in Table I. Briefly, they can be summed 
up as follows: 

1. Sixty patients received stilbestrol by injection. In this group SO per 
cent have had complete remission, 15 per cent improved, and 5 per cent failed 
to respond. 

2 Thirty patients received stilbestrol by mouth. In this ^roun 77 ner 
mpond cent improved, and 13 per Lnt failed to 
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3. Thirty palient.s wlio Iiiul lioun receiving L‘.str() 5 ,a‘nie iiormoncs were changed 
to stilhestrol therapy. 'Die patieiit.s were not iiiroriiiecl oi tlic eliange. Of these, 
S'2 per cent noticed no elum^e, la per cent .stated they wore better, and 3 per 
cent had increased pain. 

4. Sixty patients in the control gron[> received estrogenic liorinones by in- 
jection. Of tlie.se, 85 per cent liad eoiojilete remi.ssion, 10 per cent were im- 
jiroved, and 8 per cent failed to improve. 

5. Thirty-four patients received e.sfrogcnie matorial.s by mouth. Of tiie.se, 
30 per cent liad reiiii.ssion, 35.1 per cent were improved, and 35 per cent failed 
to improve. 

It is interesting to note tliat tho.se patients wlio liad remi.ssion of rlieiunatie 
symptoms also had remi.ssion of the other .symjitoms accompanying tlie meno- 
pause. It is also interesting to observe that whereas the estrogenic material 
given by moutli failed as a whole to control the .symptoms, the stilbestrol by 
mouth was largely aderiuate. Experience proved, however, that wlieii stil- 
bestrol is given by mouth, it is bettor to u.se 0.5 mg. instead of I mg., and that 
the tablets should be enteric coated. In the average ea.se, the patient re.sponded 
better if the stilbestrol was given daily. These measures largely eliminated 
the major complication, which was nausea. 


T.VUI.E I 


THERAVY 

USED 

xe.MiiEi: 

or 

r.vTiK.vrs 

IIEMISSION’ 

IMI’KOVKD 

r.s'iMraovEP 

coitri.io.\Tioss 
or. SIDE 
.\CTIO.VS 

1 . 

Stilbestrol by injec- 
tion 

GO 

4.S patients 
or 80% 

0 patients 
or 15 % 

3 patients 
or 5% 

Nausea 17% 

Sore breasts 5% 
Vertigo 1 . 5 % 

2. 

Estrin by iDjection 

00 

40 patients 
or S2% 

G patients 
or 10% 

5 i)atieuts 
or 8% 

Nausea 2% 

Sore breasts -1% 
I’ertigo none 

a. 

Stilbestrol by mouth 

Hi 

23 patients 
or 77 % 

3 patients 
or 10% 

0 patients 
or 13% 

Nausea 10% 

Sore breasts 5% 
Vertigo 1.0% 

4. 

E.strin by mouth 

3-1 

10 patients 
or 20.4% 


12 patients 
or 35.3% 

None 

5. 

Autohemotherapy 
with estrin 

14 

12 patients 
or 85% 

1 patient 
or 12.5% 

I patient 
or 12.5% 


6. 

Combined autohemo- 
therapy aud fever 

15 

12 patients 
or 80% 

1 patient 
or 0% 




DISCUSSION 

The stilbene derivatives have been under careful experimental observation 
for the past six years. In 1934 Cook, Dodds, Ilewett, and Lawson'^ described 
the estrogenic activity of a series of phenanthrene and dibenzanthracene com- 
pounds. It was shown that these substances can replace estrone in every way. 
In 1938 Dodds and Lawson® demonstrated that dihydro.xystilbene had definite 
estrogenic activity. 

More investigations were continued and the potent substance, 4,4; di- 
hydroxydiethylstilbene (diethylstilbene stilbestrol), was diseovered.^-i" 
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Extensive pharmacologic tests of stilbestrol have been carried out on ex- 
perimental animals, and the following facts have been established: 

1. Gesehiekter,^^ in 1939, in discussing mammary carcinoma in the rat with 
metastasis induced by estrogen, suggests that “the mammary cancel's induced 
in the rats by the injection of estrogenic substances are due to the physiologic 
changes produced rather than to the caneerogenie nature of the chemicals used. ’ ’ 

2. Selye,^“ in 1939, in reporting on the toxicity of stilbestrol, concluded: 
“Experiments on the mouse and the rat indicate that when given in very high 
doses both estrodiol and diethyl stilbestrol may exert toxic effects. In the 
mouse, death may occur under the induence of such estrogens,” 

3. Eoeser,” in 1939, in reporting on the clinical effect of diethylstil- 
bestrol, states that this product has a marked substitution action in various 
forms of ovarian insuffieieueies, but that 6 of the 15 patients in whom it was 
used had nausea or vomiting, 

4. Others, MacGregor,*^ Bishop, Boycott, and Zuelverman,'^’ 'Wintex'ton,^'’ 
Kellar and Sutherland,*^ Eees,*® Karnaky,*® Bhrhardt, Kramann, and Schafer®® 
in 1939 reported favorably on the use of stilbestrol. Karnaky*® states that it 
is as potent when given by mouth as by injection and that no toxic effects were 
felt. Varanget,®* reporting in tlie 1939 literature, however, advises against 
its use. 

In the 1940 literature 33 papers were published from Januaiy to June. 
Of these, I was able to obtain 15. In these, 12 of the authors®®"®® advise the use 
of stilbestrol, while 3 of them®*"®® advise against its use. The universal objec- 
tion is chiefly the side action of nausea and epigastric pain. 

In our series 10 patients (17 per cent) complained of nausea. In all these, 
however, the drug was continued at a reduced dosage. In only one patient was 
it necessary to discontinue the dx’iig. In nsing this preparation, hoAvevei', all 
tile factors contraindicating the use of the estrins must be closely observed 
and followed. 

The terminology of stilbestrol is somewhat confusing due to the sjuionyms 
used. Diethylstilbestrol, 5,5, dihydroxydiethylstilbene, and diethylstilbene are 
used. The empirical formula is CisHsoOa. The structural formula: 

C3II5 C2H5 


c 

C 

/V 

/'\ 

HC CH 

HC CH 

1 1 

HC CH 

j 1 

HC CH 



C 

i 

C 

OH 

1 

OH 


.Mil Honhygroscopic powder. Lc.ss than 1 nm 

! n “u . I' in most organic solvents and 

lu xtgctahle oils. It is .soluble in alkali hydroxides. 
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COXCtAJSIONS 

1. Forty-eiglit patients (SO per eeat) diagnosecl as liaving menopause 
arthralgia had satisfactory remissions following the injections of stilbestrol used 
in eonjunction witli other supportive measures. 

2. Forty-nine i)atients (S2 per cent) as controls responded satisfactorily 
to estrin injections along with tlio .same supportive measures. 

3. In 30 patients stilhestrol was .suecc-ssfully substituted for estrin with 
only 3 per cent luiving return of original symptoms. 

4. Twenty-three patients (77 per cent) receiving stilbestrol by mouth had 
clinical remi.ssion as compared to .10 patients (30 j)er cent) who received estrin 
that reisponded by clinical remission. 

If the foregoing findings are borne out by later investigators, and if com- 
plications not yet detected in the patient do not make their appearance, stil- 
bestrol should supplant the use of the estrogenic hormone for two reasons; (1) 
It is effective wJien given orally. (2) The cost to the patient is greatly reduced. 
In considering the fact tliat tlie treatment is largely substitutional and must 
be eontinued for a comparatively long period of time, these two factors would 
justify the use of .stilbestrol. 
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CARDIAC DEPRESSION BY MERCURIAL DIURETICS* 


Robert L. Johnston, M.D., Cincinnati, Ohio 


I N VIEW OP the fact that mercurial diuretics are often used in cases of edema 
and dropsy of cardiac origin, these experiments were pei’formed on isolated 
turtle hearts to ascertain whether impaired cardiac action may follow their use 
in concentrations which prevail therapeutically, and to note the antidotal effect 
of sodium thiosulfate and certain cardiac stimulants. 

A review of the abundant literature is not intended, but certain papers are 
cited for their pertinent interest. Salant and Kleitman^ in 1922 studied the 
action of mercurial salts on the Iiearts of intact eats and dogs, and on the isolated 
hearts of frogs and turtles. Turtle hearts developed delirium cordis after 
twelve minutes of perfusion with mercm-ic chloride, one part in one million. 
This persisted for more than twenty minutes during subsequent perfusion i\nth 
Ringer’s solution. Similar effects were observed on the hearts of cats under 
urethane anesthesia, but of sliorter duration. Wolf= in 1932, Molnar^ in 1935 
and Greenwald and Jacobson^ in 1937, report cases of sudden death following 
the ad ministration of mercurial diuretics to patients. Deatlis following- the 

Clncinn^tr Physlolo^-. the Univemitj' of Cinciimatl College of Jlediclne. 

Uccu'ivcd for publication, Xo%'ember 6, 1940. 
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therapeutic adinini-stratioa of calomel are reported by Backer' in 1921, Burnet 
and Postal" in 1924, and J’dvoa' iu 1927. 

METHOD 

Kinger’s solution willi the pll atljustcd between 7.2 and 7.4 served as the 
vehicle of perfusion for all drug.s used. Tlie apparatus ajid technique were the 
same as used in i)revious publications.^ .Solutions of tlic mercurial diurcties, 
salyrgan and mcreupnrin, were prepared by diluting the 1 e.c. eoinniereial 
ampoules. Tlie most freciuently u.sed concentration in this study, 0.01 e.c. per 
100 c.c. of Kinger’s .solution, had a meremy content of one i)art in 300,000. 


UICSUI.'IS 


In the cliarts the ordinates indicate by black dots the heights of cardiac 
contractions as written by the lever on the smoked drum, wliile the vertical 
columns indicate relatively the cardiac work done in terms of stroke distance 
per minute (iM.S.D.) ; the ligures in the ab.sei,s.sa indicate the perfusion time in 
minutes. 

SALYRGAM.OI ee. 



SALYROAN .OIcc.% 
GLYCINE .5% 


SALYRGAN .02 tc. S 
of Contract 




70 

60 

SO 

SO 

20 

JO 


PiSTS. 1-6. — FIs. 1 shows height of contractions incrcasetl by givcinc in the presence of 
salyrgan. 0.01 c.c. per 100 c.c. of Ringer’.s solution, but due to the slowed heart rate caused by 
salyrgan the cardiac work (il.S.D.) is decreased. 

Fig. 2, both tlie height of contractions and the rate are decreased by sal>'rgan, 0.01 c-c. 
per 100 C.C., in tlie presence of coraniine. but sodium thiosulfate causes iniiiicdiate recoveiy* 

Pig. 3. salyrgan, 0.01 c.c. per 100 c.a, decreased the height of contractions in 9 of H 
experiments. 

Fig. 4» anotlier experiment similar to Fig, 1. 

Fig. 5, height of contractions decreased in 5 of G experiments by salyrgan, 0.02 c.c. 
per 100 c.c. 

Fig. 6, salyrgan, 0.04 c.c. per 100 c.c., quickly brought height of contractions to zero; 
added sodium thiosulfate caused immediate recovery. 

Salyrgan. Figs. 1 and 4 sliow that sal^n-gan perfused in a eoueeutration 
of b.Ol e.c. per 100 c.e. in the presenee of a eardiac stimulant (glycine 0.5 Gin. 
per cent) increased the height of contractions but decreased the cardiac work 
(M.S.D.). 
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Fig. 2 indicates that both the height of contractions and the iil.S.D. are 
decreased by salyrgan, 0.01 c.e. per 100 c.c., in the presence of anotlier cardiac- 
stimulant (coramine 25 mg. per cent). Recovery is prompt -with the addition 
of sodium thiosulfate, 10 mg. per cent, to the perfusate. 

Fig. 3 shows 11 experiments wherein the same concentration of salyrgan 
was perfused. In nine of these, or- 82 per cent, the height of contractions was 
decreased. 

Fig. 5 shows five experiments wherein 0.02 c.c. per cent of salyrgan was 
perfused. In four of these, or 80 per cent, the height of contractions was 
decreased. 

Fig. 6 shows the decrease in height of contractions caused by perfusion 
Avith salyrgan, 0.04 c.c. per cent, and prompt recovery when sodium thiosulfate 
was added. 

mercuric CHLOR/OE 




MINUTES 


40 000 


1*40 000 



Pigs. 7-9. — Pig. 7 shows effect of mercupur.n. 0.01 c.c. per 100 c.c. of Ringer's solution, 
on height of contractions and cardiac work (>I.S.I5.). 

Pig. 8 shows heights of contractions in 5 experiments wherein mercupurin. 0 01 c c ner 
100 C.C. was perfused. . .or c. . pei 

Pig. 9 shows graphs of 6 perfusion experiments with bichloride of mercury in concentin- 
tions of 1:10.000 to 1:10.000. . . .rurcuua 


Mercupurin. Pig. T shows the results of mercupurin, 0.01 c.c. per cent, 
on the height of contractions and the minute stroke distance. In hotli experi- 
ments the amount of work done (M.S.D.) was decreased, but not to the same 
extent. In one the height of contractions was increased. 

Fig. S shows the heights of contractions of five experiments on hearts per- 
fused with the same concentration of meveupurin. 

Mercuric Chloride. Fig. 9, graphs 1 to 6 inclusive, shows for comparison 
the effect of perfusion of the isolated turtle heart irith bichloride of mercury 
in the concentrations of 1:40,000, 1:20,000, and 1:10,000 in Ringer's .solution. 
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The concentration of 1:40,000 slij^htl}' increa.scd tlie iiciglit of contractions and 
the rate with a consequent increase in the 3I.S.1). The susceptibility of tk 
individual hearts varied, e.g., the concentration of 1 :20,000, graph 5, in one heart 
was more depressing than that of 1 .-10,000, eluirt G, in another heart. 

Mercurous Chloride. Fig 10.it is the second tracing of a heart tracing show- 
ing fully developed delirium cordis by perfusion witli calomel in a concentration 
of 1:10,000, shaken and decanted, and the decanted tluid used as perfusate. 
When Einger’s solution was sulxsequenlly perfused, the irregularity persisted 
for several minutes, the mercury being difficult to wash out ; but when sodium 
thiosulfate was perfused, tlie antidotal effect was immediate. 

Pig. lOE is a specimen tracing from which tlie cliarts of Pig. 2 were derived. 
Notwitlistanding the presence of coraminc, 25 mg. jior 100 c.c. with the mercurial 
diuretic, there was typical mercury depression evidenced by decrease in height 
of contractions followed by partial, then eomiiletc, heart block. Continualioii of 
perfusion with the same solution phis sodium thiosulfate, 10 mg. per 100 c.c., 
resulted in immediate recovery. These tracings, 10.1 and lOE, are shown be- 
cause they typically illustrate the cohesion of mercury salts in the cardiac tissues, 
and that sodium thiosulfate rapidly penetrates the tissues performing its weU- 
Imown antidotal action. 
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Fiff. 10. — A (upper chart) shows the heart tracing: alter the full development of delirium 
cordis by perfusion with decanted Ringer's solution in which calomel 1:10.000 had been shaken. 
The mercury effect was not readily removed by perfusion with Ringer’s solution until sodium 
Oilosulfate was added; whereupon recovery was Immediate. B (lower chart) is the e.vperiment 
from which the graph in Fig. 2 was mathematically derived. 


COMMENT 

That the mercurial diuretics occupy a position of great usefulness in the 
treatment of selected cases of edema and dropsj^ cannot be denied. It is desired 
to emphasize that their effectiveness is due to their mercury content, and that 
their toxicity is not appreciably different from that of a similar concentration 
of mercury in. other forms. No claim is made here that tolerance to mercury is 
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identical in the different species insofar as the cardiac tissues are concerned, 
nor is this research intended to discourage the proper use of the mercurial 
diuretics, under close medical supervision, in suitable cases. 

CONCLUSIONS 

A study was made of the toxic effects of mercurial diuretics and the protec- 
tive effects of various heart stimulants on isolated turtle hearts. 

1. The mercurial diuretics possess a toxicity to the heart with reference 
to their mercury content that is not essentially different from that of inorganic 
mercury compounds. This side action is apart from diuresis and may some- 
times impede it. 

2. The purine derivatives especially, and to some extent certain of the other 
cardiac stimulants, when used in conjunction with mercurial diuretics, some- 
what decreased the toxicity to the heart when the dose of the latter was suf- 
ficiently small to be of low toxicity. These cardiac stimulants, however, had 
relatively little antidotal action, 

3. Sodium thiosulfate perfused through the mercury-poisoned heart in 
complete block rapidly penetrates the tissues and restores the normal force and 
rhythm whether the toxic agent is one of the mercurial diuretics, or calomel, 
or bichloride of mercury. This antidotal action takes place even if the mercury 
compound is continuously perfused in the presence of the antidote. 

Thanks are extended to Dr. JIartin H. Fischer for constructive criticism and suggestions- 
during the conduct of this research. 


REFERENCES 

1. Salant, W., and Kleitman, N.: Action of Mercury, J. Pharmacol. & Exper. Therap. 19: 

315, 1922. 

2. Wolf, I. J., and Bongiorno, H. D.: Sudden Death With Salyrgan, Canad. M. A. J. 25: 

73, 1931. 

3. Molnar, I.: Death Pollowing Intraperitoneal Injection of Novurit, Orvosi hetil. 79: 670, 

1935; Wien. klin. Wchnschr. 14: 239, 1935. 

4. Greenwald, H. IX., and Jacobson, S.: Sudden Death Due to Mercurial Diuretics, J. I'ediat. 

11: 540, 1937. 

5. Backer, K. H.: Fatal Poisoning With Injection of Calomel, Hospitalstid. 64: 737, 1921. 

0. Burnet, N. JI., and Pestal, J.: Fatal Mercurial Poisoning From Calomel, Colorado Med 

21: 313, 1924. 

7. Povoa, H.; Fatal Case Due to Calomel, BrasU-med. 41: 1348, 1927; see also Jovoa H.: 

Arch, de med., cir. y espec. 29: 719, 1928. ’ 

8. Salant, W., and Jolinston, R. L.: Response of Frog Isolated Heart to Changes in Hydrogen- 

Ion Concentration and Adrenalin, J. Pharmacol. & Exper. Therap. 23: 373 1924^ 



THE EFFECT OF SUPPl.E.MENTAL AMYLASE OX DIOESTION* 
J. M. Peazem,, Pii.d., Cihcaoo, III. 


TUDG^Ct irom tlie comments in many textbooks of materia mediea and thera- 
J peutics It must be concluded tl.al, at tJ.e present time, most authoi^i question 

bt rS'i .'T'” ! i" P»“. “ "port 

™ “ <l"«lioiU.ai,c perlainins lo H.c value o£ cliges. 

tne enzj'mes, to a representative group of gastroenterologists. On the basis 

eonelude that at tlie time of l.is survey, tiiese 
agents A\cie ot minor importance in therapeutics. 

pstepm in ^®'“<‘l'Lons apjiear to be largely responsible for the low 

(b) in most 

e™ SoM 1 Hie adiuiuistered 

hercorpnts ^'astric juice. That both of 

shml I ‘-••stablished conclusivelv. It has been 

pre™nted^from *i 1 T""''* been 

i lue inusiinc that enzyme therapy e.xert.s a potent 

f ^r'7 

™ ... ^ ancitas pieparations augment the couceii- 

trution of giizvidos in the miri T\»xr c? i • ^i. t -r^ 

thnt wi,on n,.nn .1 1 ^'T, Scluiiidt, niid BcazelP liave shown 

at, when pzoper y administered, approximately S5 per cent of imw’sted enzyme 

r:aehes the intestine in an active form. More recently, Beazell, itir-d 

saorSw, n/tb ■"■I'v'Kg Ivom » voniplclc suppre.™,, of (ho o.vtonu.l 

quantity of fat and nitrogen elniunaled in the feces bv an avera-e of 63 3 per 

cent and 62 per cent, respectively Further ihn „r '• i ° 

tienta waa gratifying in all caaca.' ' ““ •'>' P”' 

The inveatigation herein discussed ivas undertak-en to test further the 
potcnt,aM.ea of enayiue therapy. It w.ts instituted to provide ans‘v”i to t “o 
problems: (1) What .a the effect of snpplomentary diastase on starch di!es 
to rn the stomach! (2) la that traction of the supple,,, on, aiy diaatas ,rt*l, 
reaches he .nteatme m an active form capable of effective hydrolysis! The 
tot of three two problems has already been attacked by I,y Schmidt and 
Bearell.- They were primarily concerned ivith the effect of diart’ase „7dm ,a,c 

of digestion, rather than on the total quantity of starch digested Fiirtlier 
more, in most of their studies they employed a cereal (farinal as a test meal 
so thei r observations cannot be unequivocally used as a basis for anticipating 
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the effect of supplementaiy diastase in the presence of a mixed meal. For 
these reasons, it appeared desirable to repeat and extend their experiments. 

For a number of reasons taka-diastase®' was chosen as the test en 2 yme prep- 
aration. First, it is a potent diastatie ferment having an activity of 0.96 Will- 
stiitter® and 11,260 Davison* units per gram; second, it is active over a rela- 
tively wide pH range ; and third, in powder form it can be stoi ed indefinitely 
without alteration in activity. 

EFFECT OP TAKA-MASTASE ON GASTRIC DIGESTION IN NORStAI, HTJ5IAN BEINGS 

Uethods.—The details of the experimental methods and calculations have 
been described and discussed in a previous communication.^ Briefly, the experi- 
ment consisted of feeding normal young adult males a meal of linoum composi- 
tion, withdrawing it from the stomach at the end of a specified period of time, 
and determining the ratio of “digested” to “undigested” carbohydrate and, 
in certain experiments, protein in the recovered material. The effect of the 
taka-diastase was determined by comparing the results of one or more control 
experiments with one or more in which taka-diastase was taken ivith the 
standard meal. 

Twelve clinically normal young adult males were used as subjects for the 
experiment. In the initial phases a test meal consisting of 150 Grin, of beef 
steak, 150 Gm. of boiled potatoes, 50 Gm. of green peas, 10 6m. of butter, and 
200 c.c. of water was employed. When used, 2 Gm, of taka-diastase were dis- 
solved in the water which was sipped thi-oughout the meal. Five persons who 
were capable of volmitarily regurgitating the gastric contents for analysis 
were tested ivith this meal. During preliminary experiments it became apparent 
that under the conditions of the experiment taka-diastase effected no augmenta- 
tion of gastric starch digestion. Apparently in these normal healthy human 
beings, the ingestion of an appetizing meal stimulated the flow of sufficient 
saliva to effect maximum digestion so that supplementary amylase liad no 
demonstrable effect. Therefore, in order to determine whether taka-diastase 
was capable of hydrolyzing starch in the stomach, it ivas necessary to have the 
subjects voluntarily induce a salivary deficiency. This wa.s accomplished by 
having them “bolt” the meal, and then during the hour the meal remained 
in the stomach, swallow as little saliva as possible. 

Subsequently, this meal was abandoned in favor of a finely divided homo- 
geneous meal for the following reasons ; (a) Only a limited number of sub- 
jects were capable of cooperating in an experiment re<iuiring regurgitation of 
the meal, (b) By resorting to a finely divided meal it was possible to evacuate 
completely the stomach by means of an Ewald tube, and to (c) determine the 
dilution of the meal by the gastric juice. This latter determination made it 
possible to calculaffi the fraction of the ingested taka-diastase remaining in the 
stomach in an active form at the termination of the experiment, and the frac- 
tion of the digested material recovered from the stomach that represented nre' 
formed digested material contributed by the meal. 

‘Product ot PurKc. Pavis & Co. 
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Tlie fiiieh' divided meal eonsisled of 100 Gin. of ground lean beef and 30 
Gm. of potato .stareli boiled in sunieient water to yield a final volume of 400 
c.c. Twenty milligram.s of plienolsnlfoneplitlialein wa.s dis.solved in tlie water 
used in preparing the meal. The dilution of tlie dye served to determine the 
dilution of the meal by the gastric* juice and saliva. When this meal wa.s em- 
ployed, it was unnecessary to induce a state of artilieial salivary deficiency in 
order to demonstrate augmentation with taka-dia.slase. 

Kesulfs . — The results oiitained willi the unground meal arc summarized in 
Table 1. Of the 5 persons tested. 3 showed a decided increa.se in tlie quantity 
of starch digested in the stomach when taka-diastase was added to the meal, 
and tlie remaining 2 showed no change. Tlie results are significant, since ^Yllen- 
ever a change occurred it was always in favor of more complete digestion when 
taka-diastaso ivas taken with the meal. 
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The results obtained tvith the finely divided meal are summarized in Tables 
II and III. Taka-diastase had no effect on tlie digestion of protein, whicli is 
not surprising since it posse.sscs only' feeble proteolytic activity'. 

In the case of starch digestion, on the oilier hand, taka-diastase effected a 
significant augmentation in all pei-sons -witli a 2 Gm. dose, and in tit least 5 of 
the 8 persons with a 1 Gm. dose. In the cases in wliich duplicate control deter- 
minations -were conducted, satisfactory-- checks were obtained in all persons 
except one. This one w-as also erratic in lii.s response to talca-diastase, a greater 
effect being obtained with 1 Gm. tlian witli 2 Gm. It sliould bo noted, however, 
that in the presence of taka-diastase digestion wms more complete than in either 
of the control experiments. 

In no ease did a significant fraction of the taka-diastase remaining in the 
stomach retain its activity'. 

EFFECT OF TAKA-DIASTASE ON GASTRIC DIGESTION IN THE DOG 

Having established that conditions in the human stomach are not incom- 
patible ivith effective hydrolysis by taka-diastase, it became desirable to study 
its action under circumstances which made it possible to determine total gastric 






















Table II 

Kkfi;ct ok Taka-«ias'i'as£ o.v the Gas-j'kic Digestion of Stakcii in the Nouman Human Subject 

(Finely divifled test meal) 
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digestion. In the studies on the Iraman subjects only the state o£ digestion at 
the end of a specified period of time could be detci'niined. In order to determine 
total digestion in the stomach, a duodenostomy or duodenal fistula must he 
present so that the total gastric discharge can he collected for analysis as it is 
evacuated through the pylorus. Therefore, in 3 dogs the bile rvas diverted to 
the lo\Yer jejunum hy means of a eholccysto jejunostomy, the pancreatic juiee 
was prevented from reaching the intestine by resecting the portion adherent 
to the duodenum, and a duodenostomy was created. By introducing a large 
catheter (28 P) into the duodenum through the fistula, it was possible to col- 
lect the uncontaminated gastric contents as they were evacuated through the 
pylorus. Since the dog’s saliva contains no ptyalin, results in the dog might, 
with justification, he used to predict what would occur in the ptyalin-deficient 
patient. 

Methods . — The meal used in these experiments urns identical to the finely 
divided meal used in the experiments on human beings. In the ease of one ani- 
mal it was necessary to dilute the meal and administer it by means of a stomach 
tube. In the experiments in which taka-diastase was tested, 2 Gm. were mixed 
with the meal immediately before administration. Continuous collection of the 
discharge from the fistula was instituted immediately after the meal veas in- 
gested and continued until the stomach was empty. The material was per- 
mitted to accumulate m the collecting receptacle for periods of thirty minutes 
before being sampled for analysis. The analytical methods have been described 
and discussed previously.^ 

Results . — The results of this experiment are summarized in Table lY. In 
the case of each animal the results represent an average of three control deter- 
minations and three determinations with taka-diastase. It is unnecessary to 
record the results of individual experiments, since the variations were incon- 
sequential. These results reveal the following facts: (1) The fraction of the 
ingested starch digested in the stomach was markedly augmented by taka- 
diastase in all cases. The average for the 3 animals was 7.58 per cent digestion 
without taka-diastase, and 38,9 per cent digestion with taka-diastase. These 
values demonstrate that in the absence of ptyalin, starch digestion in the stom- 
ach is of no significance, and that adequate substitution therapy will reduce 
a large fraction of the starch to simple sugars. (2) The fraction of ingested 
taka-diastase reaching the intestine in an active form is subject to -wide indi- 
vidual variation, heiug dependent on the rate of secretion of acid by the stom- 
ach. In animal h!o. 2, in which the fall in pH approaches that in man, the 
diastase was almost entirely inactivated in the stomach. It must be concluded 
that when administered in this manner the effect of taka-diastase is confined 
almost entirely to the period during which it remains in the stomach. (3) The 
addition of taka-diastase to the test meal had no sigirificant effect on the rate 
of emptying of the stomach. 


KITECT OF T.Uv.V-m.VST.SSE OX ST.VRCEI DIGESTION IX THE SMALL INTESTINE 

Having demonstrated that taka-diastase has a pasitive and significant effect 
on starch digestion in the stomach, the effect of that fraction that escapes 
inactivation by the gastric juice was investigated. ^ 
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3Iet]iods.~Doss were anesthetized with pentobarbital, the abdomen was 
entered through a midline incision, and a sigraent of intestine from 70 to 90 
cm. long was isolated and cannnkted at both ends. The segment was washed 
first with 500 e.c. of Avatcr, then 500 c.c. of tenth-normal hydrochloric acid, and 
then another 500 e.e. of water. From 70 to 100 e.c. of either 3 or 4 per cent 
potato starch paste was then introduced and permitted to remain for one hour. 
The unabsorbed fraction of the paste was permitted to drain out, after which 
the segment was flushed out with 100 c.e. of water, which was collected and 
combined with the residual paste that had been collected. The segment was 
then washed with an additional 500 e.e. of water, and the experiment was 
repeated with 500 mg. of taka-diastase added to the starch paste immediately 
before introduction. The recovered samples were assayed for amylase, and the 
redueing sugar and the pH were determined. 

Table V 


Eitect op Taka-Diastase on Starch Digestion in the Intestine 
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76 
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7 

Q 

.3 

100 
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i T 

3 

100 

100 

1.50 

2.28 

1.14 

38.0 

72 
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•Aa glucose. 


Results . — ^The results of six such experiments are summarized in Table V, 
It will be seen that with the exception of the first two experiments, in which 
pancreatic amylase must have been present in the segment beeanse of inadequate 
initial washing, starch digestion affected by succus enterieus amylase is very 
limited. It is also seen that taka-diastase is very active in the intestine. Fur- 
thermore, the taka-diastase survives one hour in the intestine with only limited 
loss of activity. 

imVECT OP TAILI-DI.VSTASE ON TOTXh DICESTWN OF STOAUCtX PLUS SMALL INTESTINE 

Gastrointestinal digestion has been studied in one patient with a well- 
established ileostomy. In sueh a patient the ileal discharge represents the mate- 
rial which would normally pass into the colon and there be available for bac- 
terial degradation. Sneh a patient offers an ideal “experimental preparation’’ 
for the study of factors affecting the quantity of carbohydrate reaeliing the colon. 
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Methods . — After liaspitalization the patient was placed on a standard 
weighed diet supplying carbohydrate 177 Gni., jrrotein CG Gin., and fat 172 
Gm. for a period of six days. During the first three-day period he received 
the unaugniented diet. During tlie sceoml three-day jicriod he received 2 Gm. 
of taka-diastase, taken in water, with each meal. The entire output of tlie 
ileostomy was collected tluring the entire experimental period. The material 
was transferred as .soon as excreted to airtight bottles containing sufiicient 
alcohol to make the final concent ration 20 per cent. The wet weight, dry 
weight, starch and nitrogen content of the material were determined for each 
twentj'-four-hour jieriod. Amylase a.s.says at pll 7.2 (pancreatic amylase) and 
4.5 (taka-diastase) were carried out during the last two days of taka-diastase 
therapy. 

T.\m.E VI 

Effect of Ta]c.v-Di.\.st.\se ox .SrAitcit and yriTCOCE.x Context of MAXEiaAi, Di-sciiakoed 

FKOit Ir.EO.STOiIV 


DATE 

; WET U'EiriKT 
FECES 

1 DIJY WEICIIT 
KEf’ES 

TOTAL 

STAnciI 

i TOTAL 

NITKOCE.V 

' AMYLASE (' 
UNITS 

pn 1.5 

ivii.t-srATiEr. 

1 C’.C.) 
pu 7.2 


700 

.*»t3 

2.7 

l.oO 

_ 

- 



•It 

;!.s 

l.Sl 

— 

- 




•1..S 

2 

— 

- 



50 

0.0 

1.D2 

- 

- 



•ts 

•t.s 

1.5!) 

0.-15 

l.S 

11/3* 

1 7-10 

4-t 

2.1 

1.70 

0.55 

l.S 


•Taka-diastase (2 Om. ) witli each meal. 


Results . — Tlie results of this study arc summarized in Table VI. It will 
be seen that taka-diastase had no effect either on the nitrogen or on the starch 
lost in the ileal fluid. Tins is not remarkiible when one notes Unit even with- 
out taka-diastase the amylolytic activity of the eollcctcd material was high, as 
demonstrated by the a.ssay, at pll 7.2 where tlie elVeet of the pancreatic amylase 
would dominate that of the taka-diastase. In otlier words, the normal pan- 
creas supplies sufficient secretion to maintain iiotent amylolytic power in the ileal 
contents. It appears, therefore, that tlie .same fraction of ingested starch that 
escapes digestion by pancreatic amylase also escapes digestion by taka-diastase. 

DISCUSSIOX 

It should be clearly understood that the subjects used throughout the 
expei’iments on gastric digestion Avere all licalthy young adults, in wdiom there 
would be no reason to suspect that enzyme supplementation would be of any 
practical value. These experiments rverc undertaken to determine ivliether con- 
ditions in the human stomach are compatible rvith effective hydrolysis by taka- 
diastase. It would not be expected that an enzyme preparation would mark- 
edly augment digestion in the normal stomach. These points are emphasized 
because, in a sense, this type of experimentation presents the ease for enzyme 
therapy in its least favorable light. Enzyme therapy is a form of substitution 
therapy and should be reserved for eases in which an enzyme deficiency, whether 
on the basis of organic disease or poor hygiene, is suspected. 

The fact that taka-diastase had no effect on protein digestion is, of course, 
not unexpected. Taka-diastase possesses only feeble proteolytic activity. The 
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problem rvas investigated for two reasons; First, because, theoretically, by 
Uciuefying the starch paste adherent to the protein particles it seemed possible 
that greater surface area would be exposed to the action of pepsin with con- 
sequent greater digestion. Second, it will be seen on examining Tables I and 
II that almost uniformly the pH was higher when taka-diastase was taken with 
the meal. When this phenomenon was encountered in the earlier experiments, 
it was interpreted as possibly being due to greater bufferuig power resulting 
from more complete hj^drolysis of the protein. As a result, protein as well as 
starch digestion was investigated in the subsequent experiments. Since the 
experimental results failed to substantiate the theory, a satisfactory explana- 
tion for the pH observations is wanting at the present time. Taka-diastase 
has essentially no buffering power, and it seems unlikely that it actively inhibits 
acid secretion. 

The difference between the whole meal and the finely divided meal with 
respect to the magnitude with which taka-diastase supplemented “normal” 
digestion is probably a result of two factors. First, it will be noted (Tables 
I and II) that with the ungroiuid meal the pH of the gastric contents fell 
more slowly. This permitted the ptyalin to act for a longer period so that, 
unaided, “maximum” digestion could be effected. Second, it appears likely 
that the more appetizing ungrovurd meal constituted a more potent stimulant 
for salivary secretion so that larger quantities of ptyalin were available for 
digestion. 

When aided by taka-diastase, gastric starch digestion in the dog was more 
complete than it was in man. This is probably due to the fact that in the dog 
the pH of the gastric contents fell more slowly, thus permitting the taka- 
diastase to act for a longer period. 

Since in the human studies and in the one dog (No. 2) in which acid 
secretion approximated that in man only negligible quantities of taka-diastase 
were recovered from the stomach in an active form, it must be concluded that 
when administered in this manner the effect of taka-diastase is largely confined 
to the pei’iod that it remains in the stomach. However, as has been demon- 
strated by Ivy, Schmidt, and Beazell,^ when half the dose of diastase is admin- 
istered on a full stomach, a large fraction reaches the intestine in an active form. 
The studies on the effect of taka-diastase on digestion in the intestine show that 
the fraction which escapes inactivation in the stomach continues to be effective. 

The failure of the administered diastase to modify digestion in tbe patient 
oath an ileostomy could be anticipated. Both the total nitrogen and tbe total 
carbobj'-drate of the material recovered from the ileostomy corresponded rvith 
normal values for feces. In other words, in this patient, by the time the ter- 
minal ileum had been reached digestion was carried to completion. Thus, sup- 
plementation of the digestive ferments could not have an effect. 


SUIIM.VKV .VXD CONCLUSIONS 


The effect of supplementary amylase on gastric digestion was studied in 
“normal” human subjects and in dogs with duodenal fi.stulas, 

1. When tiie tests on the human subjects were eondneted with an avernr,. 
mixed meal, it was found that taka-diastase liad no effect on digestion unlels 
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an artilicial .salivary in.snfiicioiK'y wa.s imiiu'ctl by liavin.^ the .sul)jeets bolt the 
meal ami then refrain from swaliowin?' saliva. Under tlie.se latter eircum- 
stanee.s laka-diasta.se aiiamented ^aslrie starcdi di.i'e.stion to a .signitiirant extent 
in 3 of 5 subjects. Tlii.s meal wa.s recovered from the stomach by voluntary 
regurgitation on the jiart of the subjects. 

2. With a finely divided mixed meal that could be recovered from the 
stomach by means of an hbvald tube, laica-<liasta.se effectively augmented starch 
dige,stion in all subjects with a 2 (!m. do.s<*, and in a of S subjects with a 1 Gm. 
do.se. With this meal it wa.s unnecc.ssary to induce a .salivaiy deficiency in 
order to demonstrate the elVeet of the enzyme. 

3. In tlie dog the average starch dige.slion without taka'dia.sta.so was 7.53 
per cent and with taka-dia.sla.se it was 3S.‘) ])er eciit. The marked difference 
between the control and taka-dia.sta.se experiment is due to the failure of the 
dog to secrete jityaliii in its .saliva. In this rospeet, results in the dog are in- 
dicative of what might be expected in a patient with a markeil ptyaliii in- 
sufficiency. 


4. Taka-diastase hail no .significant effect on gmstrie protein digestion in 
the human subjects. 

5. Taka-diasfa.se had no signifieant effect on tiio rate of eniptyhig of the 
stomach. 


6. In the experiments on the human subjects the quantity of taka-diastase 
recovered from the stomach in an active form was inconsequential. In the dog, 
the quantity of taka-diastase evacuated from the stomach in an active form 
was a function of the rate of .secretion of acid by the stomach. This shows that 
if it is desired to have the enzyme reach the intestine in an active form, it 
should be administered in water at the eomiiletion of tiic meal, as was shown 
by Ixy, Schmidt, and Beazell.* 

The effect of taka-diasta.se on starch dige.slion in tiie intestine was studied 
by introducing a solution containing a known quantity of .starcli with and 
without taka-diastase into an usolated intestinal loop of an anesthetized dog, 
withdrawing it at the end of an hour, and determining the quantity of reduc- 
ing sugar that had been formed. 

1. Starch digestion without taka-dia.stase was very limited (maximum 4 
per cent). In the presence of taka-dia.sta.se from 16 to 38 per cent of the 
starch was reduced to sugar in the one-hour period. 

2. The taka-diastase survived one liour in the intestine with only a lim- 
ited loss of activity. 

Gastrointestinal starch digestion was studied in one patient with a well- 
established ileostomy. The patient was hospitalized, placed on a standard diet, 
and the entire discharge from the ileostomy was collected for a period of six 
days. During the last three days of the experimental period the diet was 
supplemented xvitli 2 6m. of taka-diastase taken in -water witJi each meal. 

1. Taka-diastase had no etfeet on the quantity of nitrogen or starch lost 
in the ileal discharge. 

2. The potency of the pancreatic amylase in the ileal fluid was about three 
times as great as tliat of the taka-diastase. 
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3. It appears, therefore, that the fraction of ingested starch that escapes 
digestion by amylopsin also eseapes digestion by taka-diastase. 
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EXPERIMENTAL ASTmL\: TREATMENT WITH HISTAillNASE® 


F. Levering Neely, M.D., New York, N. Y. 


INTRODUCTION 

A lthough most of the major principles of the induction, symptoms, and 
. pathology of experimental astlima in guinea pigs have been investigated, 
the use of such a model in the evaluation of therapeutic agents has been neg- 
lected. The widespread msage of the preparation histaminase or “TorantiP’f 
on a variety of allergic disea.ses led to such an experimental trial. 

The advantages of experimental asthma over anaphylactic shock as a 
means of studying allergic phenomena are as follows: First, anti anaphylaxis 
does not occur; i.e., animals will react over and over again in a predictable 
manner with no diminution in sensit^vitJ^ Tliis lias been repeatedly shown 
by all investigators in the field and emphasized by IManteufel and Preuner,^ 
Kallos and Pagel,= and Ratner,^ and is confirmed below. Thus, the use of 
the large numbers of animals necessary for any experiment in anaphjdaxis is 
obviated, since an asthmatic animal may be put to repeated tests if a suitable 
control period is carried out before and after each test. Secondly, the reaction 
of an animal during an episode of experimentally induced allergic asthma bears 
a closer resemblance to asthma in man that does anaphylaxis. Furthermore 
the degree of severity of the attack is roughly measurable. Finally it pro- 
duces characteristic pathologic changes in the lungs, simulating the lesions 
seen in human beings. 

BussoiP in 1911 is said to have been the first to produce asthma by inhala- 
tion ex periments. Following a number of successful and unsuccessful results 

v-.r.slw.'xvlv F.UhoIo«.-. College ot Physicians and Surgeons. Columbia Uni- 

for publication, October 31. 1310. 
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bj^ several workers, Alexander, Becke, and Holmes" in 192G caused death by 
inhalation o£ horse dander extract in I'uinea pigs iireviously sensitized either 
by inhalation or by intraperitoneal injection. They found that strong antigens 
were necessary, and even then a munber of their animals failed to have any 
reaction. Eatnei' and eo-workers® in 1927 [)r()dueefl sensitization, shock, bron- 
chial asthma, and death l)y nasal inhalation of dry horse dander in guinea pigs. 
They’ believed that dry antigen reproduced human conditions better than liquid 
antigen. Manteiifel and Brenner* in 1933 called attention to the fact that the 
spray di’oplets must be very small in order to produce asthmatic attacks in 
guinea pigs, and believed that irrevious failures ’.vere due to this fact. They 
stressed the absence of anti-inapiiylaxis ami produced astiimatic. attacks re- 
peatedly. 

Kallos and Pagel- published in 1937 tlie results of a series of investigations 
on experimental asthma. These autimrs compared the reactions of guinea pigs 
subjected to allergic astlima and to inhalation of liistamine and of acetylcholine. 
They described the clinical nature of the .nttaclcs, demonstrated tlie absence of 
antianaphy’laxis, showed hereditary Iran.'^mission of bronciiial sensitization, and 
gave descriptions of the })athology showing certain differences between the three 
groups of animats. Finally, tliey demonstrated the aljility of atropine, adren- 
aline, and a caleium preparation to inhi!)it the attacks. 

Recently’, Preuner' continued his studies and has rei)orted the re.sults of 
investigations made to learn tlie effect of the weather on experimental bron- 
chial asthma. By’ grading tlic reaction of his animals and recording his results 
statistically, he concluded that changes in the weather had the effect of increas- 
ing the severity of the attack. The effects, however, of change of weather were 
relatively slight, but his observations established the possibility’ of measuring 
the sevei’ity- of the attack. RatnerV recent review is comprehensive, and he 
has worked out the time element in sensitization by inlialation of dry antigen. 

The question as to whether release of histamine is responsible for anaphy- 
lactic shock and allergic phenomena cannot be reviewed here, but some of the 
more recent evidence is summarized by Lay’mon and Gumming.® 

niSTAAIIX.VSE 

The literature concerning histaminiise has been accumulating rapidly since 
the description by^ Best and MeHemy® of a substance in animal tissues capable 
of inactivating histamine when incubated with it for twenty-four hours at 
37° C. The substance was observed to have the ])roperties of an enzyme and 
was found in almost all organs but was most abundant in the intestinal 
mucosa and the kidney. 

Felix*® found that histaminase had a questionable therapeutic effect on 
skin diseases and stated that it failed to reduce the gastric acidity’ of either 
normal or ulcer patients. Adelsberger** and ErtP® reported favorable results 
in such allergic diseases as eczema and hay’ fever. Poshay’ and Hagebusch*® 
found it of definite value in serum sickness. Roth and liorton** have used it 
effectively in the treatment of cold allergy. 

Other reports are not so promising. Laymon and Cunnuing® found his- 
taminase to be beneficial in only certain cases of urticaria. Kile and Rusk*= 
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found no improvement in cold allei'gy after histaminase. A recent article 
denying the clinical value is that of Miller and Piness/® who tried it on a large 
number of patients witli varying allergic disorders. Keeney’^^ found no relief 
of hay fever after its use. 

The experimental basis for the use of histaminase has been meager, and its 
toxicity has not been fully investigated. Karady and Browne"^ reported almost 
complete prevention of histamine shock in guinea pigs when histaminase was 
given intravenously fifteen minutes before the administration of a shocking 
dose of histamine, and a similar result was obtained in inhibiting anaphylactic 
shock due to egg white in a group of 30 animals. Of 10 animals as controls, 4 
died; of the 20 pretreated with histaminase, none died when the homologous 
antigen was reinjected. The guinea pigs were given 3 units of histaminase 
intravenously while under etlier anesthesia. However, ether anesthesia has 
been observed to inhibit anaphylactic shock.'® Corper and Cohn®® were not able 
to demonstrate any effect of histaminase on histamine intoxication, tuberculo- 
anaphylaxis, or tubereulo-allergy. 

Inasmuch as the clinical picture presented in animals subjected to experi- 
mental allergic asthma is verj'’ similar to that seen in human beings with 
asthma, it was decided to study the influence of histaminase on the experiment- 
ally produced disease, where conditions may be more carefully controlled than 
in patients. 

ALLERGIC ASTHMA 

Following a modification of Kallos and Pagel’s® methods, young guinea 
pigs, weighing approximately 10 Gm., were sensitized Avith 3 intraperitoneal 
injections at two-day intervals of 0.5 c.c. of fresh egg white diluted 1:5 with 
distilled Avater. Ten to fourteen days after the last injection the animals were 
sprayed Avith a 10 per cent solution of egg Avhite in normal saline while in a 
double chambei-. The chamber consisted of an inner open glass jar having a 
capacity of approximately 6 liters placed in a rectangular metal box measuring 
77 by 46 by 46 cm. The material Avas sprayed directly into the inner chamber 
from which it passed into the larger box. The latter Avas provided Avith a small 
outlet tube. The vaporizer used AA'as a painter’s airbrush connected with a com- 
pressed air pump. The airbrush A\'as adjusted to give its finest spray, which 
at the same time Avas abundant and Avas such as to vaporize about 5 c.c. of the 
fluid dui’ing a ten-minute period. The animal Avas sprayed directly and Avatehed 
from minute to minute. 

Symptoms . — Most of the animals developed asthmatic symptoms Avithin 
three minutes after beginning the spray ; the attaek became maximal after five 
to ten minutes, continued as long as the spray Avas continued, even as Ion" 
as an hour, and subsided in about thirty minutes following AvithdraAval from 
the chambei'. 

A typical reaction Avas as folloAvs (numbers refer to the gi-ade or degree of 
reaction used in recording) : The fii-st symptoms Avero motor unrest, rufflin" of 
the fur, sneezes, and scratching the no.se (1-f). This was followed by a defcite 
increase in the respiratory rate, more frcfiucnt sneezes, and onset of eou"h 
usually paroxysmal and violent. The animal often chewed as if salivatiii" (‘>°)’ 
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The cougli would eoiitimie, althougli .soinetiiiu-.s it siih.sided, but now in addi- 
tion to the increased re.si)iration.s ilelinitc dyspnea beeaine manifest; the acces- 
soiy muselcs of respiration eaine into play, tlio abdominal nuuseles were quite 
active, the alae nasi would tiilate, and the expiration was often prolonged. Dur- 
ing this stage the animals defecated and urinated (ot). Finally during the 
most severe and usually maximal phase, respirations were labored, and now 
slower than in the previous stage, the whole body jerked with inspiration; 
deeper ga.sps occurred, coming at ii-regular intervals. Cyanosis w:is sometimes 
perceptible in the cars (-1-f). 

reaction 

A + 

3 + 

2 + 

14 - 


2 4 6 e 10 

TIME - MINUTES 

FIs’. !• — Allcrslc astliina: onset ami course of a P'plcal attack. 

Some of the animals developed a mild eonjunetivitis with laeriniation and 
edema of the eyelids; this usually persisted after all other symiitonis had sub- 
sided. Musical whistles and squeaks were audible by stethoscope, and there was 
some roughening of the resjiiratory .sounds. If the animals were graded by the 
afore-mentioned numbers, the usual course of events is shown in Fig. 1- 

Not all the animals responded alike; in some the onset was more abrupt and 
in others very slow respirations developed. None of the animals died. 

Differential blood counts before and after an attack showed a slight increase 
of eosinophiles and basophilcs within twenty minutes. 

Corroboi-ating the work of previous investigators, no antianaphylactic phe- 
nomena or desensitization due to repeated attacks ivas found to occur, even in 
an animal subjected to 21 attaelis of astlima at intervals of from one hour to 
several days. 

Pathology . — -One animal was sacrificed immediately after its second attack 
of asthma. Both attacks were maximal, and one month apart. The changes 
were presumed to be acute, since the animal had had no exposure or s^miptoms 
in the interval. Grossljq the lungs filled the entire chest cavity ; there was some 
stringy material in the large bronelii, a few small subpleural hemorrhages, and 
on section the cut lung surface presented a few areas of reddish discoloration. 

Histologically, the most striking change was a wreatliing of the bronchi of 
all sizes with large numbers of eosinophiles, but in addition there were numerous 
polymorphonuclear cells, and a few lymphocytes and mononuclear cells in an 
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edematous peribronchial tissue. The capillaries in this area ■were often plugged 
with polymorphonuclear cells, and the endothelial cells were swollen and rounded. 
The bronchial epithelium was swollen and vacuolated; eosinophiles had wandered 
through the epithelium and were found in moderate numbers in the lumen. The 
latter was partially filled with mucin, desciuamated epithelial cells, red blood cells, 
and precipitated protein. The bronchioles were often plugged with a similar exu- 
date. Acute emphysema was manifested by stretched and ruptured alveolar walls. 
Occasional septal accumulations of polymorphonuclear cells, lymphocytes, and 
eosinophiles were noted. Small areas of atelectasis were also present, with 
dilated blood-fiUed capillaries. A few small localized alveolar hemorrhages were 
present. No eosinophilic pneumonia Avas seen. Neither true Charcot-Leyden 
crystals nor Curschmann’s spirals were found. Sections of the liver, spleen, 
heart, and intestine Avere normal. 


HISTAMINE ASTHilA 


Another group of 7 guinea pigs Avas subieeted to a total of 21 separate 
.sprayings Avith 0.1 per cent of histamine phosphate at intervals of from one to 
five days. The symptoms Avere in a general Avay similar to those of the sensitized 
animals sprayed Avith egg Avhite, but there Avere notable differences. The onset 
Avas usually much more alirupt, severe, and uncontrollable. Some of the ani- 
mals reacted Avithin three minutes ; others not until fifteen minutes had elapsed. 
Once the reaction began, its progression Avas very rapid and folloAving severe 
dyspnea, shock developed Avith apnea, deep cyanosis and spasms, and the ani- 
mal fell on its side. The animal appeared moribund and the spray Avas dis- 
continued. The recovery Avas equally as rapid as the development of the shock, 
occurring in three to five minutes. If the animals Avere sprayed again, the same 
severe symptoms recurred. The spray Avas diluted by degrees in the hope of 
producing a nonshocking reaction resembling allergic asthma, but the animals 
gave either no reaction or a very severe one. It Avas almost impossible to pro- 
duce a definite predictable reaction from day to day as in the allergic asthma. 
The method thus presented no advantages over parenteral histamine shock, and 
Avas deemed unsuited for evaluation of therapeutic agents. 

Kallos and PageP emphasized the differences betAveen histamine and al- 
lergic asthma, the most notalile difference being the scarcity of eosinophiles in 
the former. We found that the differences Avere one of degree rather than of 
kind, and they Avere not marked. Grossly, the lungs Avere again overdistended 
and shoAved a feAV scattered petechiae. A little frothy mucinous material Avas 
present in the large bronchi. Histologically, emphysema Avas again marked, 
Avith areas of atelectasis. Peribronchial cosinophilia Avas present but not quite 
so intense as in the other animals; the numerous polymorphonuclear cells seen 
in allergic asthma failed to occur. Hemorrhages Avere less frequently found. 
There Avas, hoAvever, edema of certain alveolar septa. Other organs e.xhibited 
no changes, but the peribroncliial Ij-mph nodes Avere heavily infiltrated by 
eosinophiles. ^ 


HISTAMIN.ASE TIAE.ATJIENT OF .ALLERGIC ASTH3I.V 


Histaminase or “Torantil” is 
of 1 histamine-detoxifying unit 


a yellowish Avhite powder supplied in ampoules 
(1 unit of histaminase is that amount Avhieh 
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will inaelivate 1 mg. of liistaminu at 37' 
It is soluble in saline. 


C. in twenty-four to forly-eiglit liours). 


In testing the jireparation, tlie first step was the determination of its activ- 
ity in vitro. I’lic drug wa.s weighed out in portions equivalent to 1.0 unit and 
0.7 unit. Eaeh (luantity was added to 49 e.e. of phosphate buffer at pll 7.35. 
One milligram of liistamine ijhosphatc* in 1 e.e. of water was added to each of 


the two solutions, and to a control solution of buffer alone. The three .solution.s 
were saturated with oxygen, sealed and placed in a meehanieal shaker in the 
incubator at 37'’ C. 





The solutions uere tested upon the isolated intestinal strip of the guinea 
pig. At the end of twenty-four houi’s there was almost complete inactivation 
in the 1 unit histaminase mixture, and in forty-eight hours it was complete (Fig. 
2) . It was thus seen that the drug was active in vitro accorduig to specifications. 


ilETIIOD OF TUEATilEXT 

T\\ eh e guinea pigs which had been found to develop allergic asthma of a 
predictable degree were used. Eight of them were given intravenous control 
injections of saline while under ether anesthesia. Fifteen minutes later having 
recovered from the effects of the anesthesia, they Avere spraved in tlie usual 
fashion. 

After an interval of several days, during which time they Avere again 
sprayed and found to develop asthmatic attaelvs equal in severity to the reac- 
tions prior to the saline injection, these 8 animals, and 4 others, Avere injected 
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Htraveuously wiVa 3 -anits of Mstaminase in 2 e.c. of salme. Fifteen minutes 
iater they ivere sprayed in the usual fashion, and the severity of the reactions 
was recorded at two-minute intervals for ten minutes. Twenty-four hours fol- 
lowing injection of the histaminase, 6 of the group were sprayed again to 
detect any delayed efiect. 

REACTION 



time - MINUTES 

Fig. 3. — Efieot qf histaminase on onset and course o£ the typical allergic asthmatic reaction. 


KES0LTS 

The result of a typical reaction in one animal, showing its onset and course 
before aud after histaminase, is seen in Pig. 3. The results of all animals is 
seen in Table I. 

Tabue X 

E?FEcr OP Injection of Histaminase on auiergic Asthma in Guinea Pigs, 
Together Wits Controls Receiving Only Saline 


GUINEA. PIG 

TOTAL NUMBER 

USUAL 

RKACriON 

REACTION AFTER HlSTAillNASE 

NUM-BER. 

OP ATTACKS 

REACTION 

ATTEB saline 

15 IIIN. 

21 HR. 

33 

7 


+m 

4+4+ 

++H 

3i 

7 

++++ 

+44 

++++ 


35 

7 

++++ 

4+4+ 

-H-H- 

4-H-^ 

36 

7 

vm 

+H+ 

+44+ 


37 

7 

+++ 

4+ 

-H- 

+4 

38 

7 

+++ 

4+ 

4+ 

+4 


9 

+4++ 

+4+ 

+H- 


99 , 

8 

1 .1 I -t 
‘rl I t 

+4+ 

4+ 


9 

21 

4+4+ 


+H- 


17 

6 

+4+4 


4444 


22 » 

4 

+4+4 


+H+ 


24 

4 

+H+ 


44+4 



It is seen that 5 animals, Nos. 31, 37, 38, 19, and 22, had a lessening in the 
severity of the attaek of one degree after the intravenous injection of the saline 
solution alone, while 4 animals, Nos. 37, 38, 19, and 9, had a similar diminution 
in the attack after treatment with histaminase. One animal, No. 8, had a 2-f- 
reaction after histaminase, when its usual reaction was 4rf. It would appear 
from the results with saline alone that either the ether anesthesia or the saline 
is the cause of this slight decrease, which is itself scarcely significant. There 
appeai-s to be no latent or delayed effect of histaminase after twenty-four hours 



32G 


TIIK .lOUUXAL 01' OAiiOK.VTOKV AXI) Cl.INKMI- MKDICI.NK 


althoiigli the number oi’ animals so tested was relativel.v small. The onset ami 
course of the allergic reaction appear unchanged by injection of liLstaniinase. 
In no ease was asthma [)revente(l, and in most cases it was the same with or 
without treatment. 





•'i7e h - • S. ^ 


Fig. 1. — Allergic asthma. 



The animals injected with histaminase did not seem to recover from the 
anesthesia as quickly as those injected tvith saline, but no severe reactions were 
noted on the first or second injection of the preparation, if it was in the course 
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of a few days. However, there were 3 animals which received histaminase about 
three weeks after the fii'st injection; these animals developed severe shock which 
had all the characteristics of anaphylactic shock, coming on in about five min- 
utes. One died. That this is a true sensitization to the histaminase is not sur- 
prising, since histaminase is a protein. 

Thus it appears that active histaminase. when administered in ajnounts 
said to prevent anaphylaxis, fails to show activity in the jn’evention of experi- 
mental asthma in guinea pigs under the conditions stated. 

SUMMARY 

1. Guinea pigs sensitized intraperitoneally to egg white react to inhaled 
vaporized antigen in a predictable manner witli repeated attacks and show no 
evidence of desensitization. 

2. The sjTuptoms of the reaction resemble liiiman asthma, but the onset 
and subsidence are perhaps more rapid. 

3. The pathologic picture in the lungs is characteristic and is similar in many 
respects to that seen in bronchial asthma in man. 

4. Asthma induced by inhalation of histamine differs from experimental 
allergic asthma by a move abrupt onset as well as a more rapid disappearance of 
symptoms. It is, therefore, more difficult to control and measure. Its pathology 
is similar to allergic astluna but differs in degree. 

5. Allergic asthma in guinea pigs is an excellent method for measuring the 
effect of agents on the reaction. 

6. Active histaminase (3 units) given intravenously has no demonstrable 
effect on allergic asthma in guinea pigs. 

7. Sensitization to histaminase may occur with production of anaphylactic 
shock upon reinjection after a suitable interval. 
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ENTEKAL ABSORPTION OJ*' POLLEN ANTIGEN 


George E. Rockwki.l, M.A., il.l)., Cincinn.vti, Ohio 


W ITH tlie renewed intere.st in the ii.se of oral pollen therapy the question 
of absorption has been arp:ued pro and con. The experiments have varied 
with the investigator and hi.s point of view. 

Thommen^ (1923) cited ti patient with rtigweed sensitivity to whom rag- 
weed pollen was given orally. He demonstrated tluit the jictivc antigen was 
present in the patient’s blood and urine, a fact which he concludes is proof 
that it must have been absorbed. Blaek,^ experimenting on himself, ragweed 
sensitive, found that the ragweed antigen was prc.sent in his blood, urine, and 
feces after the ingestion of the pollen extract. Each of these investigatoi's 
employed sensitive patients, such as would naturally form the class of person 
presented to the physician for treatment, and administered daily doses to them. 

Such was not the case in the experiments of several other investigators. 
Bernstein and Kirsner,^ Bernstein and Feinberg,^ London,^ and Zeller'^ admin- 
istered orally single doses of either ragweed pollen extract or whole ragweed 
pollen to nonallergic persons on whom local areas had previously been passively 
sensitized. They were unable by this method to demonstrate sufficient absorp- 
tion to cause a reaction in the passively sensitized areas. Of this group ot 
investigators, Zeller comments that by direct skin testing he was unable to 
demonstrate circulating pollen antigen following cither oral or hypodermic 
administration of antigen. He, furthermore, admits that there were certain 
clinical symptoms following oral therapy which occurred with sufficient fre- 
quency that thej’’ could be accounted for only on the basis of enteral absorption. 

Black, in discussing Zeller’s® paper, states that he believes the administra- 
tion of a single dose of pollen extract, even though it is large, will show little 
or no absorption, since most of it is excreted by the bowel. However, he points 
out, continued administration over a period of time does give demonstrable 
amounts in the blood and serum. In pursuance of this phase of the discussion 
it is interesting to note the report of London.® Contrary to the results of 
Thommen and Black, he was unable to demonstrate the presence of any rag- 
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weed antigen in sera, collected from several of his experimental patients who 
bad taken the pollen orally. Attention is called to the fact that he collected 
bis sera the day after the ingestion of the pollen, whereas Thommen and Black 
eollected theirs on the day of the ingestion. Black notes particularly that after 
twenty-four hours the concentration of pollen antigen in the sera was gieatly 
reduced. I believe that the important factor is proper timing between the 
administration of the pollen antigen (either orally or hypodermically ) and the 
sampling of the blood or tissues. 


TABliE I 


Pollen Concentbation in Tissues op Eabbivs AYuich Had Been Given Ragweed 

pollen Orally 


BABBIT 

PATIENT 

KIDNEY 

UVER 

MUSCLE 

CONTROL 

EXTRACT 

(100 UNITS 
PER C.C.) 


POLLEN 

NOR^IAL 

POLLEN 


POLLEN 

NORMAL 

1 

I 

Vlts. S. 
hra. E. 

At. D. 

Mias G. 

Mrs. B. 

Mrs. P. 

+++1 

++++ 

+++++ 

+ + + 
++ 1- + 
+- 

t - 

+- 

+- 

++ 

++++ 


AA 

A + + A 


AAAA 

aaaa 

AAA 

AAAA 

AAAA 

z 

Mrs. S. 

Miss L. 
Mrs. tv. 



4- 4-4-4- 
4*4*4- + 

+ + + + 

+ 



AAAA 

AAAA 

AAA 

3 

aits. E. 

Mr. D. 

Mrs. W. 

+ + 

- 

+ 

+ 



AAAA 

AAA 

AAA 

4 

Mrs, E. 
Mrs. tv. 
Miss Q. 

++++- 

++++ 


+++ 




A A AA 

aaa 

A A A A 

5 

Mrs. B. 
tiiss G. 
Mrs. Sil. 
Mrs. E. 
JIrs. S. 





A- 
AA 
+ + 


AAAA 

aaaa 

AAA 

AAAA 

AAAA 

6 

Mr. L. 

Mrs. tv. 

+- 

+ ~ 

+ + - 
+ + + ^ 

+ - 



AAA 

AAA 

7 

Mrs. E. 
Mrs. Sp, 
Mrs. B. 

++++ 

++ 

+++++ 

+- 

+- 

+ + 
+ + 

+ + + + + 

A 



AAA 

AAA 

AAAA 

9 

Mrs. Sp, 
Mr. Bah. 
Mr. n. 
tirs. B. 
Miss G. 

+ + + 

++- 

+ 

+ A + A 


+ + 
AA 

A 

AAAA 

AAAA 

AAA 

aaaa 

aaaa 

10 

Mrs. Sp. 
Air. Bah. 
Mr. 11. 
Mrs. B. 
Mi.sa G. 

+ + + + + 
+ 4- + 

+ 4"^ 

4- 

1 + + + 

+ ' 

+ + + 

+ + + 

A A 

A 

+ + + + 

+ + + + 

+ + + 

+ + + + 

+ + + + 

15 

10 

•Mr. M. 




SSi 


+ - 

+ + + + 

Mrs. \K. 
Mi^3 U. 

+++ 

IB 

m 

■ 


+ 

+ 

AA 

AAA- 


Alpcrsleiid (1940), reporting a study of patients sensitive to ragweed 
who had Iwcu pUmod on oral pollen therapy, comments that the e.Ypenment.s 
showed (a) dial an ai)i)reeiablc lunoiiat of pollen is absorbed tliroimh the 
gaslro.ntestmal tract and (h) that reagin am) allergen coexist in (he Jrenht 
vug blood at the hevght of treatment. ^ icuiat 
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Vausliair'* cites the exiJcrieiice of a physician in connection with a seveie 
attack of asthma suffered by a rafjweetb.sensitive patient after eatin!; the meat 
of a pheasant. It was known tliat the bird’s craw had been full of rasiwccd 
seed. Accordingly, the pliysieian tested the woman witli c.xtract of normal 
pheasant meat and tiien with an extract [rrepared fi’oin the meat of a plioasaut 
whose craw was full of rai^wecd seetl. To the former tiie patient reacted iieca- 
tively, and to tire latter she reacted positively. This suixuested the followiii'i 
experiments which I herewith report. 

'I'.Ull.K II 


POLI.E.X CO.N'CE.STIIATION- AT VaUVINT, TiME IXTCnVAf-S I.S .Skiiuji or RABI)IT.S tviiicu 

Had Hee.s- Oivk.s- I’oi.i.k.v Ocai.i.y (ju JtYmrorc.MiCAi.iA' 


IIAUBIT 

PATIF-NT 

ni.ooi) sKi:rM 

co.stkol 

E.XTlL\Cr 

(100 1 ’Xiis 
iTi: c.c.) 

0 

HU. 

15 

MIN', 

J/j 

HU. 

1 

lit:. 

•) 

lit;. 

- 

in:. 

5 

Ui'.. 

G 

Ragweeil pollen 
ornlly 

.Mrs. Sil. 

.Mrs. E. 

.Mr.s. S. 

.Mns. W. 

*r 

T -f 






TTT 

r -f -f f 
■f* + 
•f -f T"" 

-r 

T -fTT 

— T 4* 

7 

Ragweed pollen 
ornlly 


r 4 

T- 





+ -1 r t 

f 

T T T + 


-fTT 
-f TT 

+ -fTf 

S 

Ragweed pollen 
orally 

.Mr.s. Br. 

Mrs. M. 

- 


44 





TTT-f 

f'-f f 

11 

Ragweed pollen 
orally 

.Mr.s. Br. 

Mrs. M. 

- 


^ • 

+ T 





T-f TT 
•fTT 

12 

Bag^veed pollen 
orally 

E 

laHH 

-4- 

? 

? 

4 4- 

1 

+ 

■ 

+ + 



- 

i-f f 

TT 

TT 

13 

60,000 units rag- 
weed pollen 
given hypoder- 
mically 

Misis G. 

Mrs. B. 

Miss Sw. 

1 

+ + "f 

1 

•h 

44444 

1 

r f T T 


444 

A. J- 

4444 

14 

Ragweed pollen 
orally 

Mrs. Ber. 

+ 


+ ^ + 


1 



4 444 

10 

Ragweed pollen 
orally 

Mrs. B. 

-4- 



44 

■ 



44 

17 

Timothy pollen 
orally 

Mrs. K. 

Mr. B. 

+ - 
-4 




44 

44 



4444 

444 


♦Twenty-four hours later the “'A* hour scrum” gave an inflaminatorv reaction 3 inches in 
diameter. 


EXPEKIMENTATIOXT 

Rabbits (either small or large) Avere given defatted ragweed pollen orally- 
Approximately two to two and one-half hours later they were killed. The kid- 
neys, liver, and a piece of leg muscle were removed and quickly rinsed with 
tap water. Each was then ground and extracted with a solution consisting of 
5 per cent glycerin in normal saline, 1 c.e. of extracting fluid being used for 
each gram of tissue. The tissues Avere allowed to extract in the icebox for 
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twenty-four to forty-eight hours, at the end of which time the}’’ were passed 
through a Seitz filter for sterility. Of the 19 rahbii.s used in the experiment, 
two were normal and furnished tissues for the control. To each of the other 
17 1 6m. of pollen was given orally. 

Each of the extracts, together with a normal tissue extract control and a 
ragweed extract control, was tested on several ragweed-sensitive persons. Like- 
wise, some of them were tested on a normal nonallergic person. All skin tests 
were done by intraderraal method. 

The results are given in Table I. A .summary of the results showed that 
in ragweed-sensitive patients the control tissue extract gave a negative to a ttuo- 
■plus ivheal without pseudopodia, while the extracts from the tissue of the rab- 
bits which had been given the ragweed pollen orally, gave, in most cases, a two- 
plus to <i four-plus reaction ivith pseudopodia. The control ragweed extract 
gave on the average a four-plus wheal with pseudopodia. These results were 
■so definite that there can he no question that some of the pollen antigen was 
absorbed. 

Blood was collected from some of the rabbits just before the oral admin- 
istration of the pollen and at varying time periods afterward. The sera from 
these specimens were separated and their tested intradermally on pollen-sensi- 
tive patients. The results are shown in Table II and indicate that the active 
pollen antigen appears in appreciable quantities in the blood fifteen minutes 
after the oral administration of the pollen, but that by two and one-half hours 
its concentration is decreasing. For comparison one rabbit was given sub- 
cutaneously 60,000 Noon units of ragiveed pollen extract while another was 
given orally 1 6m. of timothy pollen. These results also are shown in Table II, 

DISCUSSION 

The evidence to date indicates overwhelmingly that the active pollen antigen 
is absorbed in appreciable amounts when given by the enteral method. This 
evidence consists of (1) reports in the literature of 1,409 hay fever cases which 
had been treated by oral pollen therapy with definite improvement in at least 
944 cases; (2) demonstration that the active antigen can be found in the blood 
and tissue of the rabbit and in the blood and urine of man after oral admin- 
istration of pollen; and (3} positive reactions folloiving enteral ingestion of 
pollen. These reactions can be interpreted only on the basis of absorption. 
Even the opponents of the oral method speak of reactions, and it is obviously 
inconsistent to cite the occurrence of these while maintaining that no absorp- 
tion takes place. 

The only negative evidence is that enteral absorption of pollen antigen is 
insufficient to produce a reaction in the passively sensitized skin of nonallergic 
persons, whereas such a reaction is produced by liypodermic injection. Hmv- 
evev, if a lounikpiet is place above the point of injection, thus slowing down the 
rale of absorption of pollen extract, the same negative result is ohtahied in the 
latter ease. lienee, it is ])rohal)le that the rate of absorption of ingested pollen 
is too slow to huluee the local speed of reaction necessary in tlm passive trans- 
ter te.sts. This is furtiier evidence of the safety of oral pollen therapy 
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SU.M.MAUY 

Expcriiiienlnl evideiicc Ls pmsonled whit-h .shows that al'tor tlie oral iiigts- 
lion oi’ pollon by rabbif.s the active {lolleii anti^'eii appear.s iu the blood and 
ti.ssue.s, kidney, liver, ami inu,sele.s. 
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AGE INCIDENCE 


OF POimTIVE 


TUBERCULIN REACTIONS 


(5[ANTOUX)<» 


Frances Pa.scher, and jMARiox B. Sui.znEKGEit, IM.D. 
New York, N, Y. 


AVmi A St.vtistical Axabysks by 
Ale.yaxdeu S. ■\Viexek, :M.D., New Yohk, N. Y, 


T he intraeutancous test with old tuberculin KoeJi (Alanton.x test) has beoi 
used by many Avorkers since 1909 to determine tiie incidence and the dis- 
tribution of tuberculous infection. It lia.s been shown tiiat iu a given eoni- 
munitj’ the incidence of positive cutaneous reactions to tuliereulia depends on 
tile size of the population, Avliether urban or rurtil, tlic incidence of 
tuberculous disease, and the li\'iug conditions, particularly M'itli respect to 
Iiygienic standards and the degree of OA-ercrowding.* 

It has also been sIioaa'ii that the percentage incidence of positive reactions 
to tuberculin and the age at AA'hicli the tuberculiir test becomes iiositive may be 
decidedly different for different cities, and for similar classes of people." Ii^ 
Vienna^ in 1909 the incidence of positiA-e tuberculin reactions, in individuals 
clinically free from actiA-e tuberculosis, AA’as found to be very high among the 
poorer classes; one-half the eliildi’en shoAA'ed a positive reaction at 5 years of 
age ; about 90 per cent at 10 years, and 9-i per cent at puberty. In Ncav York 
City the incidence Avas found to he considerably loAver during the years 1921 
to 1928 by Smith,* and in 1931 in a survey made by one of us (P. P.).^ Table 
I illustrates the strildng difference in age incidence of positive tuberculin I’e- 


♦From the Skin and Cancer Unit, New York Fost-Graduate Medical School and Hospital. 
Columbia University. 
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actions in comparable sections of the populations of Vienna and New York 
City. The somewhat higher incidence in Smith’s series as compared with the 
group studied by one of us (F. P.) may he explained by the fact that Smith’s 
group included cases of active tuberculosis. 

Table I 


COMPARISON OP Age Incidence op Positite Tuberculin Eeactions 


AGE 

VIEN’XA 

1909 (%) 

NEW YORK CITY 

1921-1928 (%) 

XE^W YORK CITY 

1934 (%) 

5 

50 

11.7 ' 

9.5 

10 

90 

37 1 

29.1 

12-13 

91 

45.0 

35.2 


The incidence of positive tuberculin reactions may vary with changing 
conditions. In the same community the lapse of a decade or a few years may 
mfluence the statistics considerahly.® Chadwick and Zacks’' reported a reduc- 
tion of 23 per cent in positive reactions among childi’en of the same age groups 
between the years 1917 and 1926, coincidental with an intensive antituberculosis 
campaign. It is important, therefore, when interpreting results to take into 
consideration the year or the period duinng which a survey is made. 


EXPERIilENTAL 


We should like to report the results of our studies in the age incidence of 
positive tuberculin reactions carried out in a group of 362 persons, ranging in 
age from a few months to 80 years. 

The persons in whom the tests were made were patients treated for various 
dermatoses at the Skin and Cancer Unit during the year 1939. The clientele 
of this clinic consists predominantly of white urbanites from the more crowded 
districts of New York City, whose economic status may be I’ated as poor or 
lower middle class. Patients suffering from any form of skin tuberculosis were 
excluded from the study. 

Old tuberculin Koch, obtained from the Department of Health of the City 
of New York, was used, and the ilantoux technique was employed. The initial 
test dose was 0.02 mg. of 0. T. (0.1 c.c. of 1 :5,000 dilution). The patients were 
retested with 0.1 mg. of 0. T. (0.1 e.c. of 1 :1,000 dUution) and 1.0 mg. 0. T. (0.1 
e.c. of 1 :100 dilution) if the first injections failed to elicit a I’eaction. 

The test site was examined forty-eight hours later, and the reaction was 
graded one plus to four plus, as recommended by the National Tuberculosis 
Association.® The patients were then classed as belonging to four different 
groups, depending on the intensity of the reaction and the concentration re- 
quired to elicit a reaction: 


I. 


Strongly positive — if a three-plus to four-plus reaetioa 
Kucb. 


was elicited with 0.02 mg. O, T. 


II. Modenitely strong positive — if a one-plus to two-plus reaction 
ing. O. T. 


was elicited with 0.02 


III. Weakly positive— if either 0.1 mg. or 1.0 ing. 
1\ . Negative— if the I'atieut failed to react to 1. 


O. T. was required to elicit 
0 mg. O. T. 


a reaction. 
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KIuSUI.TS 

In the a'jo t^roups of the tirst two decades there was a gradual rise in 
tlie incidence of [lositivc reactions to 33.3 per cent. l»etween the twentieth and 
twenty-ninth years the I’ise in the incidence of jiositive reactions was sliarp, 
from 33.3 per cent to !)0.'.) jicr cent. After the thirtieth year the positive in- 
cidence remained fairly constant, varying between i)0 jicr cent and 98 per cent. 


T.Miu; H 


i’ia:oeKN('u;.s or I'osrnvr. 'rniiiiaei.i.v tnui-iioss .vt V.vniou.s Aia:.s is -i 
U.\N'iio.\i Skciks or aoi: Pr.iiso,\.s 


AGES 

KUMUKi: OK 
1‘KKSON.S Ti:STKD 

S’UMHKIl OK 
XKGATIVK 

KKACniOKS 

rosrrivr. 

Nu,\niKi: 

’.UNCTIOXS 

I-Ei; CENT' 

0-1 

20 

20 

0 

d 

5-9 

20 

19 

1 

5.0 i 3.2 

lO-l-l 

25 

IS 

7 

2S.0 ± 0.0 

15-19 

33 


11 

33.3 ± G.O 

UO-'ll 


17 

23 


25-29 

-I-i 

•1 

•10 

90.9 ±2.9 

30-39 

73 

l 

09 

91.5±1.S 

•10-19 


1 

•19 

9S.0±1-3 

50-59 

32 

1 

.•il 

90.9 + 2.0 

(JO-SO 

19 

• > 

17 

S9.5 ± 5.7 

Totals 

302 

111 

21 S 

. 


•The llgure following the + sign rcprc.scnts the probable error of the observed freauciio". 


In Table II are listed the frequencies of jiositivo tuberculin reactions anion? 
362 persons at various ages, and in Fig. 1 these results arc presented graph- 
ically. The observed differences in incidence of jiositivc Inbcreiilin reactions at 
varying ages are statistically siguifieaut. The probable error of an observed 
frequency is calculated from the formula: 


Probable Error = 0.6745 

where p is the observed frequency and -Y is the number of persons iii the sample 
tested. This formula was applied to the freciueneics obtained for positive 
tuberculin reactions in various age groups, the results being listed iu the last 
column of Table I. As an example, the calculation for age group 25 to 20 is 
given : 


P.E. = 0.6745 


.V 


(0.909) (0.091) 
44 


= 0.029, or 2.9 per cent. 


The formula is said to be accurate only for samples eoiitaiuiug 30 or more per- 
sons, but for the sake of uniformity it was also used for age groups 0 to 4, 
5 to 9, 10 to 14, and 60 to SO, each of which contained less than 30 persons. 
However, the error in doing this is not great, since the smallest group con- 
tained 19 persons. 

The frequencies of positive tuberculin reactions in two different age groups 
can be compared by determining the differences between tlie two frequencies 
and then comparing this diii'ereiice with its probable error. Tlie probable error 
of a difference between two iiidepeiideut frequencies pi and p^ is calculated by 
using the formula : 


P.E.oiu. =(P.E.pJ= H- (P.E.pJ = 














PASCHEK-SULZBERGEB ; POSm\"E tuberculin' reaction's 


335 


Tlie odds that a pavtieular difference is significant, that is, not purely acci- 
dental, is determined ^Yitl^ the aid of Table III. The u.sual con\ ention is .to 
consider as significant any difference which is more than three times its prob- 
able error. 


Table HI 


SIZE OP MFFEBEXCE IX P.EL.I.TrOX 

TO ITS PROBABLE ERROR 

ODPS THAT DIFFEKEXCE 

IS SIGXIFICAXT 

_ 

1 

to 1 

+ 2 P. E, 

3.6 

to 1 

± 3 P. E. 

21 

to 1 

+ i P. E. 

140 

to 1 

+ 5 P. E. 

1,300 

to 1 

± 6 P. E, 

19,200 

to 1 

+ 7 P. E. 

427,000 

to 1 

± S P. E. 

14,700,000 

to 1 

± 9 P. E. 

730,000,000 

to 1 

+ 10 P. E. 

65,000,000,000 

to 1 


As an example, let ns compare the incidence of positive tuberculin reac- 
tions in age groups 10 to 14 and 20 to 24. Here p^ = 28.0 per cent and P.E.pj = 
6.0 per cent; p, = 57.5 per cent and P.E.pg = 5.1 per cent. 

Therefore, Pj - p^ =29.5 per cent and P.E. (p^ - pi) = V(0.06)“ -(0.051)^ = 
0.081, or 8.1 per cent. 

Since pa - Pi is more than three times its probable error, this difference is prob- 
ably significant. How increasing the .size of the samples helps to demonstrate 
differences among the age groups is illustrated by pooling together the results 
for ages 0 to 24 and comparing these with the observations made on persons 
more than 25 years old. Among 144 persons rmder 25 yeai's old the incidence 
of positive tuberculin reactions was 29.2 + 2.9 per cent ; among 218 persons older 
than 25 years it was 94.0 ±1.1 per cent. Accordingly, the difference between 
these two groups was 64.8 ± 3.1 per cent, so that this diffei'enee was more than 
twenty times its probable error ! 

DISCUSSION AND SUMIIAKY 

We are of the opinion that the sharp rise in tiie incidence of positive tuber- 
culin reactions during tlie third decade, from 33.3 per cent to 90.9 per cent, 
may be of clinical and epidemiologic significance. 

It has generally been held that in m-ban communities the majority of pei-- 
sons are infected with tuberculosis by the time adolescence is reached. Our 
findings, and the recent studies of others, indicate that this may not be so. 
SmitlU reported a positive incidence of 45 per cent in persons from 10 to 15 
years old; Drolet,“ 29 per cent; Dickey and Seitz,'® 37 per cent; Aronson and 
Nicholas,” 31.S per cent. Soper and Amheison'® state, “in this country at 
large, roughly speaking, 50 per cent of the white population under the age of 
twenty docs not react to tuberculin.” 

If the tuberculin reaction is used as the criterion of past or present tuber- 
culous infection, our results indicate that under present conditions in New 
York City the majority of persons are not infected until adult life. Lon"'^ 
Ills shown, however, that tlie tuberculin test may fail to detect aU healed pri 
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niary tuberculosis boeaust? ol’ llio muiiiiij of culancoii.s .sensitivity that ocruis 
with liealiiig. One cannot a.ssunie, therefore, that the ri.se of positive tuhereiiliii 
reactions during tlie third decade is due entirely to initial infection with 
tubercle bacilli. Supcrinfection or reinfection of sunicient magnitude to heighten 
tuberculin sensitivity, si)ontaneou.s iliietuation in sensitivity, or increase oi 
sensitivity due to maturation or other factors, must also be considered as the 
po.ssible modus operaiuli in .some ca.ses.^ 



Fiff. 1. — Incidence of positive tuberculin reactions at various ayes based on a study of a ranilom 

scries of 362 persons. 


The report of the New York State Department of llealtli (Division of 
Tuberculosis) in the annual report of 1937*^ confirms tlio clinical significance 
of our findings. The largest number of new cases of active tubereiilous disease 
of all types was reported during tlie tliird decade. Tliis finding is in striking 
conformity with the present demonstration of sharp increase in incidence of 
cutaneous tuberculin sensitivity in precisely this age group. 

The limitations of the tuberculin test as a sole means of case finding have 
been pointed out by Plunkett,” and we are aware that the tuberculin test is of 
questionable value as a means of establishing an epidemiologic index of tuber- 
culous infections.” Study of age incidence of posilive tuberculin reactions 
may serve, however, to indicate the age gi’oups in wiiieh an intensive search for 
new cases should be made. 

Under the present conditions in New York City the results of quantitative 
tuberculin skin tests coincide with the clinical statistics, showing that for tlie 
appearance of active tuberculous disease, the third decade appears to be the 
most vulnerable age. 

♦There are many possible explanations for the 9 per cent drop in positive reactions iii 
the seventh and eighth decades, but these cannot be entered into here. 
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THE QUESTION OP PROTECTION AGAINST HISTAMINE AND 
ANAPHYLACTIC SHOCK IN GUINEA PIGS BY HISTAMINASE* 


Roland C. Haaves, B.S., Gordon A. Alles, Ph.D., and Hyjian jMiller, M.D. 

Los Angeles, Cai.ip. 


'^HE in vitro inactivation of liistamine by histaminase prepai'ations is a slow 
process even under optimal conditions, as showTi by Best and IMcHenry.L = 
However, Karady and Browne^ found that histaminase preparations injected 
into etherized guinea pigs exerted a protective effect against lethal doses of 
histamine, and also against anaphylactic shock. They concluded that histam- 
inase acts more rapidly in vivo than in vitro, and that their observations af- 
forded experimental support for the reported therapeutic elfectiveness of his- 
taminase preparations against allergic responses in man. 

Haag and Latz^ also performed experiments which they interpreted as 
indicating a protective effect of histaminase against anaphylactic shock. This 
interpretation is not well supported by their e.xperimental results, since when 
normal guinea pigs were used, 12 showed greater symptoms when shocked 
twelve hoiu-s after “protection” with a histaminase preparation than did the 
14 similarly sensitized and shocked controls which were not given a protective 
injectio n. Haag and Latz ignored these animals and drew their conclusions 


•From the Laboratories of Dr. GeorBO Plness and Dr. Hy 
Received for publication, December 2, 19f0. 


man Miller, Los .Cngeles. 
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from llic results of a similar test domr witli 2!) animals which had .survived a 
(negative) trial of the desensitizin'’: action of multiplo small do.ses of hi-staniinaiio. 
Alternative explanations of the mechanism of the protective action suggested 
by this experiment would appear to he possible, in view of the facts that lus- 
taminase prci)arations eontain antigenic hog i)roteins and that the "protective” 
injections were immediately followed l)y slight but definite symptoms .sugges- 
tive of anaphylactic shock. 

Our own trials of histamina.se preparations in man for the treatment of 
allergic conditions"’ and for tlie control of histamine or allergic .skin reactions' 
did not give any definite indieation of in vivo activity or of therapeutic effect. 
It was, therefore, thought dissirable to repe.at the expei'iments reported by 
Karady and Browne. 

With one exception, the oh.servations of Karady and Browne did not include 
any control animals handled in the same way ;is those treated with histaminase 
(etherization and intrajugular injection). This e.xeeption eon.si.stcd of three 
guuiea pigs given heat-inactivated histaminase followed by histamine, and it 
was found that those died more (piickly than the controls given histamine alone. 
Not only were these animals loo few in number to serve as convincing ])roeedurc 
controls, but there is a iio.ssiijility that heating may have iiroduced toxic prop- 
erties in the histaminase .solution. 

In ortler to simplify our technitiue, and to conserve onr limited supply 
of histaminase, we compared the jiroleetive effeel of histamina.se solutions with 
control .saline solutions, both solutions being injected intraeardially into un- 
anesthetized animals. 

KXl’KUlMKNTAI, 


A. Solutions and Procedures. 


Saline. An 0.85 per cent .sodium chloride .solution containing 1:1,000,000 of 
phenylmereuric acetate as iireservative. 

Buffered Saline. A solution of sodium chloride, disodium phosphate, aud 
monopotassium phosphate, having a pll 7.4, a ratio of sodium to potassium ion 
concentrations of 40 :1, and an ionic strength cipml to that of 0.85 per cent sodium 
chloride. Same preservative. 

Histaminase.'^ "Parenteral histamina.se, ’’ a soluble powder, received in 
sealed glass ampoules. For Experiment I the contents of 42 one-unit ampules 
were dissolved in 28 ml. of buffered saline about tAvo hours before use. Por 


Experiment II, Part 1, five one-unit ampoules and 20 two-unit ampoules Avere 
dissolved in 30 ml. of salijie about Iaa-o liours befoi'e use. For Experiment II, 
Part 2, 20 ten-tmit ampoules of a special experimental lot A\-ere dissolved in 
27 ml. of buffered saline three hours before use. After tAVo guuiea pigs had 
been killed immediately (Avith pulmonary and pleural liemorrhages) by intra- 
cardial injection of the last solution at the usual dose of 8 ml. per kilogram, it 
Avas diluted 1 :5 Avith buffered saline in order to bring it to the same strength 
(in labeled units) as the other histaminase solutions. 


•Histaminase was supplied throueh the coxirtesy of the Wintlirop Chemical Co. and Dr. 
T -R Tlice Its Director of Medical Research. The one-unit ampoules were designated “T-3G0-1, 
,V,ri 'the two-unit ampoules. “T-3G0." Samples of tliese were returned to the manufacturers for 
iust before E.xperlment H, Part 1, was dona Tiiey reported tliat tlie “T-3G0-1" had 
dropped in potency to about 60 per cent of the labeled value, while the "T-SGO" retained its 
original potency. 
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Histamine. A solution containing 10 mg. of histamine dihydrochloride 
(Hoffiraan-LaEoche) per milliliter in buffered saline was freshly prepared for 
each experiment in which it was used. 

Egg Albumen. The stock from which solutions were made is a four times 
crystallized preparation,^ consisting of the washed crystal mush, pi’cssed be- 
tween blotters to remove most of the wash liquor, dried rapidl 3 ' in a current of 
warm air, and stored in the cold. Nitrogen analj'ses showed that about 1.5 per 
cent of the egg albumen was denatured bj”' diying, and that the total content 
of egg albumen was 64.2 per cent, while the content of ammonium sulfate was 
31.7°per cent. For sensitization 46.7 mg. of the dry material was dissolved in 
30 ml. of buffered saline (1 mg. of egg albiunen per milliliter), and for shock- 
ing, 4.67 Gm. were dissolved in 30 ml. of buffered saline (100 mg. of egg albumen 
per milliliter) . 


Group 

A 

B 

C 

O 

Aympran 

J(oy 


— < 1 ■ 1 i 1 ^ I ' I 

t 1 oooooooooooox 

» 1 — OOOOOOOOOOOOX 

J-J-L- QOX 

■‘-J— oooox 
— ~ o oox 

‘ — o ooox . . 

— OOOOOX 

* 00 oox 
- — ^ oooooox 

,-,9????????y. , ■ , ■ , , 

— » oooox 

ooox 

— l_l_ oooooX 

— — — — — oooooooooooox 

111 l_l 1 t 1 I 1 ■ t_t 1_1_L t I 1 1 1 1 1 -I 

1 i-t-t-t -I — — — — — — — — —oooooooooooox 

I t I t 1. 1 1 I 1 > I i, 1 i-f tj. 1 J 1 1 1 i 

L-1 l-t. i-i-i-l-L 1-.1 

- 1 1. I 1 I i 1 i 1 1 1 1 1 ..1 1 - 1 1- I L. i 1 I i I i 1 _1 1 I I . I I I 

>«»«»»■««« 

A/one AA//c/ Afoatp/'a/e Jeyet>'e ^ 

1 I > I I L i-l i-t — — — — — ooooooooooox 

Tf/ne m /^/nu/^es aA/er SAocA/oo I /yec/ /or? 
\o /a 20 30 y-O ^30 

1 1 1 1 1 I I I I 


Fiff. 1. — E.A:periment I — Histamine shock. 


_ 

“Protecting” Injection 

Oroup 

(Intracardial) 

A 

None 

B 

None 

C 

2 ml. hlstaminase* 

D 

8 ml.ykff. hisUiminase* 

B 

S ml./ks. bufCcpod saline 


The flrst Kuinea pit? in group D was depressed 
minutes atler the tirst injection. 


Shocking Injection 
(Intraperitoneal) 

15 mg./kg. histamine dihydrochioride 
25 mg./kg. histamine dihydrochioride 
25 mg./kg. histamine dihydrochioride 
25 mg./kg. histamine dihydrochioride 
25 mg./kg. histamine dihydrochioride 
il uncertain on liis teet between four and six 


'This hlstaminase solution contained, according to re-assay 
milliliter, instead of the intended 1.5 units per milliliter. 


approximately 0.5 


units per 


Do.ns and Injection Technique. Becaii.se our guinea pigs differed in weight 
from tliose used by Karady and Browne, it seemed desirable to give the histam 
luase and histamine in proportion to weight. Dasc.s of 8 mf. per kiWn-am 
of hlstaminase solution, and 2.5 ml. per kilogram (25 mg. per kilo'n-am°t 
histamine thhydrochloride solution were selected as a fair approximation to the 
aveiage dose used by them. In the first experiment, however, two guinea pi-^s 
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were gi%'eu 15 mg. of liistamine dihytlroehloridc per kilogram (group A), and 
one group of animals (group C) was given 2 ml. of histamina.se solution with- 
out regard to weight. 

Histamine solutions were injected intraperitoneally. Histaminase and con- 
trol saline solutions were given intracardially, using a li/j inch, No. 22 gauge 
needle, and entering the chest through the diaphragm, inserting the needle 
along the left side of the xiphoid proec.s.s. The .solution.s were injected slow!}', 
testing for needle placement b.v drawing a drop or two of blood up into tiie 
syringe at the beginning and end of the injection. Judging by the color of the 
blood, almost all the injections were made into the left side of the heart. The 
animals withstood the injections vciy well, with the c.vccption of the fii'st guinea 
pig of Experiment I, group D. The histaminase or control saline solution was 
ahvays administered fifteen minutes before the shocking injection. 



Fig. 2. — E.-eperiment II, Part I — Histamine sliock. 


Group 

A 

B 

C 

t) 


"Protcctins" Injection 
(Intracartliai) 
None 

8 nil./ks. saline 
8 ml./Ke. histaminase* 

8 nil./kg-. buffered saline 


Shocking' Injection 
( Intra peritoneal ) 

25 mg-./kg-. histamine diiiydrociilorWe 
25 mg^./kar. histamine dihytirochloride 
25 nig./lcg-. histamine dihydrochloride 
25 mff./ker. histamine dihydrochloride 


(For symptom key. see Fjet. 1.) 


•This histaminase solution contained, accordinK to re-assay, approximately 0.9 .unit per 
milliliter. Instead of the intended 1.5 units per mUUUter. 


The sensitizing and sliocking doses of egg albumen tvere given witliout 
regard to animal weight, 1 ml. of the respective solution being administered 
intraperitoneally. Tlie sensitizing dose was given two days after the animals 
were received, and the slioeking dose was administered six weelvs later. To 
assure ourselves that the ammonium sulfate content (49.4 mg. per milliliter) 
of the shocking solution ivas not high enough to be toxic, and that the solution 
was othemise free of primary toxicity, three nonsensitized guinea pigs (group 
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E, consisting of three of the six sur\dvors of Experiment II, Part 1, which was 
done fourteen days previously) were given the shocking dose of egg albumen 
solution. They showed no signs of difficulty or discomfort at any time. 

• Animals. All guinea pigs were obtained from a single source and Avere 
imiform in age. Those for Experiment I Aveighed from 480 to 650 Gm. Those 
for Experiment II, botli parts, all obtained at one time, Avere all Aidiite, Aveighed 
from 200 to 250 Gm. ivhen receiA^ed, from 340 to 480 Gm. Avhen Part 1 (hista- 
mine shock) was done four Aveeks later, and from 400 to 510 Gm. when Part 2 
(anaphylactic shock) Avas completed. The animals Ai’ere not selected for sex. 
A record of sex Avas kept for Experiment II, but no diffei’cnces Avere seen. The 
guinea pigs wei'e fed plenty of greens, supplemented by rabbit pellets, and 
Avater Avas available to them at all times. 



Flff. 3.- 

Group 

-Experiment II, Part 2. — Anaphylactic sliock. 
"Protecting:" Injection 
(Intracardial) 

Shocklngr Injection 
(Intraperitoneal) 

E 

(Xot sensitized, see text) 

100 mg, ess albumen 

F 

None 

100 mg. egg albumen 

G 

S ml./kg. histaminase* 

100 mg. egg albumen 

H 

8 ml./kg. buffered saline 

100 mg. egg albumen 


(For symptom key. see Fig. 1.) 
•This histaminaae solution contained J.5 units per milliliter. 


B. Experiments. 

The results of the experiments are shown in the diagrams; Fig. 1 for 
Experiment I, Pig. 2 for Part 1 of Experiment II, and Fig. 3 for Part 2 of 
Experiment II. Each line repre.sents a guinea pig, and the key to the sjunhols 
is shown in Fig. 1. The symptoms Avere classified as mild, moderate, and severe, 
in the order of tlicir usual dev'clopmont, as follows; 

Htstiiiuinc shock symptoms; 

Jlild; depression, loAvercd respiratory rate, scratching. 

rilodcriite: respiratory difficulty, coughing, gasping. 

Severe: collapse, convulsions. 
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Anapliylaetic slioc'Ic .syniptoms: 

Mild; rc.stIos.sues.s, nifilfd fur, .snouziii!,', seratrliinj', loss of sphineter 
control. 

^lodcratc: irregular respiration, jiunpiug. 

Severe: rearing, nasping, collap.se, convulsioii.s. 

(Depres.sion i.s the i)rineip:il .syinjitoin after dy.spnea has di-sappearecl, 
when animals show signs of recovering.) 

All the animals which have heeii use<l hy u.s in thi.s type of experiment are 
ineliuled in the results. 


ui.scr.s.siox AXn coxcnu-siox-s 

A slight prolongation of survival time after histamine hy histamina.se solu- 
tions occurred in both C and 1) of lOxperimeiit 1. and a marked prolongation 
in anaphylactic shock in hlxiu-riment II, Ikirt 2. To this extent our data agree 
with the findings of Karady and Ilrowne.-' However, in no experiment wa.s 
there any definite indication that the histaminase .solution had greater efficacy 
than an equivalent volume of the .saline .solution used to di.s.solve the histam- 
inase; and in Exiieriment I more of the .saline .solution group of animals sur- 
vived than of the histamina.se treated groups. However, none of the differeaee.s 
between any two groujis of animals is statist ieall.v signitieant. Therefore, the 
only conclusion which may safely be drawn from the exiieriments is that Karady 
and Browne’s statement that hi.stamina.se protects animals against histamine and 
anaphylactic shock is not suiq)orted cither by the evidence they offered or by 
our findings. It should be pointed out that this cannot be taken as proof that 
histaminase preparation.s altogether lack in vivo activity of this nature, but 
only that the question remains undecided at present. 

Because of the failure of any solution used in Experiment II, Part 1, to 
show protective action against histamine shock, we are unable to draw any 
definite conclusion regarding protective effect b.v saline iiuections. However, 
it is interesting to note that the dose of 8 ml. per kilogram is of the same rela- 
tive order of magnitude as that u.sed in intravenous saline therap.v for surgical 
and other shock in man. 
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TJPOMELANOTIC EETICULAR HYPEEPLxVSIA OP LYitPH NODES® 


Eeport of a Case 


Louis A. Soloff, il.D., Philadelphia, Pa. 


B iopsy, whenever po.ssible, has lieeome a routine procedure to establish a diag- 
nosis whicli cannot be made with certainty by anj’’ other means. This is 
especially true in the difficult group of diseases cliaraeterized by lymph node 
enlargement. It is important to bear in mind that local lymph node enlarge- 
ment may not necessarily ha.ve any relation to a sj'stemie illness of which the 
patient complains. The purpose of this paper Ls to report a characteristic lymph 
node pattern which was found accidentally in a young adult who died of acute 
pulmonary miliary tuberculosis. This benign lesion has some superficial histo- 
logic resemblances to the malignant lymphoblastomatous and lymphogranu- 
lomatous lesions with which, indeed, it was confused until the true nature of 
the lesion was descrilied by Pautrier and AVoringer.^ It is, therefore, \vorth 
while to caE attention to this generally unfamiliar, although probably not 
uncommon, lesion. 

report of case 


K. T., a young negro boy, 17 years old, entered the Temple University Hospital on the 
service of Ur. Charles L. Brown on Sept. Id, 1940. He was well until June 1, 1940, when 
he noticed sliarp stabbing pains around the heart, which lasted ten to fifteen minutes, and which 
were at times so severe as to cause him to faint. He was put to bed by his doctor for three 
weeks. At the expiration of this time he found that he was too weak to stand and was very 
short of breath. Three weeks before admission he developed pains in his extremities, espe- 
cially the lower ones, and in his joints. Since the onset of his illness he lost 50 pounds. All 
during his illness he believes that he had fever, which occasionally was as high at 104° F. 

Physical examination revealed a young adult negro male who had evidently lost con- 
siderable weight. There was nothing of note in the entire examination, except for the chest 
and inguinal lymph nodes. Expamiion was limited and lagged on the left side of the chest. 
There was impaired percussion on the left side posteriorly from T^ downward; this extended 
anteriorly to the midaxillary line. Breath sounds were absent in this region. There was 
moderate enlargement of the inguinal lymph nodes on both sides. These lymph nodes were 
discreet, not tender, and varied in size up to 5 cm. in diameter. 

The laboratory findings were as follows: hemoglobin varied from 11.3 Gm. to 13 Gm. 
{iladon-llausscr significant). R.B.C. 4.01 to 4.S3 million, AV.B.C. 0,300 to 3,700. The aver- 
age differential was neutrophiles 74 (K. P. 47), Ij-mphocytcs 17, monocytes 0, eosinophile 1, 
neutrophylic myelocytes 3. Urine wa.s slightly positive for occult blood, 6 to 7 B. B. C, per 
high-power field, W.B.C. 3 to 4 per high-power field occasional coarse granular casts. The 
electrocardiogram revealed a simple tachycardia with low T-waves, suggestive of some impair- 
ment to myocardial function, probably secondary to the patient’s general infection. During 
liis stay in the hospital he ran a continuous fever, ranging from 99° to 105° P, T-ray e.xant 
inatiou of the clicst revealed an abnormal diffuse punctate typo of density tIirou"hout boTh 
lung fields, and a small iluid collection in the left pleural space. Intravenous '’pvelo-r-m 
l)ro>onK*d ii iiurnuil x-ruy appoaniiU’e. ’ ° ^ 

•Kroin the Department of ileUicinc. Temple Unlver^sily Medical School Phil, ui 
Ilccelvca for publication. .Vovenber 30, lOtO. ^muicai ..chool. Philadelphia. 
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Tlio presumptive iliuf;iu).'’i.s \v:ih tiibereuloMS. However, sp\ituiii, "a.-)trie washings, 
urine, and cerebral spinal li\iid studies were repeatedly negative for tubercle bacilli. Be- 
cause of tiie inability to establish a detiiiite diaguo.si.s, it was decided to remove one ot the 
inguinal lymph nodes for histologic study. 

The lynipii node removed was pigmented and .slate gray in color. It was completely 
encapsulated. In one section at one pole there was a .single island of giant celLi, sugges- 
tive of tubereulous origin. The reinaimler of (lie gland had none of the characteristics of 
tubereulosis. There was considerable tbiekoning of the capsule. The follicles were small 
and poorly deliued ami had been replaced apparently by a tremendous hyperplasia of the 
reticulo-endotliclial cells. These cells were polymorphous in appearam-e with occasion.al 
prominent and multiple nucleoli. The most striking fe-.iture. howe.ver, was the trcincmlous 
infdtration of fat and melanin within the reticiilo-eiidotlieli.ul cells. 

The patient died on Oct. 11. ItUO, and autopsy discle.-ed an iieute pulmonary miliary 
tuberculosis with terminal miliary .spread to the other viscera. 



Fig. 1. — niustratlnp thickened capsule, disorganization ot normal architecture, marked reticulum 
cell hyperplasia with deposition of fat and melanin, 


DISCUSSION 

The major portion of the lymph node picture was not obviously due to 
tuberculosis. The tremendous amount of fat, melanin, and reticular hyper- 
plasia represented a puzzling picture until the contribution of Pautrier and 
Woringer was discovered. They found a rather characteristic histologic pic- 
ture of lymph nodes hi a variety of dermatologic diseases, the common denomi- 
nator of which was pruritus. They called this lesiou “La reticulose lipomela- 
nique.” The description of this lesion is taken rather freely from their con- 
tribution. 

The lymph nodes are normally encapsulated and free of adliesioiis. They 
are moderately enlarged up to the size of a pigeon ’s egg. Upon sectioning, the 
cortical zones appear clearer than normal, with scattered broivn flecks repre- 
senting melanin deposits. Histologically, the lymph node tends to retain its 
fundamental architecture. The lymph follicles are smaller than normal and 
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are separated farther apart than normal. This is due to the interfollicular 
reticulum cell hyperplasia, ivhieh causes a gradual reduction and ultimate dis- 
appearance of the secondary lymph follicles. The germinal follicle, however, 
remains active and may he larger or smaller than normal, depending upon the 
extent of reticular hyperplasia. The reticular cells are predominantly cortical 
in position, although with increase in production, they may invade the medulla. 
The reticular cells are large pale cells with indefinite cytoplasmic borders. The 
cytoplasm appears faintly vacuolated with an empty meshwork. The nuclei 
are large, clear, elongated, or irregularly oval, with sprayed chromatin and occa- 
sionally two prominent nucleoli. These cells contain large quantities of lipoid 
substances easily stained with sudan III or* scharlach R and are, according to 



Fig. 2. — High power. Illustrating the polymorphous reticulum cell hyperplasia. The black de- 
posits represent melanin. The clear spaces represent fat. 

Pautrier and Woringer, cholesterol and double rcfractile. In addition, in the 
peripheral reticular cells especially are deposited large amounts of brown pig- 
ment, which by staining can be identified as melanin. The entire vascularity 
of the gland is increased. The marginal subcapsular sinuses are dilated and 
free for lymphocytic circulation. Eosinophiles may be found in them. 

Pautrier and Woringer interpreted the hyperplastic proliferation of the 
reticular cells as due to an attempt of these cells to engulf and dispose of the 
excessive lipoid substances and melanin. They found these lesions in persons 
subject to a variety of skin diseases associated with pruritus. Normally melanin 
which is elaborated by the melanoblasts in the basal layer of the skin is expelled 
toward the surface by the normal proce.ss of keratinization. A minute histo- 
logically undetectable ciuantity may travel toward the regional lymphatics and 
ultimately be excreted by the kidneys, and perhaps by the intestines With 
scratching induced by itching, more than a normal quantity of melanin is 
formed. The regional lymphatics are dilated by the irritation. These factoi-s 
in addition to the massaging action of scratching, help to drive e.xcessive quan’ 
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tities into tlie regional lyinplialie.s, wJiero il is )rai)ped iiy tin; reticular cells 
and causes tliem to nniltiply. They helieve that the lipoid process is similar. 
The uiuount of melanin deposition varies with the duration and the .severity 
of the skin lesion. It jn-obably also varies with the mchinin content of the skin. 

Iti the absence of considerable jiielanin deposition, the lymph node may 
bear a striking resemblance to Hodgkin s disea.se. Dorothy Deed cells are not 
present, but the reticular cells are highly polymori)hou.s and vohimiaoiis at 
times. The nucleoli are ju’ominent and may be multiple; eosinophilc.s, pla.sma 
cells, and neutrophiles may be i)lemiful in llie subcai)sular lym[ihatics; tibro.si.s 
may be pre.sent in the older lesion.s, aiid a partial or complete dlsorganiication of the 
lymph node architecture appeals, [ndecd, the diagnosis of Hodgkin's di.sease, 
mycosis fungoides, and reticulum cell .sarcoma had been made on many ti.s-sues 
which Pautrier and Woringcr later diagnosed as •*[ai rcticulose lipomelanitiuc.” 

*\i'tcr histologic e.xamination of the lymph node, the patient wa.s asked 
specifically if he ever had any skin disorders. He stated that for several years 
he has had itching, occasionally scaling lesions in both groins for which numer- 
ous remedies had been tried unsuccessfully. These lesions were thought to be 
due to his occupation, which wa.s that of prc.ssing suit.s with a steam i)re.s.sii)S.' 
machine. This required him to ])laee one foot alternately on a foot stool. Ap- 
parently the heat and friction were sufiicient to set up this irritation. He fre- 
quently attempted to obtain relief from the itching by .scratching. He had been 
doing this work irregularly for the preceding four years and about two veal’s 
before, he noticed the ai)i)earancc of ‘'lumps" in Jiis groin.s. 

COXCLUSIOX 

A specific lymph node picture distinguished histologically by a marked 
reticulum cell hypciqilasia rich in fat and melanin occurring in a variety of 
diseases characterized by itching is reported. 
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LABORATORY METHODS 


GENERAL 


THE OPSONOCYTOPHAGIC TEST IN ACUTE DIAREHEA IN INFANTS 

AND CHILDREN'^ 


]\Ierlin L. Cooper, M.D., and Janet P. Milliken, M.S. 
Cincinnati, Ohio 


F or sevei’al years extensive bacteriologic studies have been made of the stools 
of infants and young children who were admitted to the Children's Hospital 
of Cincinnati suffering from acute diarrhea. Stools from 50 per cent of these 
patients have contained Shigella, paradusenteriae^ (dysentery bacilli), hut re- 
peated stool examinations have offered no information regarding the etiologic 
factor in the patients from whose stools Shigella paradysenteriae could not be 
isolated. It was hoped that a determination of the opsonocytophagic power of 
the blood of such patients for the organisms isolated from their stools might 
indicate a possible causal relationship between the presence of these organisms 
and the disease. This theory was not substantiated by observation in our group 
of patients — high indices being obtained from patients both with and without 
diarrhea. The results from the patients with dysentery, however, were of con- 
siderable interest and, accordingly, are being reported here. 


5IETHODS 

The method employed for studying the opsonocytophagic index was for 
the most part an adaptation of the method of Huddleson, Johnson, and Hamann,- 
and consisted of mixing equal quantities of citrated whole blood and standardized 
formalin-killed bacterial suspension in agglutination tulies, incubating for thirty 
minutes at 37° C., mixing, streaking as for a differential blood count, staining 
with dilute crystal violet, and determining the number of organisms in fifty 
polymorphonuclear leucocytes. Whole blood was used throughout these stud- 
ies, because previous investigations by others^- ^ indicated that there is thus 
obtained a more accurate indication of the actual phagocytic re.sponse to bac- 
terial invasion than when serum plus washed leucocytes of another individual 
or species is employed. 

Sodium citrate was used as an anticoagulant, since, in our experience 
heparin was not so satisfactory. Two and a half cubic centimeters of blood were 
added to small tubes containing 0.1 c.e. of a 20 per cent citrate solution in 0.9 
lier cent sodium chloride. The final concentration of citrate was 0.77 per cent 
The sp ecimens were kept in the refrigerator to prevent disintegration and were 

•Frum ChUtlrcu’A llotiultiil llc.-uircU Foundation. Clncinn'iH nutrx i 
iiDUt of IVdUarlCi*. Unlv<:rt<Uy oC CiuclnnatL v..munnau, Ohio, and Uic Depart- 

IVcclved for pubUc.illon. March 20. 1911. 
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used within foiu’ hours after tlioy Iiad hecji obtained from the patient. Speci- 
mens were thoroughly jnixed just before using. 

The formalized bacterial su.spc)i.sion.s* wore prepared by washing the growth 
from several twenty-four-hour-old brain agar .slants with dilute formalin 
(0.4 e.e. of commercial formalin to 100 e.e. of a 0.9 per cent sodium chloride 
solution). After these .su.spcnsion.s of bacteria in formalin had been allowed to 
stand at room temi)erature for twenty-four hours, they were washed hv 
centrifuging, decanting, and resvispending in fre.sh 0.9 per cent sodium chloride 
solution. Tills process was repeated three times. The demsity of the su.spen.sion.s 
was standardized by the method of f.i'ate.s.'' .so that a wire loop could be .seen 2 cm. 
below the surface. Appro.ximafcly 0.1 jier cent formalin wa.s added to the .stand- 
ardized suspensions as a preservative. 

The phagocytic tests were set up in small, sterile agglutination tube.s. The 
citrated whole blood (0.1 e.e.) and tlie formalized bacterial .suspension (0.1 e.e.) 
were mixed bj' shaking tlic racks of lubes twenty lime.s, after which they wore 
placed in an incubator at 37° C. At the end of thirty minutes tlie tube.s were 
removed, the contents were mi.xed by tapping gently twenty times’, and the tuhe.s 
were placed in an iee-water bath in order to ehcek further phagocytosis. -V 
small amount of the mixture was removed from each tube with a capillary 
pipette and smears were prepared as for a differential blood count. The hast 
preparations wore those on which the smear thinned out and terminated near, or 
just beyond, the center of the slidc.s. It wms found advi.sahlc to dry the smears 
rapidly by fanning at room temperature in order to avoid distortion of blood 
cells. 

jMost of the stains recommended by other workor.s did not appear to be 
satisfactory; .some of them failed to stain the bacteria well, sonic stained the 
red cells too deeply, and others gave a hazy, iiulisfim-t ajipcarance to the entire 
slide. Eventually, it was found that crystal violet gave cxecllent stains when 
used in the following manner: Smears were fixed momentarily in absolute 
methyl alcohol. While still di’ipjiing with alcohol, tlioy were immersed in freshly 
prepared dilute crystal violet (1 drop of .saturated alcoholic solution per eiihie 
centimeter of distilled water) for approximately ten seconds. They were rinsed 
immediately in running tap water and dried rapidly in air. 4'lie bacteria 
stained deep purple; the white cells, lavender; and tiic red blood cells, bluish 
green. 

Parenthetically, it may be noted that this method of determining opsono- 
cytophagic power was satisfactory when used in the study of patients suffering 
from typhoid fever. The stained smears were examhied by means of the oil- 
immersion lens. Host of the leucocytes woi-e found along the sides and terminat- 
ing edges of the smears. The number of phagocytized organisms iii fifty poly- 
morphonuclear leucocytes was noted and the average was then determined. 

STUDY OF PATIENTS AVITH ACUTE GASTKO-EXTERITIS 

A number of different organisms Avere isolated from tlie stools of infants 
and children suffering from acute gastro-enteritis, in Avhose stools no members of 
the Shigella group Avei’e found. EscJierichm coli Avere isolated from the stools of 
each of tAvelve patients; Streptococcus faecalis and organisms in the Aerobacter 
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group from, approximately two-thirds of the patients; members of the Sal- 
monella group from one-third of the patients; and members of the Proteus group 
from two patients. The phagocytic counts varied greatly for these organisms, 
and the high indices were distributed at random throughout the gastro-enteritis 
group and the control group withovxt diarrhea. lu none of these patients could 
any significance be attached to a high phagocytic index. 

Table I 


OPsoxocwopHAGrc Index on Blood of Patients With DrsENTERx Compared 
W iTU Patients Without Dysentery Usino the Same Organism 


DYSENTERY PATIENTS { 

NONDIAREHEA PATIENTS 


opsonocytophagic 

PATIENT 

OPSONOCYTOPHAGIC 

PATIENT 

INDEX 

INDEX 


HOilOLQGOUS CULTURE 

1 

D.H. 

9.6 

B. 0. 

0.3 

J.H. 

21.5 

B.O. 

i 0,2 

E. S. 

37.5 


1 

W, W. 

4.2 

K.O. 

0.4 

E.W, 1 

a.G'* 

D, A. 1 

0.1 



J.C. 

0.3 



B.E. 

0.4 

P.B. 

9.3 

R.B. 

1.1 

S.D.* 

1.0* 



B. D. 

1.4 

H.M. 

0.6 

P.jU. 

27,2 



H.H. 

22.8 

D.P. 

0.1 



P.B. 

0.1 


•Fc7ur weeks after onset of disease. 


PATIENTS WTH PTSENTERY 

If the phagocytic counts on the blood from ten patients Avhose stool cul- 
tures contained Bhi()dla paradysenteriae are compared with those from a group 
of patients iritiiout dysentery, as in Table I, it is seen that the blood specimens 
from all the patients with dysenteiy tested gave increased counts •with the 
Shigella antigens, xvhereas none of the blood specimens from the patients with- 
out diarrhea showed any increase. Counts above 0.5 xvere considered to be sig- 
nificantly increased. The blood was secured during the acute stage of the dis- 
ease, except xvhen other-wise noted in the tables. 'Variations in the opsono- 
cytophagic index on blood of the patients xvith dysentery are seen in Table II, 
showing the tendency to increase duz-ing the acute stage and to decrease with 
convalescence. ' 

Table II 

Pir.vGOCYTic Studies on Blood op Pive Dysentery Patients During 
Acute Stage and at Dater Periods 


IMTIEXT 

IXLRX 

ACUTE STAGE 

TIME OP 

SECOND TEST 

INDEX 

.T.H. 

W. W. 

B. \V. 

K.D. 

JI. M. 

E. M. 

21.5 

4.2 

0,7 

1.3 

22.5 

16.3 

4 mo. 

19 days 

1 mo. 

2 mo. 

5 days 

5 days 

7.3 

0.2 

9.6 

0.8 

26.2 

2S.1 


STUDY 01' A r.VUILY IVZTH DY'SEXTEKY 

Ii.u-Rs.ing obsmatioM WQ.'o made ol the plmgec.vtic eoanls obtained tvitli 
blood troa. aevetul eh, Id™. ,a «„« fan.il,, aevorai tnembe.s o£ tvhom bad 
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dysentery (Table III). .Shiijillu paradi/sinliriac of the Fle.xncr type were 
liiolated from the stools of four of these ehihlren, Klizahetli, ICu-enc, Florence, 
and Harriet, only t!ie last of whom was severely ill. Two other siblings, George 
and Alice, also had diarrhea, but no .VAiV/H/n pumdi/stHla-uic were isolated from 
their stools. The other sibling, .fennie. had no diarrhea, and no organisms of the 
.Shigella group were foinul in her stools. 

Taiii.k Jir 





SHIG. 

I'ATIKST 

DtAUUHEA 

.STOOI. 

CCl/n-KK 

r.viiAUvs- 

ixSTKia.u; 




( ItAUr.lET) 

KUzabeth 

Eugene 

Fioreneo 

Harriet 

-Vlicc 

George 

•tennie 

fV. F. 

X 

M. S.i 

Yes 

Ye.s 

Yes 

Yes 

Yes 

Yes 

Xo 

Xo 

Xo 

Xo 

Po.sitive 

Po.sitive 

Po.'itive 

Positive 

Xegative 

X'egative 

Xegative 

I'S.l 

io.a 

S.2 

c:!.-i 

0.1 

0,1 

0.S 

« •> 


K. COU 

(ri.ouK.vci:) 

K. roi-i 
(HAUKIKT) 

.U.l!OilAC- 

TKi; 

AKUOOIKVKS 
( IIAKUICT) 

STTXP. 

KAECAUS 

(ftOKE.VC£) 

l-’.o 

0.7 

0.5 

2.0 

1 0..'; 

■1.0 

0.3 

1.5 

37.0 (0.S‘) 

0.7 


2.5 

•1.5 (0..5*) 

1.0 (0.0*) 

0.5 

l.-i 

2!).0 

' 7.(i 

0.0 

1.9 

12.5 

1.0 

0.0 

! l.-i 

0.0 

1.:; 


I "• 

0.8 

0.3 

0.2 

0.7 

■I.T 

* 



o*> »> 

0.7 

0.5 

1.0 


tlnfani with sculp infection. 

nC"aS'e 2ool '““I “>i>l "ic two wlio liail diarrhea with 

y"> 

SutSu .’"'’I' " “ “ '>‘“>1 '.E >'■« 

exaeot in the inata( r r*r t’t.tyalod index for the ShiycUu panidysciitcnac, 

index wax onlv xli |)T ” 1 * ’ '"Ett"’ with ftinineuiosia of the seaip, whose 

index was onlj slightly above normal. 

SU.WJIAUY 

of from parents suffering from aeiito infeetions with members 

with intt!f ofr increased opsonocytophagic counts 

with antigens ot these organisms. Blood from patients without diarrhea did 
not give increased counts with sneh antigens. 

Blood from patients suffering from infection with Shi(/cUa panidyscntcriae 
and fioni those with diarrhea whose stools did not contain these organisms gave 

These tests do not fnrnisli evidence susgesting that any particular bacteria 
might be the ca, native agent 11 , those children suffering from diarrhea whose 
stools are negative lor the Shigella group. 

The opsonoejdopha^e test aids in the diagnosis of infection with mgella 
paradysenteriae, but it is not a necessary test when it iias been demonstrated 
that the stools of patients contain these organisms. A negative opsonoevtoplia-ie 
test (counts less than 0.5) probably indicates the absence of dysentery infection 
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A NEW METHOD OP STAINING WITH WRIGHT’S SOLUTION* 


ViCTORINO DE LA PUENTE, A.B., M.D. 
jManila, Philippines 


'^HE primary requisite of a good metpod of staining is its capacity to reveal 
■T clearly tPe various structures in the blood film in order that they may be 
easily distinguished from one another. Simplicity, practicability, and rapidity 
may also be added as indispensable qualities for clinical purposes. 

The method now suggested carries these features. It is as follows : 

1. Cover the dry smear with a few drops of Wright’s staining solution. 

2. With the breath blow the smear as uniformly as possible until it becomes 
pinkish violet in color. This process ivill consume about ten seconds. The harder 
one blows, the faster will be the fixation of the stain. 


3. Wash with tap water. 

4. With the water running slowly over the slightly tilted slide, pour a few 
drops of Wright’s stain. The contact between it and the smear should be made 
as short as possible. A long contact may decolorize the smear. 

5. Wash, dry, and examine under oil immersion. 


Two new features have been introduced: (1) the blowing of the smear 
with the breath, and (2) the washing of the stained smear nuth the staining 
solution itself. The first accelerates the process of staining, reducing its entire 
duration from minutes to seconds. The second dissolves the precipitated 
particles left in the course of staining. It thus solves one of the important 
objections to AVright’s stain, i.e., precipitation of the solution on the .slide. 

Another decided advantage of this method is that in case the hematolof^ist 
is not satisfied with the shade of color obtained at the first attempt, he may 
rectify it without much loss of time. If the smear is understained, he may re- 
peat step 2 ; if overstaiued, step 4. It must be remembered that AY right’s stain- 
ing solution is a decolorizing as well as a coloring agent, depending upon the 
durat ion of its contact witli 11)0 smear. Tlii.s method renders the°blood film 


S.UAO Ho=,.mn. and the Department of Medicine, University of 

Ui-cvl'Ail for I'ublicullcn. Novcml>cr 16, I'JIO. 
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flexible in the liantls of the examiner. The proee.'i.s of restaininif and dfceolomin'j 
may be repeated several times on the same smear without the sliglitest iiijuiy to 
the cells. 

If a more thorough study of the red blood cells and the platelets is desired, 
the following procedure may be inserted betsveen steps 3 and 4; 

3a. Dry the film, j)ut one tlrop of cedarwood oil over it. Add xylol to dis- 
solve and with the palmar surface of the small finger cover the whole slide with 
the solution, in the same way as when cleaning a slide after use. Dry and 
proceed to step 4. 

This modification, which turns the film ])inlc in color, is u-seful also in the 
examination for malarial parasites and in counterstaining after brilliant cresyl 
blue. It deepens the contrast between the malarial bodie.s, or the “net” struc- 
tures and the pinkish cytoplasmic background. 

I have employed this method with goml results in staining smeai'S secured 
from the perijiheral blood and the bone marrow. I have found that it has all 
the advantages of Wright’s and Uiemsa’s stains minus their objectionable 
features. 

SUJIilAUV 

A new method of staining with Wright’s solution is proposed. It is simple, 
very rapid, practical, and convenient. It docs not leave precipitates on the slides 
and shows structures very distinctly. A modification of the same for the study 
of the erythrocytes, iilatelets, reticulocytes, and malarial ])arasites is also recom- 
mended. 


A illETHOD FOU STOiMAClI TUBING S.MALL ANDIALS* 


Charles S. Matthew.s, M.A., Edward L . .Scuwade, 3I.A., 
AND Frederick E. Emery, Fii.U., Bi ffalo, N. V. 


R ecently we were confronted M-ith the problem of establishing a tech- 
nique suitable for the prolonged oral treatment of a large number of rats. 
The procedures used by others seemed both unphysiologic and too time-con- 
suming, and in addition entailed unnecessary risks. For example, a method 
necessitating the use of an anesthetic requires too much time and may' have un- 
physiologic sequela. In our trials the use of a semirigid catheter as a stomach 
tube proved unsatisfactory', since the material was readily nicked by the teeth 
of the rat and the sharp edges of these cuts were obviously a source of irritation 
to the esophagus. The splendid results obtained by the method of Pugh and 
Tandy, ^ which employs a modified liy'podermie needle, are indicative of a highly 
feasible method. Nevertheless, we ivished to simulate more nearly' the proved 
procedure employed for human work. 

After trying these procedures with modifications, we finally developed a 
method which involves not only a minimal number of manipulations on the part 
of the operators, but also relatively' little discomfort to the rat. 


•From the Departments of Physiology and Materia Medica, University of Buffalo. 
Received for publication, March 10, 1941. 
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During a period of six months some 200 animals of various ages have been 
subjected to this procedure for vaiying lengths of time, representing approx- 
imately 4,000 treatments without the loss of a single animal from trauma or 
drowning. 

The procedure we have developed is easils' and rapidly performed, and 
entails no deleterious effect to the animal. 



Fig. 1. — Shows the instruments used for this method. 

Fig. 2. — The esophagus of an animal treated by this method three times weekly for twelve 
weeks (enlarged 50 times). 

Fig. 3. — The esophagus of an untreated animal (enlarged 00 times). 


APPARATUS 

In order to open the rat’s mouth and at the same time have complete con- 
trol of its jaws during the procedure, the forceps sliown in Fig. 1 was de- 
veloped. The instrument, called a needle nose pliers, may be procured from 
any automobile supply store for a nominal sum. The original spring attached 
between the handles was considered too stiff and was, therefore, removed. To 
develop the necessary tension rubber bands were substituted and wound around 
the blades just distal to the fulcrum. In this mamier the amount of tension may 
be nicely adjusted to please the operator. 

A No. S or 10 soft rubber catheter was emploj^ed as a stomach tube. A piece of 
adhesive tape wrapped several times around the catheter not only marlis the dis- 
tance it is to be passed, but also protects the tube at that point from the an- 
imal’s teeth. 

A large No. 12 gauge hypodermic needle, which snugly fits the catheter 
w;is used to attach it to the syringe. ’ 
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I’KOCKDUIti: 

oi't'nilor.s, one to lioUl (he aiiimai ami open its 

1] oueps, and the otlicr to j>ass the stoniaeli tube and administer 

the medication. 

tl.o ‘“>””‘>1 '■'> linld j'cntly hut lirinly, it.s hcatl pi-ojecting upward between 
m- ; toiedinger. hxce.ssive motion i.s prevented Iiy extondiii" the re- 

in*! '* * In' belly oi the rat.. With the other hand the operator 

sei s It j .u e.s oi‘ the toreep.s between the jaw.s ju.st behind tiie incisors ami 
Pie.ssiue sullieient to maintain tlie mouth in a suitable po.sition for 
passage o t le .stomach tube. The other oiierator (hen procceils to pas.s the tube 
1} lunmng ihs tiji along the roof ol (he mouth to gain entrance into the esopha- 
oUs, am will gentle pre.ssure luishes it downward until the strip of adhesive 
tape IS at the level of the incisor teeth. 

One of the advantages of this method is that the operator i.s able to feel 
anj a noima lesistance that the tube may encounter in its eour.se and is thus 
^ I. ^ n’.ini\ or death of the animal. If this condition occurs when 

about two-thirds the measured distance of the tube has been inserted, one may 
feel reasonably certain that the trachea luus been entered. If, however, the 
imdrance is beyond this ])oint, it is almost certain to be at the cardiac .sphincter, 
in either case it is best to remove the tube entirely and to rejicat the i)roce.ss 
alter the animal has rested several minutes. 

In order to ascertain whether, after a prolonged period of treatment by this 
method, any unwarrantable conditions developed, each esophagus and stomach 
was subjected to a careful c.xamination. Some one hundred examinations showed 
no gross pathology. Sulisecpient histologic studies revealed only one case of a 
raumatic ulcer The esophagus shown in Fig. 2 is typical of an animal treated 

three times weekly lor twelve weeks. Fig. 3 shows the esophagus of an untreated 
animal. 

imi’lCKKXCK 

O'-"' in Eats 



THE MICROSEDDIBNTATION RATE^ 


Robert S. Herzog, IR.D., Chicago, III. 


T he usefulness of the sedimentation rate is well established in following the 
course of rheumatic fever and rheumatic heart disease. It has been widely 
studied in tuberculosis and in many other conditions. Interest in the test ap- 
pears to be increasing, and the desirability of a clinically suitable mieromethod 
woidd seem evident. 

It is the very multiplicity of methods for the sedimentation rate that has 
probably kept this test from having the widespread clinical use that it deserves. 
Each method has required its ov»ti normal standards, and in the ease of micro- 
methods, these “normals" have often been inadequately derived, and unverified 
by others who have accepted them. This may explain why some authors con- 
sider that an adequate mieromethod does not exist. 

Recently, a monograph on sedimentation considered only venipuncture 
methods, and showed that the small diameter tubes of any mieromethod would 
have a greater inaccuracy than the larger macrotubes.'* This need not prevent 
the use of the mieromethod clinically, although it might well interfere with the 
study of the nature of the sedimentation phenomenon. Uneven settling of the 
column of red blood cells, probably the chief criticism against the use of the 
narrow microtuhes, has rarely occurred in my studies. (Irregular settling, 
whether in large or small tubes, is sometimes due to reticulocjhosis, as it has 
been shown that the reticulated red blood cells remain at the top of such tm- 
evezily .settling eolmnns.^^) 

Any method for sedimentation must provide for collection of blood with 
the use of an anticoagulant, adequate mixing, and suspension of the blood col- 
umn in a .strictly vertical position. As long as this required two to four or 
more pieces of glassware, and as many maneuvers, no method, micro or macro, 
was likely to get into widespread use in the office or clinic. Seven years ago 
Landau* published his mieromethod, which was simple to the point of encourag- 
ing frcipicnt use. I have worked with it since 193-1, and wish to report certain 
further simplifications (but not fimdamental alterations) of the method, as 
well us the results of my dinieal studie.s and the normal values established with 
Us use. 


Siuec this is not fuiulamentaiiy a new method, the results are directly com- 
parable with previous studies."'' * Tlie results arc not comparable with other 
methods unless the height of l!\c blood column in the tube and the method of 


.inii uie earuio-V ascular De- 


•Priuu Uio .vaol.;.-ct.iU Carvliiic Clinic, the ilmlical Scrv!c. <! 

I'arliiii nt of Uu' Mlclia.-! Itic.-c llo.'lilt;0. 

ITc.-.-nlca ia yM before the CUicugo S^ockly of Intnnal .MviIIcine. March '‘T 
Uecevvvd fur i>ubhcatlt>n, March -2, 1341, 
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JIKOICINK 


Ta!5I,K I 

CosD-Aiiiso.v (U' I*i:Kvi<)t;st,v I));.S( |:ii;kd .\Ihi:omi;tiioi..s 


AUTIIOIi 


Liimlaus 


Elgliaminor^ 


Culler- 


JlcSwcenoyo 


Beaumont 

and 

Mayeooki 

Smitli >2 


Rogatz'i 


VtAI 


19;!: 


1931 


1927 


1931 


1935 


1930 


1938 


Vollmern 


Katoo, ' 


1939 


1910 


XO!tMAI..S 


to 8 mill, ill 1 Iiour (171 
D;.s(s on 78 ehildreii; 1 to 
5 win. ill 70 wen; i to S 
ww. in SO ivoweii) 

•’! to S ww. in children 


2 fo S ww. for men; 2 to 10 
ww. for Women. (Cow- 
parable to hi.'< waeroineth- 
od, mIucIi aL *'0 use.s a 5() 
ww. blood culiimn height; 
5,000 patient.-) wore i-tu.l- 
icd by the niaeroiiiethod) 

normal i 

I -* 1 rheumatic 
cliildreii in a quic.-cent pe- 
riod ' 

0.5 to 1 PEI’ CE.VT in one-half 
hour for men, and 1 to .S 
ckn't for women 

‘IVithin the range usually 
stated by the Cutler veui 
puncture method for nor 
mal adults.” Did 15 tests 
on 12 patient!), but onlv 18 
tests on patients 8 vear.s 
old or over 

All observers have found 
that .a normal sedinienta 
tion value lie.s between 5 
nun. in one-half hour and 
10 mm. at the end of 1 
hour.” Reported only 7 
tests on children 8 vears 
old or over, and onlV 50 
tests in all 


S to 10 mm. 
Over 15 


in 1 hour, 
mm., "marked ac- 
celeration.” Did 101 tests 
on 52 children 

to 20 PER CEXT 


1)2.5 mm. 


50.0 mm. 


100.0 min. 


100.0 mm. 


50.0 mm. 


11.5 mm. 


l.K.N'iiiu or 
m.oou 
cor.uiiN 


01 to 102 mm. 

(Whatever the 
tube dimen- 
sions, a VOL- 
UME of 50 
c.iiini. of blood 
is constant) 


IJORE (IE 
TUUK 


.v.\TI- 

COAGEU.NT 


1.0 mm. 


I^indau 's 
methoii 

2.5 mm. 


1.0 mm. 


5% soilium cit- 
rate 


5% .--oJiura cit- 
rate 


’!.S9o sodium 
citrate 


1.13 mm. j.'i.SCo sodium 
citrate 


5^0 sodium cit- 
rate 


Smith ’s 
method 


0.79 to 1 
mm. 


3<;3 sodium cit- 
rate 


Special potas- 
sium oxalate 
formul.a 
• ‘ approaches 
heparin in 
results” 


recording are the same (see Table I). The atfomTit f.. 

, T XT .11* ^ compare dillerent inetliods 

by recording the imllimeters of eottling os percentoges of the original blood 

column heigh is only approsimotely accurate, since changing the height of the 
original blood column does not necessarily change in like degree the observed 
sedimentation distance. 
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Landau reported his readings as millimeters in one hour (i.e., millimeters 
of fall of the top of the settling eiTthroeyte column). In my experience, this 
method is clinically adequate and preferable to other methods of reporting, such 
as millimeters per minute during the period of greatest fall, arbitrarily chosen 
inde.x or percentage systems, or the time required to fall some given distance. 
A graph can be made of the rate of fall by five-, ten-, or fifteen-minute pei-iods 
during the hour, but this is rarely useful, and certainly not conducive to doing 
many tests at one time, as in a clinic. Occasionally comparison of the thirty- 
minute value with the final reading appears to be useful. 

The normal values previously established have been open to question. 
Landau’s original material consisted of 78 children, admitted to the hospital for 
various causes, and found, after careful examination, to be Avithout demonstrable 
symptoms of disease.* On these patients 178 tests were done. Landau adds that 
“we had ample experience among policlinic patients. The noi’mal values for 
children over hvo yeai's of age may vary from 1 to 8 mm. Avithout any patho- 
logical condition being present. We have been unable to discover any note- 
Avorthy difference in value for different sexes Avith any degree of cei’tainty. Our 
impression is, hoAvever, that as a general imle the normal values do not exceed 
5 or 6 mm. But it is of great importance in such a phenomenon as sedimenta- 
tion not to draAV too narroAv limits for the normal Amines.” In 80 healthy 
Avomen of the hospital staff he found values of 1 to 8 mm., and in 70 men, values 
of 1 to 5 mm. 


The next year Elghammer,® using Landau’s method, stated that "values 
of 3 to 8 mm. are to be regarded as normal rates in children; 8 to 11 constitutes 
the zone of possible pathologic indication, 11 to 25 a definitely increased rate, 
and 25 to 50 a marked acceleration.” 

No subsequent studies by this method have appeared in the American or 
English literature. Seven other micromethods have been described, each Avith 
the fault either of needless complexity of technique, or of inadequately deiuAmd 
normal values, or both. These are summarized in Table I, along Avith Landau’s 
and Elghammer’s results. 


In the present study Avith Landau’s method, about 2,600 tests Avere available 
for analysis. Experience soon shoAA'cd that acceptance of previous normal stand- 
ards was causing confusion and apparent unreliability. An attempt aaus made, 
therefore, to deriA'c normal standards, statistically, and in patients clinically 
verified to be normal as far as activity of rheumatic infection Avas concerned. 

It is not my purpose to diseus-s the nature of the phenomenon of sedimenta- 
tion, influence of various anticoagulants, the detailed comparison of micro- 
methods and macromethods, nor the question of tlie various so-called corrections. 
This has been well covered by others.*- Landau’s method has been found 
useful clinically without eousidering any correetious other than that of room 
temperature. This .should be betAveen 60° and S0° F.; if the room is 5° to 
10° F. above this, the reading may be 2 to -i mm. higher; if the room is cor 
respondm-gly below G0° P., the reading may be 2 to 4 mm. lower than the “true” 
reading (see also Appendix at end of paper). Fortvmatelv, the present trend of 
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iiivestigaloi's i-s to roali/.e that “ourm'tion.s” may well favor iiieorreet clinical 
judi^iaout.s. ilamhleton ami {.'lu'i.slian.soii,^ ami Ivato,’’ have .strcs.setl this in 
particular. 

Of the 2, GOO te.sts mentioned, which were the hasi.s of thi.s study, 2,094 tests 
were made on patients, from 8 to 23 yeans old, with eardiae involvement. The 
immediate purpose was to estalilish "normal values” for this yroiij), so as to 
make of the te.st a useful indicator for Jud'jim^ the pre.sence nr iihsciii-e nf udiir 
rheumatic infection. The following: were the criteria for selectin" tests for 


statistical analysis of the normal ranm*: 

1. Alnsence of any clinical evidence of itcltn rheiimalie infection or carditis 
at the time of the test. 

2. Absence of any type of infection or recoi'iiized disease, other than the 


inactive rheumatic fever, at the time of the te.st. 


3. Absence of any suspicion of such rheumatic activity or other disea.se or 
illne.s.s within a month hefore ami after the f'ivi-n test. 



Millimeterj tn On^Hosi*’ 


Fig. 1. — Di.stiilnition curvu for (ioloriDining iioniial values. 


Tests not meetin<' these criteriji were not included as a “normal’’ fo^’ 
statistical study even if they fell unqucstionablj’- within the normal range. 

On the above basis, 1,165 tests were suitable for analysis, 620 on boys and 
545 on girls. Of these, 352 were done personally; the remainder were done at 
the Sunset Camp for Cardiae Children by eight resident physieians under my 
supervision. In many instances, the children were seen year after year’, at 
the camp and in the various clinics in Chicago. 

Fig. 1 shows the distribution curve of these 1,165 tests. It is seen to be 
skewed to the left, but it is reasonable to accept it as being ndthin the limits 
of a normal distribution curve. In such a case the data from wliieh tJie curve 

»A special statistical study Avas made to demonstrate Uie fact that these residents learned 
the method quickly, and that their results Avere uniformly comparable and reliable. 
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is constructed may be used for the statistical derivation of a range of normal 
values. The basis for these statements is found in Table II, as well as the results 
of the statistical study. In a series of studies, one of the purposes of which was 
to establish normal values for a modified macrosedimentation method, Osgood 
and his associates"® have shown that tlieir observed values for the sedimentation 
rate also follow a skew curve. 


Table H 


RESULT.S OF .V St.vtistical Axalysis of 1,165 MickosepimesTxVtiox Tests for the De- 

TERMIX.VTIOX OF NORMAL A^xVLUES 



TOTAL 

BOYS 

GIRLS 

Number of tests 

1165 

620 

545 

Range 

1 to 33 

2 to 33 

' 1 to 27 

llean 

8.53 

7.80 

9.33 

Mode 

5 

5 

1 

Standard deviation 

4.62 

4.67 

1 4.57 

.Average deviation 

3.54 

3.47 

! 3.63 

Standard deviation divided by aver- 
age deviation*^ 

1.31 

1 

1.34 

1.26 

Error of mean 

±0.14 

±0.19 

±0.20 

Upper limit of normal 

17.76 

17.14 ’ 

18.47 

Upper limit of normal for practical 
purposes 

18 

IS ; 

18 


'For a "norma! curve," fhfs quotient is usually consiuered to be 1,25 or less. The values 
here shown are trivially over the limit 


Inspection of Fig. 1 shows a range of one to 33 mm. in one liour. How- 
ever, the upper limit of normal is not to be taken as 33 mm. The mean is 8.52 
mm., and as seen in Table II, the standard deviation of the mean for all tests 
is 4.62 mm., with the standard error of the mean 0.19+. In other words, the 
mean really is somewhere between 8.33 mm. and 8.71 mm., and the average varia- 
tion from the mean of any given test is 4.62 mm. 

For practical purposes the range of norma] values is usuallj^ considered to 
be two standard deviations in each direction from the mean, when such data is 
available and forms a curve whose degree of skewness is within the limits of a 
normal distribution curve. Hence, 2 times 4.62 (tlie two standard deviations) 
plus 8.52 (the mean) equals 17.76 mm. Since the test is read only to the near- 
est millimeter, it may be stated that IS mm. iii one hour is tlie upper limit of 
normal for all tests. 


The lower limit becomes ]es.s tliau zero, which would mean, statistically 
that there was no such thing as too slow a rate. Actually, this is not the ca.se’ 
as will be discussed subsefjuently. ’ 


Theoretically, 95 per cent of all the tests are included in this total raime of 
lour standard deviations. Actually it here includes 97.5 per cent. Althou-h the 
half dozen or so - unexplained” high values are almost certainlv artifacts” thev 
are not excluded from analysis. ' ’ 

liel-erence to Talde II again will show that the upper normal limit for .n'rls is 
slightly higher than for boy.s, and this is true also of the mean value.s-. \bese 
dilicreiices can be .shown to be .statistically significant, but practieallv tbev are 
iinmiporfant, beiim scarcely more tlian a millimeter \s st iled n>w' 

Ust Is read only to the nearest millimeter. Prevmnsly, the 
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Tweutj'-five per cent of llie.su te.st.s are liiglier tliaii 10 mm., the previously 
accepted normal limit. Jii reviewing the reeord.s of uU tho.se patients in the 11 
to 18 mm. group, it i.s found that, lir.st, many jiatient.s with mild upper re- 
spiratory infections and various minor conditions have normal rates, that is, IS 
mm. or less. It has heeu an aid to clinical thinlcing to regard these as normal 
rather than a.s “slightly elevated’’ rale.s. 

Secondly, and more important, no one with a rate cou.si.steiitly 18 niiii. or 
less had uctivc rheumatie fever or carditis at the time of the te.st.s. Seeming 
contradietions to this are rare. 'I'he most important e.wcption is congestive 
lieart failure following acute rheumatic carditi.s, when the rate may fall to 
normal levels (jicrhaiw heeause of liver damage witli eonseiiuent decrease ui 
blood fibrinogen). 

No further commeut is necessary ahout the wclI-rccoginV.ed Jiigh rates ni 
the presence of acute rheumatic fever or eartlilis, nor the fact that the high 
rate may liavc some other e.xplanation. 

The finding of a rate of 1 mm. or lo.ss should sugge.st fii-st a clot in the tube. 
In its absence, the po.ssibilities of iiolye.vthemia, liver damage, and finally, 
allergic state should be considered. I have observed for .some veal’s an adolescent 
girl with mitral stenosis and true hrouehial asthma whose scdimeutatioii is usu- 
ally 4 to 10 mm. When she developed a mild acute polyarthritis and carditis, 
her rate rose to 16 mm., regarded as abnormal for her. 

There is a great value to repeated tests oii each patient, so that the nor- 
mal or control values may be established. In tliis way the signifieaneo of changes 
may bo better appreciated. Normally, the sedimentation rate does not change 
more tlian a millimeter or two from day to day or week to week. Purtherinore, 
there are no variations after eating, e.\crci.so, or bathing, such as cause con- 
fusion at times in leucocyte counts. 

Serial rates are especially important in judging control values in middle- 
aged and elderly patients, in wliom the diagnosis of “normal health’’ is always 
an increasingly difficult matter, and normal standarcLs for sedimentation arc 
harder to define. Approximately an additional 500 tests were studied in these 
older patients. For the present it has been found useful to apply the same 
normals as for the younger patients. 

In the case of the rheumatie patients, the most difficult decisions as to man- 
agement often come in that group with clinically borderline or questionable 
activity of infection. Herein tlic test has had its greatest practical usefulness. 
I have not been led astray^ by using tliis higlier upper normal limit. It has 
served as an aid in deciding that in some eases 99.2° P. was to be regarded as 
the normal mouth temperature; in others that a heart rate of 100 did not de- 
pend on active carditis ; in stiU others that loss of weight and appetite were not 
indications of recurrent rheumatic infection. 

It should he restated that these comments are valid at the time of the test. 
In fact, the finding of a normal rate aids in interpreting the events of tlie past 
week or weeks rather than in foretelling the future. A normal rate may rise to 
35 or more several days after the onset of an acute infection. In my experience 
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an equally rapid faU from high levels has not been encountered; several weeks 
or more are required after the acute episode is elinieallj' over ; indeed, sometimes 
it is several months. 

Conversely, the finding of an abnormally high rate must be taken seriously, 
and an effort should always be made to find the reason for it. Increased sedi- 
mentation is not usuallj’’ the earliest evidence of active rheumatic infection, but 
it may be, especially in the case of recurrences. Other .significant signs or symp- 
toms will appear in a week or two, rarel}' as long as a month. A preceding upper 
respiratory infection may have been responsible for this appai’ent “earliest 
evidence,” but all upper respiratory infections are not followed by rheumatic 
activity; hence the rate may retui’n gradually to noi’inal. However, I’heumatic 
reactivations are by no means all preceded bj' upper respiratory infections, so 
that the clinical reason for the early increase of sedimeirtation (before fever 
or tachycardia appears) ma}' not be readily e.xplaiirable. 


sroniARY 

In a study of nearly 2,100 mierosedimentation tests by Landau’s method 
on 405 patients with cardiac disease, ranging in age from 8 to 23 years, values 
have been derived which are normal for inactive rhermratic infection, and prob- 
ably for the age group as well. The upper limit of normal is 18 mm. in one 
hour, although the mean is 8.5 mm., and 75 per cent of the tests are 10 mm. or 
less. The results fall unthin the limits of a normal skew cuiwe, permitting 
statistical analysis. 

The Landau micromethod is advocated because of its simplicity and the ab- 
sence of need for applying corrections. 

No contradictions have been encountered to the rule that a x’ate of 18 mm. 
or less eliminates active rheumatic infection or carditis at the time of the test, 
with rare and fairly well understood exceptions, the most important of which is 
congestive heart failure following acute carditis. Conversely, a high rate must 
always be taken seriously, even in the absence of other signs or symptoms, and 
an effort must be made to find the reason for the high rate. 

The possible significance of very low rates is discussed. 

Approximately an additional 500 tests were studied in patients without 
rheumatism and in middle and elderly age groups; in the latter the diagnosis 
of “normal health” is always an incrciusingly difficult matter’, and normal 
standards for sedimentation are harder to define. For the present, it is found 
useful to apply the same normals as for the younger patients, with emphasis on 
the establishing of control values by serial testing of each patient. 


.UmENDIX 

Tichiiiiptf for SaUmintrttwn Ti.sf.— Prepare tlie linger as for a blood count; for this 
acetone is preferred. Insert tlie sliort end of tbe pipette into the ruWjer tip of the Lpiratin" 
•syringe. After tl.e patient's linger bas been stuck, draw o per cent sodium citrate solution 
into tlie tube to tbe lower mark ( lC..i min. from the tip), wipe off the e.we.-^s from the out-ide 
and in.-erv tlie tip into the drop of lil.uid on tbe linger. ^Tlie tir.U, .-eeotid or third dron m-iv 
be used, with or w.tbout .MpieeUng: if the eoagulati.m ti.ue bappen.- to be rapi.l. ,!« Lrtii 
drop may eaiise error.) ’ iourin 
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Draw the blood into the !i_vriii;^e by .‘■hmly uiiM'r<‘wiii'^ the [iliin"er ot the syriti"!.': ll.e 
blood niixe.s witli tlie citrate .'i? it is drawn uj». and wlieii the advancintj column ol" liuiil, 
regardless of whether it is blooil, citrate, or blood’citr.'ite mixture, reaches the second ir.aik 
(50 mm. above tla' lirst marh), a(» mori* blood i.s draivti into the tube, li’ioaove the jiijctte 
irom the finder, draw the liuid column u|> several millimeler.s more, and lluui wi]tc off the tip 
ol the pipette. It is easy and desirable to develop the practii-e of holdintf the a.-scmhli-l 
outfit of pipette and syriujic in one hand durin'.j this pha.-e of the procedure, durim; ahirh 
the tube should be held nearly vertieallv. 

Now mi.\ the blood by dratviuo ii into the bulb of the pipette so as to leave alsmt 5 
mm. still in the straight part of the tube, an<l then re expel it. This is continued until the 
blood has been drawn into the bulb and e.xpciled at least ei-tlit tiiues. After the fourth liir.e 
the tube umy be rottited 1 X 0 “ about its !ou<; a.xis for .siibseipieiit mi.xintfs. Durin;f thi.s time 
it is well to hold the tip of the assembled outtit somewhat lower than the .syrin^je while the 
blood is beiiio drawn into the Imlb and re-expellcd. This tends to prevent the formation of 
air bubbles in the Idooil. However, tin- iliiidilv of tlie blood is sometime.s siudi that the 
tul>e must be l;i*pt nearli' verii<*al at all tinw.s; otherwist* the blootl will be liroken up in the 
bulb by air bubbles. 

It is importaut to avoid Iiaudliaj; tlu‘ bulb with the tinkers; to do so wanits the air ia 
the bulb, A\ lieu the tube is finally s,‘t up at room temperature, the eoi>linjf of the hulh n,a) 
draw the blood eolumu partly b.u-k into tlie bulb. If this <K'.uirs, remixin;' is ii.ve.'.-arv. 
Oeca.sionalh' one ean manipulate tlie outfit to e.xpid an air bnldde wiiicli may have formeil 
by ItoldinjX the tip uppermost. If the blood eidiinm is iatael for all but a millimeter or two 
tit one end after linal mixia;;, siuaiiieaul error does not result. Olherwi.'O, or if more than 
one air bubble has appeared, tlie test may be • ‘.salvajted ' ’ by exiiellin;: all the blood into a 
small depression siieli a.s tliat of a Iiau-iii-j-drop •jiass slide, and then drawing it back slowl.v 
so ns to exclude the hubhlc.s. I wi.'li to emplmsi/e that in practii’e tills snlvasinjj maneuver 
is rarely iieccs.sary. 

After tlio.<e mi.xin;^s, wlien tlie blood is in tiie strai"lit part or horo of the tube, put a 
finger of the loft hand tightly over the tip of the pipette, tiiid slowly remove the syringe 
with an even, unscrewing motion. Uemove the left Huger tind pres.s :i smtdl ball of plasticine 
firmly ugain.st the upper end from wliieU the i-yriiige ha,s just been removed. Turn the tube 
upright tjiiickly and place it in tlie wooden block. This maneuver reijuires no more than 
twenty seconds after the mixing is .stopped, and if as miicli as sixty seconds elapses, an error 
may be introduced. Ihe time for setting up a test, from start to tiuish, tiecd not be over 
one and ono-lialf to two minutes. 

When the blood is let into the bore of the tube for the final time, the apparatus i-s 
turned into a vertical position, and tlie blood is slowly expelled from the bulb, so that a 
minimal amount adheres to the walls of Ihe bulb. The bottom of the column should be about 
15 mm. from the tip the exact point i.s immaterial. Aa accurate millimeter rule is used to 
measure the distance of settling. 

One of the outstanding advantages of tlii.s teclmii|ue is that the test can bo set up at 
some later time (up to six hours) and can be readily transported, e.g., from patient ’s home W 
the office. In this event, after mixing and putting on tlie plasticine seal, one may carry tlie 
tube horizontally or nearly so, (A fountain pen liox makes a useful container in the bag.) 
AViien it is subsequently to be set up, the following is the procedure: 

Hold the tube liorizoutally. Remove the plasticine by drawing tlie fingers toward it 
along the outside of the tube from the bulb to the upper end; in this way, it is removed 
witliout squeezing any of the plasticine into the lumen. If the plasticine is unduly soft, tlie 
tube may be plugged in spite of precautions. In such a case, a tine wire may bo inserted 
into the plugged eud and the plasticine broken up sufficiently to permit use of the screw- 
suction syringe. Tliis is an infrequent “complication.” 

When the plasticine is off, hold the tnbe horizontal, put a linger of the left baud 
firmly against the tip of the tube, and hold it there while (ho syringe is put on with an even 
screwing motion. There is now unequal pressure on tiie two ends of the blood column, which 
must be equalized before mixing. AVith the left finger still applied, unscrew tiie plunger of the 
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sj-iinge about tbree-fourtlis turn, and remove the left linger cautiously, as though handling 
a volumetric pipette. If the blood column moves toward the tip, a little further unscrewing 
of the plunger is required, perliap.s another one-quarter turn. If the blood column advances 
into the bulb, the plunger must be .screwed in slightly. A little practice i.s required to do this 
without admLxture of air bubbles or loss of blood, but the knack m quickly acquired. 

Then proceed to mix a.s before, with this very important difference, that more niLving 
is required when the tube has been transported a.s already described. I have determined 
experimentally that 20 mixings in the bulb are not enough, and that 24 are usually sufficient. 
To be sure, then, mix the blood 32 times, eight times in each of the four quadrants of rotation 
about tile long axis of the tube. This may sound like too many times, but it is accomplished 
in one and one-half minutes or less. IVhen thu.s mi.ved, the tube i.s set in the wooden block, 
as pjrotiously described. I wish to stress again that the tube must be strictly vertical, and 
at a room temperature of 60° to S0° F. tA room temperature of 90° F. adds 2 to d mxa. 
to the reading; the error i.« not constant, and depends upon what the original reading 
would have been; temperatures below 00° F. retard the fall by a like amount.) Furthermore, 
if the room temperature changes suddenly, for example, from 75° to 65° F. in a few min- 
utes, the entire blood column will move in the tube. Error is thereby introduced, as settling 
cells tend to become mixed irith the already clear plasma above the line of demarcation. 

ITaferin!.?. — Tubes of the Landau tj-pe and the “Gonico” screa'-suction aspirating 
syringe are obtainable from commercial supply houses.* 

A wooden block, approximately 2i/> inches by 1 by % inch, with holes machine-drilled 
in it so as to have them .strictly vertical, will accommodate the tubes. Eight or tea holes can 
be drilled in such a block by any machine shop or carpenter. 3fost of the holes should be 
drilled with a Xo. 12 standard bit. To take care of chance odd sizes in the external diameter 
of the tubes, two holes can be drilled witii a Xo. 11 bit, and two with a Xo, 13. A thin brass 
plate on the bottom will prevent uneven wear which may tend to throw the holes out of 
vertical alignment. (It has been shown that as little as 2 per cent deviation from the vertical 
will accelerate the settling in the tube, and thereby introduce error.is) A. small pocket-sized 
•spirit level may be used to clieek the levelness of the table or whatever support is used for 
the block. 

A small package of plasticine or modeling clay, and 5 per cent sodium citrate solution, 
complete the outfit. 

The somewhat more elaborate apparatus originally described by Landau was imported, 
and so far as is knoivn is not now obtainable because of war conditions. I have used the 
original outfit, but I find it no more accurate, and indeed, le.'^s convenient. It was, furthermore, 
very expen-sive, wJiich i,s not the ease with the assembled apparatu.s herein described. 

Acknowleiigment i.s made to tlie Sunset Camp for Cardiac Children for studies made there. 
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BisADKOiti* Caxxo.x, axi) I'’i.i/.Am;Tii .Al. BiticiiT, A.B. 

Bo.sto.x, .Mass. 


I N 1933 one oi" ii.s (B. C. ), working in tiiLs Labonitory, tiescriljetl a muthod for 
stimulating autononiie nerves in tiie unanc.sl]ieli/.e(l animal by means of im- 
lilaiitcd electrodes.* Becau.se of their lle.\ibility tiiese electrodes were able to 
withstand the strain of being imbedded in moving ptirts for a considerable period 
of time, and, because soft rubiicr was used throughout, there wtis no injiuy to the 
nerve or adjacent tissue. During the intervening yetirs a bijiolar modification of 
these electrodes has been developed for use in iicute e.xperiments. They can be 
easily and inexpensively made, and are adaptal)le to nerves of various diameters 
and situations. In constructing the electrodes, which are shown diagrammatieally 
in Fig. 1, the following directions should be followed: 

1. Attach eight 10 feet lengtlm of No. 32 enameled copper wire to the cud 
of the shaft of a motor and revolve the shaft imtil the wire is evenly and closely 
tAvisted. The result is a very flexible condiietor. This Avill be called the 
“flexible wire” (F). It .should be cut into lengths of one foot. 

2. Make loops (A) of .soft silver wire (.No. 27), about 2 to 3 mm. in diameter, 
to fit inside a No, 12 French catheter, a size generally useful. Leave about 1 cm. 
of the Avire extending from the loop; to tins extension Avind and solder one end 
of the flexible Avire (F) from Avliich the enamel has been scraped. This soldering 
should be done before the loop is put into the catheter, otherwise the rubber Avill 
be damaged by the heat. 

3. Cut a length of the catheter slightly greater than the desired distance 
betAA-een the electrodes and split it longitudinally. Make Iavo holes (5, F) Avith 
a cutting needle, each one 2 mm. from the end of the tube and 2 mm. from the 
split edge. Carefully insert through the holes the silver loops and tie each of 
them in place Avith lieaA'j' silk {C, C'). Coat each ^Yh^e, near its emergence from 
the catheter, Avith a good quality of rubber cement, and tlien slip over it a 3-iuch 


‘From the Laboratory of Physiologj-. Harvard Medical School, Boston. 
Received for publication, March 31, 1941. 
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piece of fine white stitch tubing {J), bore % 2 > wall inch) pushing it firmly 
against the catheter. In the figure this tubing is not shown covering the nearer 
wire. 

4. After the two emergent wires have been thus prepared and covered with 
the stitch tubing, tie them together in the covered portion. Coat the tubing and 
the outer surface of the split piece of catheter with rubber cement. Beginning 
with the free edge of the piece of catheter, near C'C', wrap over it a strip of 
finest dental rubber dam, and continue the wrapping around the stitch tubing. 
Thus the end connections are insulated and short circuits are rendered impos- 
sible. 



Fig. 1 — Diagram of shielded eleetrode.s. A,. 4, silver wires; B.B, holes in the catheter; 

0, C, silk ties to hold silver wire loops in place ; V. rubber tube covering iunotion of silver wire 
and twisted flexible wire (F) (tube not represented over nearer junction) ; E, rubber tube cover- 
ing junction of solid wire with twisted flexible wire (F). 

5. Slip over each flexible tvire {F) a 1-incli length of very small bore gray 
rubber tubing. To tlie scraped free ends of these wires solder a short piece of 
solid copper uire and then slide the rubber tubing back to cover the junction 
{E). This solid wire will serve as a connection to an induction coil. 

REPEREXCE 

1. Cannon, B.: A Method of Stimulating Autonomic Nerves in the TJnanesthetized Cat, 

With Observations on the Atotor and Sen.sory Effects, Am. J, Phvsiol. 105: 366’ 



TECHNICAL FACTORS INFLUKNCTNC THE WEI/niANN 
SERIAI COACCLATION REACTION** 


Fkita B. SfinvKiNiifiu;, ani) Ia-ovi) Rohkhts Evans, .U.I).+ 

Boston, Mass, 


I N H)o0 Woltniaim de.sfribed a .soruiu eoa^iilation reaction takiii"- place in 
dilute calcium chloride .solution, which he ii.scd as the basis of a non-specific 
laboratory test for the presence of certain "cneral i)atholoj;ie proecsse.s. The 
test has been accejited widely in Europe and to an incrcasiu'r c.\tent in this 
country. There have been numerous reports of its value in following the cour.se 
and thera])y of various diseases, including rheumatic fever. Compari.sons be- 
tween the serum coagulation reaction and the .sedimentation rate as guides to the 
treatment of the rheumatic fever patient have been made, and it was .such a 
problem that tir.st attracted our attention. While j)erforming many Weltmanu 
tests certain technical sources of error were found, and since these have not been 
mentioned previously, we wish to report them, together with mean.s for their 
elimination. 

The method of testing serum coagulal)ifity has been well de.sczlbed by Welt- 
mann’ and Toutl,- and their directions were followed in izerforming azul inter- 
preting the reactioiLs. Accordingly, we made ujz a stock solution of calcium 
chloride anhydrous, reagent IMerck, a form of the salt containing at least 96 per 
cent calcium chloride. This solution was diluted findhei- with distilled water to 
the concentrations necessary for the reaction. We then tested several normal 
sera with these dilutions but found that instead of a normal coagulation band 
(C. B.) of 6 or 6.5, they all gave bands of S and 9, or even 10. All workers agree 
that a coagulation band greater than 6.5 or rarely 7 indicates the presence of a 
proliferative or fibrotie process, while one le.ss than 6 indicates an inflammatory 
or necrotic lesion. Triple distillation of the water failed to correct this, and in 
order to have less ealciinu chloride in our solutions we deviated from the direc- 
tions by using calcium chloride dihydrate, USP XI, which contained 75.49 per 
cent of the anhj'drous salt. Again we found the coagulation band of normal 
persons to be 7 or S, and occasionally 9, In order to have even weaker solutions 
we then eniploj-ed calcium chloride hexahydrate, reagent IMerck, as described in 
a later izaper by AVeltmann and Sieder,** and a recent one by Levinson and Ivlein.^ 
Of this preparation only 50.66 per cent is the pure salt. Even these weaker solu- 
tions produced coagulation bands of 7, S, and 9 when normal sera were used. 
We never secured a normal coagulation band of 6 with any of these calcium 
chloride solutions. 

•From the House of the Good Samaritan. Boston, Mass. 

The expenses of this study liave been defrayed by a grant from tlie Commonwealtli Fund. 
fFellow of tlie Emergency Committee in Aid of Displaced Foreign Medical Scientists. 
^Former House OlBcer, House of Good Samaritan, Boston. 

Received for pubiication, April 1, 1941. 
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Fia. l.-Bchavior of coagulation band.s of .six normal sera at difterc-nt pH values. 

.ueoi-diivdv we studied in more detail the influence of the pH upon the 
ACCOIU solutions became more aeid, tlie 

1" tnd was higher or shifted to the right; and as they became more 
uhlino. it was decvea.sed or shifted to the left. When this phenomena was 
c.xamined more clo.sely, we found all normal sera reacted siniilarb' m the pH 
VUV'C from 7 '2 to 7.S, bv giving a coagulation band ot 6, or rarelj 6.o. In moie 
■leid or more alkaline calcium chloride .solutions normal sera did not always give 
tlie same eoa'uilation band: for example, at pll S.6 normal .sera bad coagulation 
hands fi'om O^to :J. and at pH 5.6 most eoagulation bands ranged from 8 to 10. In 
some .sera, liowever, tlic eoagulation band would first .shift to the right as the test- 
in- .solutions became mure aeid; but when a pll of about .o.S or les.s was reached, 
the eoauulatiuu band beeaim- 0. In the.se ea-ses no ob.servable change took place in 
i-veu a clouding of the fluid. This led us to believe there probably 
le change in the coagulahle jirotein, The.sc effects of the j)H were 
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found rcifardless of the .strength of the calciiiiu eliloride salt, used to proiiare 
our testing solutions. For in.stanee, with the dihydrate of tlie salt, a pll of 
8.4 to 9.0 was neec.s.sary hi'foro normal .serum gave a coagulation band of 6, and in 
less alkaline solutions the band was higher. I'’ig. 1 rceords the coagulation band 
of 6 normal sera tested with calcium chloride .solutions of different acidity and 
alkalinity. Many others tested gave similar results. 

The onl.v references to the hydrogen-ion concentration in connection with 
the Weltmann test, which we could find, were those of Weltmann,* Levinson and 
Klein, ^ and Decs.'* Weltmann' .said that his solutions were alkaline; this may 
have been due to the alkalinity of the water in Vienna, a fact known to one of 
us (F. S.) during previous work. Levin.son and Klein* mentioned the pH of 
their solutions but believed it had no effect on the coagulation band. In the 
same paper they report the intlucnce of the serum pll on the reaction, pointing 
out that a decrease of the pll caused the coagulation band to shift to the right, 
while an increase caused the reverse to take place. This fact became more evident 
when their studies were repeated on the .same patient. Despite this, the}’ believed 
that there was no es.sential relationship between the pH and the coagulation 
band. Since we found the alkalinity of the testing .solution.s influenced the 
coagulation band, we felt that because the serum was diluted fifty times by the.se 
solutions, the pll of the mi.xture would be more nearly that of the larger volume 
of fluid. In other words, the pH of 5 e.c. of these solutions was not changed 
enough by the addition of 0.1 c.e. of .serum to influence the reaction. 


T.mu.k I 



Amount CaCl, 
Solution 
c.o. 

1>JI CaCL 
Solution 

Jmount Serum 

pll Strum 

pU ilixture 

1. 

•2.5 


0.05 

7.0 

Sai ' 

2. 

2.5 

.S.(i 


7.0 

S.4 

3. 

2.5 

S.2 


7.0 

7.9 

4. 

2..5 

7.(i 

0.05 

7.0 

7.0 

0. 

2.5 

0.2 

0.05 

7.0 

o.s 

6. 

2.5 


0.05 

7.0 

0.3 

7. 

2.5 

5.2 

0.05 

7.0 

5.S 


Amount CuCL 
Solution 
c.c. 

pU CaCl. 
Solution 

I/.O 

c.c. 

pi! n.o 

pJI Mixture 

1. 

o 

S.4 


7.0 

S,Vt 

2, 

5 


0.1 

7.0 

7.9 

o 

5 

7.0 

0.1 

7.0 

7.0 

4. 

5 

7.0 


7.0 

7.1 

a. 

0 

0.7 

0.1 

7.0 

O.S 

(5. 

5 

0.1 


7.0 

0.2 

7. 

5 

5.0 

0.1 

7.0 

5.S 


Dees^ found that the pH of tlie calcium chloride solutions was variable and 
ranged between 5.25 and 6.30, but that when the serum was added the pH of 
the mixture became 7.2 to 7.4 in every case. She concluded that this was due 
to the buffering action of the serum, and that, for this reason, the acidity of tiie 
testing solutions was unimportant. In an attempt to repeat this, we adjusted 
the pH of our solutions and tested the influence of the serum on them at the 
various adjusted values, but failed to secure a strong buffering effect. TJiat 
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there is slight buffering action is shown when water of the pH of the serum is 
added to the testing solutions in the same amount as serum, but this is not strong 
enough to bring the mixture to the favorable range if the solutions are vex-y acid 
or alkaline. Many sera were tested in this way, and examples of our findings 
are shoum in tabular form in Tabic I. 

An incidental finding was that if our solutions were exposed to the air for 
any length of time before the test was made they became more acid, and conse- 
quently the bands shifted to the right. This was probably because of absorption 
of carbon dioxide from the atmosphere. Probably for the same reason the 
reagents became more acid daily, and, for this rea.son, the pH was tested and if 
necessary readjusted each time they were used. Because of this change we 
found it advisable to test a serum of known coagulation band when pathologic 
sera were tested, as well as whenever fresh solutions were made. This control 
need not be human serum but may he normal rabbit or sheep serum, which 
usually have a coagulation band of 6, but oecasionalh’^ 5 or 7. In this connec- 
tion it should be mentioned that Heanes and Kemen'^ advise making up fresh 
solutions every time the test is performed. This may have been due to the same 
unfavorable factors that influenced our reactions. 

Txvble II 


iJate rial 

Normal beaten rabbit plasma 
Normal beaten rabbit plasma + oxalate 
Normal human serum 
Normal human serum + o.xalate 



Weltmann,* Teufl,= and Kaiser’ always used fresh serum, and Levinson^ 
said it was best to use fresh serum, but that it might be stored for as long as 
four days in the cold. We found that serum which was kept sterile and re- 
frigerated gave the same coagulation band weekly for four and five weeks’ time. 
Knowledge of this was valuable if for any reason we wanted to retest a serum. 

We found that the reading of the test should be made immediately after 
the tubes were removed from the boiling water bath. If they were allowed to 
stand for any length of time, tubes wliich were densely cloudy without coagula- 
tion when removed from the batli, later showed a precipitate wliielj might have 
been confused with coagulation. Hence tnlxes which should have beiTn called 
negative would then be read falsely as positive, tiie coagulation band would be 
shifted to the right, and be greater than if the tubes were read at once. 


Wcltmann and Medvef-* found that when they tested plasma of blood 
defibrmated by agitation witli glass beads, the coagulation band wa.s the .same 
as that of the -scrum. In our experience plasma of blood treated in tiiis ivay had 
a coagulation baud that was shifted one or two tubes to tlie ri-ht of the .serum 
value. It inu.st be eon.sidered, however, that plasma treated in this wav i.s .sli-ditlv 
hemolytic, even though the agitation with the beads is done a.s careiAJJy and a's 
put y as po.ssiblc._ It is gp orally knoum that hcnio!y.sis increases the coagulation 
band. Plasma oi blood treated with a mixUiro of potassium and ammonium 
o.xalate U-siially had a coagulation hand one or two le.ss than the serum. 
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sionally it was tlio same as the serum, aiul very rarely it was slightly higher. 
TJiat this was not duo to the addition of oxalate (the mixture which lias been 
used contains 3 tini. of annnoniuni oxalate and 2 (tin. of j)otassium o.xalate in 
100 e.c. of distilled water; O.OH e.e. has fjcen useel for 2 e.e. of .serum) could be 
seen when oxalate was added to serum or beaten ])lasma, and the mixture w;i.s 
tested one liour later .sliowiny; no elianue in the coaijulation band (Table II). 

SU.M.MAKV ANT) CONT.'EU.SION.S 

The imj)ortance of usin'r the hexahydrate of calcium chloride for .solutions 
employed in the Weltmann test has been re-emphasi/.ed. 'I’he pH of these solu- 
tions was found to be an importaJil factor in/luenein'r .serum coagulation, and 
the favorable range for this coagulation is between pll 7.2 and 7.S, with an 
optimum value of pH 7.(). .Since the buffering action of the serum u.sed in the 
test is not great enough to secure favorable values, the reagents mu.st be adju-sted 
to the suggested range. 

If such adjustment is made, the pH of the .solutions should be determined 
every time before use. and a control .serum of known value should be tested with 
unknown pathologic ones. 'Flu's may be the serum of a suitable laboratory 
animal. 

Serum tested need not be fresh if it has been kept sterile and refrigerated 
after eolleetion. 

The test .should l)e read immediately after the tul)e.s are removed from the 
boiling water bath to avoid a fal.se positive interi)rctation. 
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AUSCULTATOEY BLOOD PEESSUEB METHODS FOE DOGS“» 


Frederick M. Allen, MD., New York, N. Y. 


T he best blood pressure jnethod accepted todaj- for hypertension experiments 
in dogs seems to be that of subcutaneous arterial puncture,^ which gives 
accurate pressures with little disturbance of tlie animal, and in expert 
hands permits fairly frecpient repetition. PIo\rever, when it is desired to make 
numerous daily estimations continued during man.y days or weeks, some indirect 
method is necessary. Aside from tlie antiquated van Leersum carotid loop, the 
choice is between oscillometiy, palpation, and auscultation. The need for com- 
prehensive serial pre.ssure readings prompted me^ to devise the first auscultatory 
method for dogs as one of the preparatory steps for the contemplated renal- 
vascular research in 1923. The consensus of trials b}' vai’ious woi-kers® has 
credited it with a reasonable degree of accuracy. Assuming, for argument, that 
errors may occur even greater than those x*eported, possibly to the extent of 10 or 
15 mm. deviation from the true intra-arterial pressure, the general conclusion 
remains that direct methods may be used for precise acute experiments or 
for occasional cheeks on the indii-eet readings. For chronic experiments the 
frequently repeated readings by the convenient auscultatory method give a 
better picture of the general condition than a smaller number of technically 
exact determinations, which are subject to the far greater variations in the 
animal from hour to hour or from daj^ to day. The reasons which make ausculta- 
tion the preferred metlmd for man ma^' hold also for the dog. 

Valuable criticisms and suggestions were made by Ferris and H.yne.s' in 
1931, Upon finding an opportunity to resume this work recently, I have at- 
tempted a further improvement, Avhich is illustrated in Pig. 1. The dog with 
very little training learns to lie quietly on his right side, and the pressure is 
taken in the left tliigli. The hair is preferably, but not necessarily, clipped. 
Tlie adapter, molded in hot water from dental gutta percha, is slightly curved 
to fit tlie po.sterior margin of the thigh. This appears to be an advantageous 
innovation as compared Avitii former devices fitted to the external surface, be- 
cause there is .so little variation in the postei-ior margin that the one simple 
adapter will serve for most kinds and sizes of dogs. The adapter is thin above 
and thick below to compensate for the taper of the thigh. The surface is .slightly 
roughened, and there are flanges above and below between which a 4 inch cuff 
can be lield .securely. Instead of a haimexs attachment to the body, a cord pa.s.se.s 
to a weight hanging over tlie edge of the tal)!e, heavy enough to a.s.sure that the 
adapter and eiifi' cannot .slip downward. 


a 


Reading.s on the femoral artery are taken by means of a stethoscope with 
fiat bell .srq)ped slightly under the lower margin of the cuff. There is n 


•Kr.im !!n‘ Uopartnunt of {»hy.-iIoIoK>-. XVw Vork ircClc.-il Cullogo- 
for |.iil)llc.iUoii. .\iiril 3 ii, 1911. 


New York City. 
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possible advantage if (he thick lower edge of the adapter spares tlic stethoscope 
slightly from too tight pressure under the cuff. If the bell piece is inserted too 
high, fictitiously higii readings are obtained, just as when too narrow a cuff is 
used. Some practice is needed for the best wrapping of the cuff and accuracy 
of readings. Fairly large dogs are preferred, but readings have been obtained 
in Scotch and fox terriers. The feasibility of smaller eriuipment for still smaller 
dogs has not been investigated. 

Sounds arc audible in surprisingly small arteries, and I have confirmed 
the observation of Corcoran and Page® that in some large dogs readings are 
possible in the dorsalis pedis with a 2 inch eiifl: above the ankle. But, since at- 
tempts have been made for several generations to find a satisfactory method 
for the cylindrical foreleg of the dog, it was a surprise to leaiai finally that 
brachial artery readings are practically as simple and as distinct as in man. 
As shown in Pig, 2, the animal’s left elbow is held straight by the left hand \vith 
the forefinger keeping a continuous grip above the olecranon. A 2 inch cuff is 
applied around the Inunerus above this forefinger. The cuff' is thus kept high 
enough imtil the stethoscope is applied below (outside) it, at or slightly above 
the elbow joint. The difference from the femoral readings is similar to that 
between the human arm and thigh. Both systolic and diastolic sounds are 
usually so sharp and clear that this method may be favored over the more com- 
plicated femoral method. The systolic fluctuations are not as wide as in the 
femoral. In both, the diastolic may resemble that in man, or there may be 
either low or high readings of which the cause or significance is unimown. The 
method for both limbs, however, is quick and easy, and each can serve as a 
check on the other.® 

Shivering, panting, etc. may interfere seriously. Satisfactory sounds may 
be unobtainable in some states of anesthesia, hcTpotension, or wealeness. The 
method, therefore, is not adapted to all types of experiments. For our hjqjex’- 
tension studies, however, the numerous convenient combinations of systolic and 
diastolic, femoral and brachial readings have appeared more valuable than occa- 
sional mean pressures in a single arteiy. 

SlBIilAKY 

Convenient auscultatory methods are described for estimations of femoral 
and brachial blood pressures in dogs. Some advantages and limitations for 
different tjqxes of experiments are indicated. 
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•The stethoscope and cuffs can be supplied by Becton, Dickinson & Co.. Rutlier/ord V j 



374 


Till-; jocKXA). 01' i.AiioiiA'nijty a.vi> ci . isicm . micdicisi -: 


Biiisotti, A.: <Ju las j^JamluJas .tuiirariTiaJfs Mjbn; la rc’iiulaciwi ilt< la 

prcsion arterial, .Seuiaaa tia'si. I: IKK!, IU‘JT ; al.-o Papel <!f I;t Afnlula Suprarenal 
uii la rep'iilaeiuii do la iire.'-iun artorial, Hot'. Soe, ;ir;;eat. lio Idol. 3: -79, 19'iT; 
aiiridgod Hole do la laediillairo .-iirreiialo dans la rri^iihtthiu do la pre.'.-ion ar- 
teriolle, Compt, rend. Soo. <k*. Mol. 07: aOS, 10'2T. 

Braun -Menondez, 17,: Stasi* veinen.'o dit rein uoriiiat nil enervi' of liyperli-nsion ar- 
terielle. Ibid. 113: Uil, l!l33: al.-ii Te^i."!, ISiiolin.i Aires, ll'.'il. 

•1. I’orris, 11. W., and Hynes, .1. F,: Indirect Blond BrcJssure Iteudines in Boa’s; Bescrip- 
tion of Afotliod and Hoiwrt of KosiiJts, .1. I. All. A (.'l.l.s'. .Mki>. 1C: .71)7, 11)31. 
a. Corcoran, A. C., and Bat;e, I, II.: Oral CnmmaiiicaSion, .Vinerie.'itt I’!iv.-.ioJ«;tical .Society, 
Baltimore, IDAS. 


TIIK (sAC'GIIl.H.V TH.^T l-’OK .SVP{fILl.S» 


An Evabl'atjd.v B.t.sW) o.v L*o.mi'aI{I.so.\' With .3,100 IIi.v'to.v Ti-st.s 
C. TitiAMN Xi;i-so.v, A.3I., li(>.<rc)s, .Ma.s.s. 


I N 1935 Lau"lik>ti* tle.serilmtl a Iloeeulation U’.st I'lji- .syiiliilis whieii employs 3 
special motVilieatiou ui the Kahn antigen. Aiiiono- tlie tidvtintaiie.s elaiincd for 
this test were .siiniilieity of iiorfoniiaiiee, .speed, nccnriiry, atid etiso of reading 
the results. Essentially, the tnitigeii for (lie l^aughleii te.st is prepared from 
tlie Kalin antigen by the tnldition of cholc.sferol. .searlet If dye, titul balsam. The 
dye, Avhieh is in.soJnbJe in wtiter, colors the lipoid ptirlieles of tlie antigen hut 
does not color the liquid in wjiich they are .suspended. Tiiu.s, when iloeeuhition 
occurs after mixing a droj) of antigen with a drop of the serum to lie tested 
on a glass .slide, the eUuuped itart teles heeome visible to the nuked eye and the 
reaction is, theoretically, ea.sy to read. The direct ioii.s for the jiroparation of the 
Laughleu antigen are outlined in the original report. Preparation of the antigen 
i.s somewhat complicated and considerable e.\'[>crienee i,s neee.s.sary to ad,iu.st it to 
the proper sensitivity. Since 1937, liowever, a uniform and stable ‘‘Laiighlen 
reagent,” in its inactive form, has been produced b.v the Ledcrlc Laboz’atories, 
and tlie antigen for the Icst.s reported iiere was obtained from that source. 
Activated antigen for performing the test is prepared from the inactive material 
by the addition of 20 per cent sodium chloride. The exact amount of 10 per 
cent sodium chloride necessary to activate 1 e.c. i.s mai-lced on each lot of antigen. 
Inactive antigen is stable for approximately six weelis, but the activated 
Lauglilen reagent will keep for .seven da.vs only, after which it becomes super- 
sensitive. The antigen must he activated twenty-four hours prior to its use; it 
has been our practice to activate antigen once a iveek in a quantity sufficient to 
last seven day.s so that it is always available for use. Ordinarily, 1 e.c. of antigen 
suffices for about 75 tests. 

In his first communication Laughlen,' reporting on 400 routine blood 
specimens, found that his test shoived 99 per cent agreement with the Kahn test, 
and 98 per cent agreement with the Wassermann test. These findings were 

^rom the Department of Bacteriology. Harvard VniversHy Atedical ami Dental Schools, 

Bostom^c^jv^j for pubUcation. Aloy G, 1941. 
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confirmed in general liy Eobimson and Stroud,- and Price.-’ Tlie former in- 
vestigatons, in 1,000 routine tests on hospital patients, found 97 per cent agree- 
ment with the Kahn test and 93 per cent agreement with the Wassermann test. 
Later, LaugldeiP studied more tlian 5,000 specimens according to his method 
and reported an agreement of 9S per cent with the Wa.ssermann test, and 99.4 
per cent with the Kahn test. 

Originally, Langhlen* stated that liis test could he performed .succe.ssfully on 
spinal fluid as well as on fresh noninactivated blood samples. It is now generally 
agreed, however, that this is not .so, and the pamphlet which accompanies the 
Lederle “Laughlen reagent” at present warms against rising this test on un- 
heated blood samples and spinal fluid. Furthermore, all the above-mentioned 
investigators,^"^ recommended the Laiighlen test for use in the doctor’s office by 
physicians, and even by those who had no special training in serology. These un- 
fortunate statements, however, have been retracted, and in recent months there 
have been no further exaggerated claims for the Laughlen te.st. 


Since 1938 a number of reports on the Laughlen reaction have appeared in 
the literature. Several investigators have found the Laughlen test to be satis- 
factory under laboratory conditions, while other workers have thoroughly con- 
demned the method. Sluether and Greutteiv' after studying 1,000 blood speci- 
mens, concluded that the Laughlen test “is .somewhat less accurate” than the 
Kalin test but “compares fairly well” with the Kline test. Dienst and Sander- 
son® examined the blood sera of 276 known syphilitic patients, who had positive 
clinical manifestations of the disease, and found that the Laughlen test had a 
sensitivity of 96.3 per cent compared to 93.4 per cent for the Kahn test, and 77.8 
per cent for the Kobner-Wassermann test. At the same time these authors tested 
687 presumably negative sera and found only one false positive reaction. 
Breazeale, Greene, and Harding^ pei-formed the Kahn, Eagle, Ide, Kline and 
Laughlen tests on 1,000 sera and showed an agreement between the tests of 
98.4 to 99.5 per cent. Craig and Callaway® examined the unheated sera from 
1,000 patients and found that the Laughlen test agreed with the AVassermann 
test in 91.8 per cent of the cases. With the Kahn test, however, a 99.8 per cent 
agreement was obtained. In 1939 a comprehensive study of the Laughlen test 
was publi.shed by Beck.® She found, in comparing the Laughlen test with 1 000 
Kline tests, 1,100 Kolmer-AVas.sermann tests, and 100 Kahn tests, that the 
Laughlen reaction was just as specific (99.3 per cent) and somewhat more sensi- 
tive (77 per cent) than the other tests. Price’® reported that the Kahn and 
Laughlen tests detect treated syphilitic persons better than the AVassermann test 
He also found that the Laughlen and Kahn tests remain positive lono-er than 
the AA’assermann test in cases of treated syphilis. Recentlj^ another valuable 
survey of the Laughlen test was completed by Lever and Alassie “ They per 
formed Laughlen tests on the sera of more than 2,200 persons and compared their 
findings with the results of the Hinton and AA^a.ssermann tests They found th 
in 442 presumably syphilitic patients the Laughlen test had a sensitivitv of 
75.6 per cent compared with 97.5 per cent for the Hinton test and 49 R r. 
cent for the AVas.sermaini test. In 1,778 nonsyphilitic patients’ these workers 
found only O.i per cent false positive Laughlen reactions. Lever and ^ie 
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also reported that the Lau^lileii test is less sensitive hut more si»eeilie. than tiie 
rapid Hinton test, and less speeitie hut more sensitive than the Kahn test. 
Tiischner'- compared the results of tlie Kline, Kahn, and Laughlen tests on 1,500 
blood samples and found that the speeilieity of the Kahn and Kline tests was 
approximately 99.6 per cent, while that of the Laii"hlen test was 98.6 per cent. 
He, therefore, eoneluded that the Lau"hleii reaction is sumewliat less .si)eeifie 
than the Kahn and Kline tests. 

On the other hand, a number of investigators have been unable to confirm 
the above-mentioned favoralile tindiugs. L'sher’’ reported that the specificity of 
the Laughlen test is considerably le.ss tlian that of tlie Hagle llocculation test. 
Furthermore, L'sher found that \vhen the sensitivity of the Laughlen reagent 
is reduced sufficiently to eliminate false positive reactions, it fails in a significant 
number of instances to detect sera giving a positive reaction with the Eagle test. 
Rein and Ilazay''* found the Laughlen reaction le.ss specific and less sensitive 
than the Kline test. Flood and Hayer'-’ examined 31-1 non.syphilitic blood speci- 
mens and obtained four false positive reactions with the Laughlen test, whereas 
the Kahn, Kline, and Kolmer-Wa.ssermaun tests each gave three false positive 
results. On the basis of this small series. Flood and Hayer came to the statis- 
tically doubtful conclusion that the Laughlen test is lc.ss specific than the other 
three. The.se authors also found that the Laughlen test becomes negative earlier 
than the Kline, Kahn, and Kolmer-W<us.scrmann tests during antisyphilitic treat- 
ment, and that the Laughlen test detects less early syphilis and le.ss untreated 
syphilis than the other three tests. More recently, iMoore''^ compared the 
Laughlen test with the Kolmer-Wa.ssermaun and Kahn tests and found the 
Laughlen reaction to be too erroneous to .iustify recommendation. Churg and 
SobeP' attempted to evaluate the Laughlen test by studying the reaction under 
conditions comparable to those in a physician's office or in a small lahoratorj*. 
These authors compared their results with more than 2,000 routine Wassermann 
tests performed on the same specimens by the Serologic Laboratory of the City of 
New York. They found the Wassermann test to be more sensitive and more 
specific than the Laughlen test. In addition to these divergent results, editorial 
conunents'®’ have appeared which Avaru against the use of the Laughlen reac- 
tion by untrained persons. 

Thus, there seems to be no general agreement in the literature concerning 
the value and effectiveness of the Laughlen test. This is unfortunate, since a 
rapid, accurate, and easily performed test for syphilis would obvious^’’ find many 
uses at the present time. Such a test, if it Avere sufficiently sensitiA'e and specific, 
Avould be A'aluable in emergency transfusions under both Avar-time and peace- 
time conditions, in certain preoperatiA'c situations, and for the legally required 
premarital serologic tests noAv common in many states. In the light of these 
considerations, and because of the conflicting reports in the literature, it Avas 
felt that it might prove useful to re-evaluate the Laughlen test by comparing it 
Avith the Hinton test in a large series of eases. The latter test, as it is performed 
in Hinton’s laboratory, is undoubtedly one of the best flocculation tests for 
syphilis available at the present time.*®’ For the purpose of this study, 3,100 
sera furnished by the Massachusetts State Laboratory AA’ere tested by Laughlen ’s 
method over a period of five months, and the results Avere compared Avith those 
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obtained in tbai laboi'alory by the irinton I'caetion. Of these, 305 specimens 
were from proved syphilitic patients, almost all of whom had undergone various 
amounts and kinds of treatment. A total of 1,094 blood samples Avere fz’om 
persons who had no clinical evidences or history of syphilis, and these are 
designated as “presumably negative.” The remaining 1,701 sera were from 
persons Avhosc medical history is unknown so far as syphilitic infection is con- 
cerned. 

KESUETS 

Of the 3,100 inactivated blood sera tested in this series, the results of the 
Laughlen test agreed with those of the Hinton test in 2,873 instances— an ab- 
solute agreement of 92.8 per cent. Of these, 609 zvere positive agreements, 2,256 
were negative agreements, and 8 gave doubtful readings in both tests. Total 
disagreements numbered 227. These are analyzed in Table I. 


Table I 


227 C-vsEs IN AVmcii THE L-ujohlen and Hinton Tests Disagreed 


Lauglhen 

4- ' 

0 

+ 

1 

0 


Hinton 

0 

-i- 

? 

+ 

? 

0 


fi-i 

70 

21 

13 

22 

37 


Such data are not entirely satisfactory, since the actual sensitivity and 
specificity of the Laughlen test remain undetermined. There were 305 patients 
in this series, however, zvho had clinical manifestations of syphilis and whose 
blood sera showed a positive Hinton test. All but one of these had received 
some form of antisyphilitie treatment at some stage of the disease, and 198, or 
65 per cent, were patients with neurosyphilis. In this group of 305 inactivated 
syphilitic specimens the Laughlen test gave 247 positive, 56 negative, and two 
doubtful readings, or a sensitivity of 81 per cent. This figure approximates 
the results obtained by Beck,® and Lever and Massie,’^ but falls far short of the 
sensitivity quoted by Dienst and Sanderson.® 

To determine the specificity of the Laughlen reagent there rvere available 
1,094 patients who had never had clinical manifestations or history of syphilis, 
and Avhose blood specimens yielded a negative Hinton test. In this series 
of presumably nonsyphilitic inactivated blood samples, the Laughlen test showed 
1,077 negative, 12 positive, and five doubtful reactions, or a specificity of 98.4 
per cent. This specificity is somervhat less than that quoted for the Lau^Men 
test by other investigators,®’ and no obvious explanation for this could 

be found. It should be mentioned, however, that two false positive results Avere 
from patients Avho are noAv knoAvn to have had active tuberculosis at the time the 
specimens Avere obtained. Parran and Emerson®® have reported that false 
doubtful and false positive serologic tests are often encountered in persons Avith 
active tuberculosis. 


Recently, Kirk and Bennett®® described a rapid technique for testin'>’ small 
amouiAts of capillary blood with the Lauglden reagent. This method emnlovs 
noiwuiciivated blood samples, and although it has been generally conceded that 
the Laughlen reaction is thoroughly unreUable Avhen used to test noninaotivifprl 
sera, these authors found that the Laughlen test, performed by their method! 
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yiekl^l ont.n.ly satisnu-tory .ava.lts. In on ..nor. to r..,...at tl.c work oi Kirk 
au< Bemunt. i.iuo.i sa.nplrs w.-ro h-st..,! I,y ( 1,0 r.-a-.-tion, 

both hoated and nnlu.at...! .sora. Tho rosults won- then ..u.nparod with thase oh- 
tamed witli the JImtun test in ih.- .Ma.ssa.-hiis.hts ,Stat.‘ Lal.oratory. In this 
•senes, \vhen inaelivated sera were u.sed. the iamudden test a-reed with the 
Imlon test in o^!), or per eenl. of the eas.-s. OI these, a2 were j.ositive 
aineeinents. 4.0 were ne-a1iv,. a-n-enn-nts. and in one instanee l.oth tests -are 
douht nl results. Tins total ab.solute agreement does not differ si-;nitieantlv 
oin tiiat obtained in tiie entire .series of d.lDf) tests. Th.‘re were 4S di.sa-ree- 
meats. Tliese are set fortli in Table II. 
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unheated blood sera. Jderoiororo it ii-is boon ] . ' I^nUormed with 

of the Laii.rhlen " " “'l>orted''' that it i.s the .sensitivity 

are employ;]. From Table.s^S 

-specificity and the sensitivity of the 1 •iiedil 

when unheated blood sera are used for the tea seriously atreeted 

leadi.... .he Langhlen .-eenlle h ™,,hj , T' ““ 

not with noiiiiiaelivnort 1,1 1 m. * '• '' when the test is carried 

out \vitli noninaetuated Wood. Tins js •sniro’esied bv .Im I’n,,. 7 t r 

doubtful Lauglden readings in Table III. * niereased number ot 

In an aHcmpt to detc-mine efIWt of noninaetivaled bloo.1 aen, 

on the specihcity and sensitivity of the LamWili,,. .1 i oioou sc 

obtained from 31 known svphilit'ie patients 'itul Vn ^ neie 

patients. These sera were^heu LanWilen teied )fr 
by heating at 56° C. for diirty mhmtes. The 

Hhdoir“" PrLmmbyTonsyS’S^lr^^ f 

no clinical evidences of syWiilis and whose inactivated iZd 17m riieiative 
Hmton test. In the small gn^onp of 31 known syphilitic blood sampled the 

Laughlen test, performed on inactivated sera sboworl or „ -i,. ^ ^ ■ 

^aoned 26 positive, five negative. 
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and no doubtful readings, or a sensitivity of 80.7 per cent. AVhen the same 
.syphilitic sera were Lauglilen tested without previous inactivation, however, 
there were 19 positive, one doubtful, and 11 negative results, a sensitivity of 
only 61.2 per cent. In the series of 3:70 presumably nonsyphilitic blood speci- 
mens, the Lauglilen test, after inactivation of the sera, yielded 343 negative, 
four positive, and three doubtful re.sults for a specificity of 98 per cent. AVhen 
the identical blood samples were tested by the Lauglilen reaction, using unheated 
sera, there were 328 negative, nine positive, and thirteen doubtful readings for 
a specificity of 92.7 per cent. 

The foregoing results reaffirm the conclusion that an attempt to develop 
a more rapid Lauglilen technique by using unheated blood sera for testing is 
dangerous. Not only are the sensitivity and .specificity of the test diminished, 
but the reaction is more difficult to read accurately when noninactivated sera 
are used. 

COJI-MENT 

The Lauglilen test, possibly beeau.se of the e.vaggerated claims originally 
made for it, has not attained wide.spread clinical application up to the present 
time. The test is rapid and not particularty difficult to interpret, providing 
the observer has had sufficient experience. The antigen, as it is now supplied, 
is uniformly stable, and the preparation of the active antigen from the inactive 
material Ls relatively simple. Although the antigen mu.st be activated at least 
twenty-four hours before use and although the active antigen is stable for only 
seven days, it is easy to prepare a week’s supply of the reagent at one time. Such 
considerations would seem to make the Lauglilen test particularly valuable for 
emergencias and for use in smaller outljdng or isolated institutions, where it 
may be inconvenient or too expen.sive to perform other recognized tests for 
syphilis. De.spite any claims to the contrary, however, considerable experience 
is necessary to read the Laughlen test accurately. In addition, the Laughlen 
test cannot safely be used to test spinal fluid or noninactivated blood serum. 

From the confusing repoiLs found in the literature, one cannot decide 
whether or not the accuracy of the Laughlen test justifies its acceptance. In 
general, it may be said that mo.st of the evaluations which merely compare the 
percentage agreement of the Laughlen test with other well-known tests for 
syphilis on routine blood samples, are essentially unenlightening. A much more 
significant evaluation of any te.st for syphilis can be obtained by testing a series 
of knovm syphilitic and kno\\m nonsyphilitie blood samples, and expressing the 
results directlj" in tenns of sensitivity and specificity. 

In this study the Laughlen test performed on inactivated blood sera had an 
indicated sensitivity of 81 per cent, and a .specificity of 98.4 per cent. This 
compares with a 77 per cent sensitivity and 99.3 per cent specificity obtained 
by Beck,’* and a 75.6 per cent .sensitivity and 99.3 per cent specificity reported 
by Lever and Ala.ssie." From tliese re.sults it seems that the Laughlen test is 
considerably less sensitive tlian the Kline and Hinton tests and approximatelv 
as sensitive as the Kalm test.=« The specificity reported in this series is definitely 
less than that found by Beck, and Lever and Alassie. Ordinarily an acceptable 
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serologic lest for syphilis must maintain a specificity of at least 09 per cent — a 
figure which the Laughlen test did not attain in our hands. 

its nature the chief attraction of the Laughlen test probably lies in its 
ability to exclude (piieldy the ])ossibiIil\' of syphilis in certain clinical emer- 
gencies and diagnostic dilemmas. But the fact that the laiughlen test has an 
apparent sensitivity of only 75 to SO per cent seriously iletracts from its value 
in .iust those situations in which it should be most useful. <,)n the other hand, 
if the Laughlen antigen is used in a supersensitive state, or if the results of 
the test are read closely enough to detect 95 to 100 jicr cent of syphilitic sera, 
then the specificity of the reaction falls markedly. Ncverthclc.ss, the accuracy 
of the relatively simple Laughlen test is .such that it may find a useful role in 
emergencj' situations, although its value in this rcsi)cct probably docs not ctpial 
that of the rapid Hinton test.” Orcey, Bracken, ami Paul-* have recently indi- 
cated that the Laughlen test is a satisfactory mi'thod for detection of .syjihilis 
in blood donors, provided the serum is inactivated before testing. These authors 
also emphasize that the Laughlen reaction should always be confirmed by methods 
of greater specificity before a final diagnosis of syphilis is made. 

If, as Dienst and Sanderson report,” the Laughlen test is 9t).3 jier cent 
sensitive and 99.9 per cent specific, then it probably is the best test for .syphilis 
now available. No other investigators, however, have obtained results aiiproxi- 
mating these. On the other hand, to condemn tlie siiecifieity of the Laughlen 
test as Flood and jMayer''’ have done on the basis that it showed four false posi- 
tives whereas the Kahn, Kline, and Kolmer tests yielded oidy three false ])ositives 
in 314 case.s, is statistically unrca-sonable. The truth of the situation probably 
lies somewhere between these extreme viewpoints. 


CONCnUSlONS 


The Laughlen test is rapid and, in general, is a])i)roximately as ea.sy to read 
as most acceptable flocculation tests for syplfilis. 

Of a total of 3,100 inactivated blood sera tested in this series, the results 
of the Laughlen reaction agreed with those of the Hinton test in 92.8 per cent 
of the cases. The sensitivity of the Laughlen test in 305 .syi)hilitic patients was 
81 per cent, and its specificity was 98.4 per cent in 1,094 nonsyphilitic persons. 

The Laughlen test is thoroughly unreliable when used to test noninactivated 
blood .sera. Not only is the .sensitivity of tlie test markedly reduced, but its 
specificity is adversely affected, and the results of the test are more difficult to 
read. 
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AUTOillATIC PIPETTE WASHER AND RINSER 


Ethan Allan Brown,® M.R.C.S., London, L.R.C.P., England 
AND Norbert Bexotti,! B.S., M.S., Boston, AIass. 


V^7E HAVE in this laboratory devised a pipette washer. This instrument 
VV almost entirely automatic, requires less than three minutes of attention 
each day. By its use glassware can easily he made chemically clean. The in- 
strument also saves some of the costs of cleaning fluid, water, and breakage 
Since the full advantages of such an instrument may not be fuUy obvious °it 
may be of value to review, if only briefly, both the necessity for clean glassware 
and the methods by which chemical cleanliness may be obtained. 

By definition glass is chemically clean when its surface is so free of ex- 
traneous matter that a film of water distributes itself over the surface of the 
a layer, mouomoleeular in thickness. When a pipette is dirty, drop 
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lets, liowover small, remain attaeiied U\ its surface. A dirty [)ii)ette will, tluac- 
fore, not drain Avitliin its limits of error. In a mierui)ii)ette the error may 
exceed 10 per cent. .Since all cliemi.slry. routine or rcHearcIi, Is ba.sed upon 
quantitative analysis, it is ahsulutciy necessary (liat all i)ii>ettes be ehemieally 
clean. So high a standard of elcanline.ss is not really diflienlt to aehiew. , 
that is needed is a good cleaning fluid and an ellieient rinsing s\ stein. 

Chromic acid is the liest cleaning fluid availalile. It i.s not, however, always 
made hy the pi'oper methods nor is it h:uidled with the jiroper eare. lo niahe 
it cheaply and to handle it so that if imay In* ellieieiit lor a.s long a.s ])oxsil)le, 
the following leehniqne slumld he used : 

Five grams of (eehnieai potassium hiehroiiiate should ho di.ssulved in a 
minimum amount of water. To this eoiu-eiit rated jujiieous solution of j)ota.s,sinm 
bichromate should be added one liter of teehnieal sulfuric aeid. Any amount 
may he made as long as the proportions given ai-i* folloived. Tlie tinal solution i.s 
dark brown, and in it may lie seen the suspended red eliromie anhydride crystals. 
Tile chromic anhydride is the oxidizing agent. When rediieed, it turns to the 
green chromic oxide and is then useless for eleansiiig jnirpixse.s and inust, there- 
fore, he discarded. Tlic oxidizing capacity is di'siroycd hy reducing agents, 
especially organic solvents as alcohol ami acetom.. All ghesswarc should be 
rinsed before being placed in the cliromic acid sohilion. Tlie .sulfuric aeid is 
hygroscopic, and the solution will alxsorh atmosplim-ie water unless the eylindm* . 
in ''which it is contained is closed to the atmosiihere hy a glas.s plate. Heat is 
produced when the acids are mixed. They may be mixed witli .safety if 
eylmder is made of pyrex glass. 

With the usual method of washing pipettes, eacli jiijictte is taken in turn 
from the acid solution. One cud is connected to a suction apparatas, and the 
Ijipette is rinsed in running water. Since water is used for botli tlie suction and 
the cleaning, and since each pipette is handled individnaDy, the process is noisy, 


tedious, and wasteful. Some breakage is inevitable. 

With the instrument described iielow, any number of pipettes can be 
cleaned, and yet no individual pipette is liandlcd from the time it is soiled 
until it is again clean, dr.v, and ready for use. TJjo system can rnu at night 
and in all, requires less than three miimtes of attention for any batch of 
pipettes. No breakage is possible during the cleansing process. 

The complete apparatus consists of two glass cylinders, both made of pyrex 
and both of the same size; and a third smaller glass cylinder which sits upright 
in either of the other two. Since the smaller eylinder (marked B) is the most 
important part of the apparatus, it is dc-scriiied first. 

Durin«’ the working day cylinder B stands or lies on its side on tlie labora- 
tory bench” as the pipettes are .soiled, they are placed in it with their tips uj)- 
ward The base of ej-lindcr B is in the form of a liemispherc so tlmt the mouth- 
piece of each pipette stands at a tangent. The passage of the water or cleansing 
fluid is completely free. 


When it is necessary to clean the pipettes, cylinder B is lowered into 
V der A Cylinder A is so constructed that there is an inlet of small caliber 
'^n^a siphon outlet of large caliber. When tlie water is turned on, it fills both 
^ linders its level rising until the bend of the top of the siphon is reached. 
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Both cylinders tlien empty, since the rate of outflow is faster than the inflow. 
That arm of the siphon which is in-side cylinder A is grooved at its lower end 
so that when tlic water falls to this level, the air breaks the flow through the 
siphon. As soon as this occurs, both cylinders begin to fill again. Each filling 
and emptying recpiires between five and seven minutes so that it is po.ssiblc to 
obtain ten or more washings per hour. 

WTth the inlet of cylinder A attached to tap water, the pipettes are rinsed 
and drained, and the material so removed helps to preserve the cleaning fluid. 



Fie. 1. 


After three or more such flushings (the number is not of importance since 
the process is automatic) cylinder B is lifted free of cylinder A and allowed to 
drain, or else the siphon is permitted to empty both cylinders and the water is 
turned off. Cylinder B is then transferred to the chromic acid bath, cylinder C 
The pipettes are usually permitted to stand in this acid for ten to twelve hours 
or overnight. When it is necessary to remove them, cylinder B is now raised 
by means of a lead handle, and the acid drains back into ej’linder C. Cylinder B 
is now placed in cylinder A, the flow of tap water adjusted and the apparatus 
again peimitted to fill and empty automatically. After the rinsing procedure 



3S4 


THE JOUKNAE OK EAliOUATOllY AND CEINICAE Mi;i>U.TNE 


has continued for a sufiieicnt time, the |iipctte.s may ho rinsed in distilled water by 
changing the connection at the inlet of eylindor A. A double eonneetion, one for 
tap and the other for distilled water, may he used, (.'yliinler H may then he re- 
moved and placed in a drying oven. A glass plate, may he used for covering 
cylinder B, which can then he permitted to renmin on the laboratory bench. The 
pipettes will drain and dry, and, if time is not a factor, no gas oven is neces-sary. 
The hei,ght of the siphon can, of course, be adjusted so that short pipettes may 
be Avashed without the necessity of filling cylinder A to the top, .saving, therefore, 
both tap and distilled water. 

By the procedures outlined a.s u.sed with the aj>paratus de-serihed, pipettes 
can be made chemically clean. The i»roecdure rtvpiircs only a simple tcchuifiiie 
Avhicli aA’oids breakage, saves time, and lowers labor.atory e.xpen.se, since it nscs 
less tap water, distilled water, and cleansing fluid than any of the pre.sent 
methods. The pipettes rendered ehemieally clean by this method make (pianti- 
tative analyses much more accurate. 

75 B.\y State Ro.vd 

Tills uiiiiariitus is AViiiUvliK- tliiomih K. Mui-lili tt .iiid Son. CUi) En.^t Cara Slo'ct, NeW 
York. N. Y. 
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THE RELATIVE STABILITY AND POTENCY OF THROMBOPLASTINS 
FOR PROTHROilBIN TESTS'' 


Hexry G. Poxcher, M.D., Jeaxxette C. Ricewasser, M.S., axd 
Katsuji Kato, il.D., Chicago, III. 


I N OUR preliminary report* we stated that thromboplastin solutions prepared 
from dried rabbit brain are remarkably stable. This finding is contrary to 
Quick’s- statement, for we have observed that saline solutions of dried rabbit 
brain retain their potency for as long as six months. However, the duration 
of the thromboplastic potency of these solutions varies decidedly according to the 
method employed in preparing the original brain powder used in making the 
suspensions. In order to test the relative potencies of thromboplastins, and to 
ascertain the duration of their activities, the dried brain powders were prepared 
according to the two most commonly used procedures, namely : (1) the acetone- 
dehydration method of Quick, and (2) the incubator-desiccation method of 
Magath.^ 

EXPERUreNTAL 

This investigation, conducted over a period of six months following the 
initial preparation of one composite of rabbit brains, consisted of 14 series of 
observations at biweekly intervals (Table I). The potency of each thrombo- 
plastie reagent prepared throughout this study was ascertained by determining 
its prothrombin clotting time with normal human plasma. The technique of 
prothrombin time used in this report is that of Quick’s venous plasma dilution 
method.* Since the technical details are of paramount importance in an investi- 
gation of this nature, each step of the experimental procedures will be described 
somewhat at length. 

Removal of the Brain . — From 8 to 10 c.c. of air were injected into the hearts 
of 18 normal rabbits by ventricular punctures, after which within one minute 
the animals usually died from air embolism. In an attempt to provide as blood- 
less a field as possible in the brain area, the animals were suspended by their 
necks immediately after death for approximately fifteen minutes. The brain was 
then removed from each animal in the following manner : 

A longitudinal scalp incision was made between the occipital and frontal 
regions, so that the scalp could be separated into the lateral flaps. Usin" a 
rongeur, a niche was made in the parietal region of the skull. The brain was 
exposed by carefully chipping away the cranial bone, the movement being in a 
forward and lateral direction until the olfactory lobes were brought into°view 
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and at the same time the meninjii's were also removed. Tlie .same i)roeediire was 
carried out in a backward direction from the jjarietal region to the t'oraiiieii 
magnum, therel)y exposing (he lirain from the olfactory lobc.s to the spimi! coni. 
Care was taken not to disturb the bniin at any time while the rongeur was in the 
cranial cavity. 

A small, Ilexible sjuUnla was inserted !)eIow the olfactory lobes; by pushing 
it baclavard to the cerebellnm the eneei)halon was freed from the base of the 
skull, e.xeept for the attachment at the optic ehiasma. liy moving tiie animal’s 
bead upward and backward tlirongh a l*id° arc. the brain was easily severed 
from the optic cbiasma. The animal's be;id wa.s held in this backward i)osition 
to allow the brain to fall into a iiosition that w»)uld reveal the foramen magnum 
as well as the cranial nerves, lly moving the spatula .still farther back, the 
cranial nerves were cut, followeil by a tran.scction of the spinal eonl .just below 
the foramen. The final step wa.s to cut the meninges at tint tentorium cerebelli 
so that tlie brain could be completely removed from tiu- cranituu by a final up- 
ward movement of the spatula. 


Taiii.k I 
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21.0 

XIV 

1 

0.4 

:!.o 

0.15 
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Preparation of the Brain Powder . — After .strijiping the brains of the re- 
maining fragments of the meninges and the discernible blood vessels, they were 
macerated to a smooth paste in a large mortar. This eom]H)site of fresh rabbit 
brains, weighing altogether 97 Gm., was ccpially divided into two portions. One 
portion was spread m a thin film over a glass iilate, in accordance with the 
technique described by ^Magath,^ and dried at 37.5° C. for sixteen hours. The 
dried brain ^mste was then removed from the glass by scraping it off in fine Hakes 
with a small flexible spatula. The second iiortioii was dehydrated with acetone 
and dried as recommended by Quick.-' 

The Magath and Quick thromboplastins were again divided into two equiva- 
lent portions; one part of each preparation was stored at 5° C. in separate 
tightly stoppered bottles and the other jiart was kept at room temperature in 
well-stoppered containers. Prom this original composite of fresh rabbit brain 
four types of thromboplastic material were thus available for investigation, 
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namely: (1) Quick’s brain powder stored at 0 ° (J.; (2) Quick’s brain powder 
kept at room temperature; (3) Jbmath’s brain i)owder stored at 3'^ 0.; and (4) 
Jlagatli’s Ijrain powder kei)l at I’oom temperature. 

Prcixmition of the fhromhopla.Htic UcikjchIs— At lortnighlly intervals ade- 
quate amounts of the four types of tbromboplastic material for each series (Table 
II) were suspended in 1!) i)arts of fre.shly prci)ared 0.85 j)er cent sodium chloride 
solution, thus making a 1:20 .solution.'’ To insure a uniform preparation of 
all the thromboplastie reagents throughout this investigation, the suspensions of 
dried rabbit brain were always made in 9 by 65 mm. test tubes (Kolmer serum 
tubes). After thorough nuxing, the saline suspensions of thromboplastin were 
warmed for fifteen minutes at 45° C. and then were again thoroughly mixed 
and finally allowed to stand for .sedimentation of the coarse particles. The 
milky supernatant licpiid from each of the four types of brain powder was then 
transferred to stoppered vials. For one-half of the experiments it was necessary 
to use several Kolmer serum tubes in order to make enough of one sample of a 
single thromboplastie reagent for a given .series. After the sedimentation of the 
coarse particles the supernatant liquids from one type of rabbit brain powder 
were pooled together in the same vial. 

Preparation of the Chemical Reagcntn . — The chemical reagents required in 
the perfoi-mance of the prothrombin clotting time determinations in the pi’esent 
investigation were prepared according to the following specifications: 

(1) M/40 calcium chloride .solution: 0.368 Cm. of CaC]„.2H20 (Baker’s 
special grade) dissolved in 100 e.c. of distilled water. 

(2) Physiologic saline: 0.85 6m. of Merck’s reagent NaCl in 100 c.e. of 
distilled water. 

(3) 1.34 per cent sodium o.xalate solution: 1.34 Gm. of Na^C/Oi (Baker’s 
analyzed grade) in 100 c.c. of distilled water. 

Collection of Plasma . — For each series of experiments sufficient blood was 
drawn from patients with hypertension. If great difficulty was encountered 
in introducing the needle into the vein, the sample of blood was rejected. A 
freshly sterilized clean needle and syringe were used for each new venipuncture 
attempted at a different site. The blood was transferred without delay from 
the syringe into a tube containing 1.34 per cent sodium oxalate in such propor- 
tions as to furnish 1 part of anticoagulant to 9 parts of blood. After thorough 
mixing of the contents, the tube was centrifuged for fifteen minutes at 2,000 
r.p.m. for complete separation of the plasma. Except for the 2 e.c. that was to be 
immediately used for the analy.sis, tlie stock supplj'- of plasma was kept at 5° C 
to prevent any po.ssible diminution of its prothrombin activity, as well as any 
possible deterioration of the plasma itself. As more plasma was needed for 
the series of tests, 2 e.c. portions were removed from the stock supply 

Assag of the Thromboplastie Material.— The tests performed to assay the 
thromboplastie solutions thus prepared were carried out at 37 5° C + 1° C 
One-fortieth molar calcium cliloride solution was kept in a constant temperature 
water bath throughout the period of examination. 


•Experience with various dilutions of rabbit brain nowdor witu i 

a proportion of 1:20 (Kelley and Bray=> to give the same prothromhfn^^Sl^^ saline has shown 
1:18 dilution (Quick). proenrombin clotting time as that of 
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4/19 

V 

(F-K) 

IS.o 











7r 

(F-F) 

IS.O 











M5 

(F-Fi 

27.2 











Mr 

(F-F) 

27.7 










5/ 3 

Q5 

(l-l-ll) 

17.9 

Q5 

(M-F) 

18.0 

Qe 


10.9 





Qr 

(14-14) 

17.C. 

Qr 

( 14-F) 

18.4 








M5 

(1-1-14) 

2(3.2 

SIS 

(I4-F) 

27.0 

Sic 


24.7 





Mr 

(1-1-14) 

23.4 'Mr 

(M-F) 

27.1 







5/31 

Q5 

(42-42) 

IS.OjQi* 

(4-2-28) 

19.2 

QS 

(42-F) 

20.0 

Qc 


13.0 


Qr 

(42-42) 

17.4;Qr 

(42-28) 

17.8 

Qr 

(42-F) 

22.5 





M3 

(42-12) 

21.3 

SIS 

042-28) 

27.7 

SIS 

(4’J-F) 

28.9 

SIi: 




Mr 

(42-42) 

24.0 

sir 

P12-28) 

24.4 

sir 

(42-F) 

30.-4 




(3/28 

Q3 

(70-70) 

17,5 

Q5 

(70-50) 

18.3 

QS 

(70-28) 

19.7 

QS 

(70-F) 

19.8 


Qr 

(70-70) 

10.1 

Qr 

(70-5t>) 

17.0 

Qr 

(70-28) 

19.9 

Qr 

(70-t ) 

23.3 


MS 

(70-70) 

22.0 

SI5 

(70-5(3) 

28.1 

SIS 

(70-28) 

23.9 

SIS 

(70-F) 

31.3 


Mr 

(70-70) 

24.8 

Sir 

(70-50) 

23.4 

Sir 

(70-28) 

20.8 

.Mr 

(70-F) 

2i.‘x 

7/20 

Q5 

(98-98) 

20.0 

Q5 

(98-84) 

25.7 

QS 

(98-50) 

20.2 

QS 

(98-28) 

18.0 


Qr 

(98-98) 

20.4 

Qr 

(98-84) 

20.9 

Qr 

(98-50) 

-7.U 

Qr 

(98-28) 

I;..;: 


MS 

(98-98) 

38.0 

SIS 

(98-84) 

40.1 

SIS 

(98-50) 

30.9 

SI5 

(98-28) 

23.S 


Sir 

(98-98) 

31.0 

Sir 

(93-81) 

>10.0 

Sir 

(98-50) 


Sir 

(98-28) 

25.1 

8/23 

Q3 

(120-12(3) 

20.3 

QS 

(1’2(5-112) 

25.8 

Q'> 

(120-84) 

22.8 

Qd 

(120-50) 

18.5 


Qr 

(120-120) 

21.3 

Qr 

(120-112) 

20.1 

Qr 

(120-81) 

>40.0 

Qr 

(120-50) 



SIS 

(120-120) >10.0 

SIS 

(120-112) >10.0 

SIS 

(120-81) 

>40.0 

SIS 

(120-50) 

24.7 


Mr 

(120-120) >-10.0 

.Mr 

(120-112) >40.0 

Sir 

(120-81) 

>40.0 

.Mr 

(120-50) 

2i.5 

9/20 

Q3 

(104-154) 

20.1 

Q3 

(134-140) 

25.8 

Q5 

(15-1-112) 

oo 

Qd 

(15-4-84) 

17.8 


Qr 

(15-1-154) 

20.2 

Qr 

( 154-1-10) 

19.9 

Qr 

(154-112) >40.0 

Qr 

(154-84) 

25.3 


SIS 

(154-154) >10.0 

SIS 

(154-1-10) >40.0 

.MS 

(154-112) >40.0 

SIS 

(15-1-84) 

20.5 


sir 

(151-134) >40.0 

sir 

(15-1-1-10) >10.0 

Sir 

(151-112) >10.0 

Sir 

(154-84) 

29.9 

10/18 

Q5 

(182-182) 

19.C 

QS 

(182-108) 

25.0 

Q.i 

(182-1-10) 

21.0 

Qd 

(182-112 

)17.1 


Qr 

(182-182) 

19.2 

Qr 

(182-108) 

19.5 

Qr 

(182-140) >40.0 

Qr 

(182-112 

) 2G.y 


MS 

(182-182) >40.C 

SIS 

(182-108) >-10.0 

SIS 

(182-140) >-40.0 

SIS 

(182-112 

) 24.0 


Sir 

(182-182) >40.( 

sir 

(182-108) >10.0 

Sir 

(182-140) >40.0 

.Mr 

(182-112 

) 20.3 


abbreviations: Q and II Indicate Quick’s and Slagath’s tliromboplastlns. 5. r, and c. 
immediately following Q and M designate tlie brain powder kept at 5“ C.. at room temperature. 


In a duplicate setup 0.1 e.c. of plasma was introduced into each serum 
tube (9 by 65 mm.) containing 0.1 c.c. of pliysiologic siiline, folloAved bj- 0.1 c.e. 
of the thromboplastin to be tested. 


After permitting the thromboplastin-plasma mi.xture to stand at room tem- 
perature for fifteen minutes, the tubes Avere AS’iirmed in the 37.5° C. Avater bath 
for one minute before the actual test AA'as performed for each tube so prepared. 
The final step AA’as the addition of 0.1 c.c. of calcium chloride solution, and at 
the same instant the stop AA'atch AA’as started. The tube A\’as kept in the bath for 
the first fiA’e seconds® and AA’as then held up against a source of light to insure 
o-ood visibility of its contents. The tube Avas sIoavIj’ inverted (about once in tA\’0 


tests have sliown that Uie prothrombin time values obtained by tliis tecli- 
iriiiTHeal with those obtained by keeping the tube fixed in another large tube con- 
»g"water a and slowly inverted. 
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1G.5 









Me 


24.1 









Qo 

(98-F) 

19.1 

Qc 


18.8 




1 


Qr 

(98-F) 

25.1 









M5 

(98-F) 

2.3.8 

Me 


21.0 






Mr 

(98-F) 

24.3 









Q5 

(126-28) 

19.1 ' 

Q5 

(126-F) 

21.7 

1 Qc 


17.2 



Qr 

(126-28) 

24.9 

Qr 

(126-F) 

20.1 

1 

1 





M3 

(126-28) 

25.0 

M5 

(126-F) 

23.2 

Me 


22.2 



Mr 

(126-28) 

25.0 

Mr 

(126-F) 

23.8 






Q5 

(154-36) 

19.6 

Q5 

(154-28) 

27.2 

Q5 

(154-F) 

20.6 

Qc 

18.2 

Qr 

(154-56) 

26.1 

Qr 

(154-28) 

22.2 

Qr 

(1.54-F) 

33.5 



M5 

(154-56) 

25.2 

M3 

(154-28) 

23.4 

M3 

(154-F) 

28.5 

Me 

25.4 

Mr 

(154-36) 

27.7 

Mr 

(154-28) 

28.5 

Mr 

(154-F) 

26.8 



Q5 

(182-84) 

19.6 

Q5 

(182-56) 

29.4 

Q-5 

(182-28) 

21.0 

Q5 

(1S2-F) 20.8 

Qr 

(182-84) 

26.6 

Qr 

(182-36) 

20.3 

Qr 

(182-28) 

32.0 

Qr 

(1S2-F) 34.8 

AI5 

(182-84) 

22.3 

Mo 

(182-56) 

24.6 

Mo 

(182-28) 

24.0 

M5 

(182-F) 26.0 

Mr 

(182-84) 

24.2 

Mr 

(182-56) 

27.7 

1 Mr 

(182-28) 

27.2 

Mr 

(182-F) 28.7 


Qc 15.2 


and the control. The figures enclosed in the parentheses represent the ages in number of days 
of the brain powders and of saline suspensions, respectively ; F designates a fresh preparation. 
The sign > means greater than. 


seconds) until the final reaction (clot formation) took place, the watch being 
simultaneously stopped. The results presented in Table II are averages of 
duplicate values rvhieli checked nith each otlier within one second. 

Plan of Experiment . — The prothi’ombin times obtained with fresh prepara- 
tions of illagath’s and Quick’s thromboplastins with normal adult human plasma 
were noted first. The brain powders and the saline solutions were then stored 
in stoppered vials. All thromboplastin suspensions and part of each tj-pe of 
brain powder were kept at 5° C., the other part being stored at room tempera- 
ture. 

Two weeks later the activities of the original extracts, as well as those freshly 
prepared from another portion of the original composite of brain powder (bv 
thus time two weeks old), were tested on aliquots of one sample of normal plasma 
Using this same sample of plasma, freshly made thromboplastin suspensions 
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lioiii iie\v and Quick hcain powders were (esled for use as control values. 

This .same jdan of investijraf ion was repeated at forini-rhtly intervals over a 
lieriod of one hundred and ei<;hty-two days (twenty-.si.\ weeks with thirteen hi- 
weekly testini^s). 

I'Oi e.ieh e.Njierinient all the Ihroinhoplastie e.Ktraets on hand from the 
oiii^inal eomposite ol brain jiowder were tested and compared with a new .solu- 
tion of thromboplastin made from freshly jireparetl rahhit brain powder. 


co.\f.ui;N'r 


The experimental plan employed in the in-esent investigation thus permitted 
the comparison of the stability of thromboiilastie susjien.sions of various ages 
(multiples of fourteen days), prepared according to Quick’s and illagatli’s 
techniques, at bi\seekl\ intervals and all from one iirogre.ssively aging source of 
rabbit brain powder. ^ This procedure also enabled us to ascertain the duration 
0 tie activities letained by Quicks and ilagath’s thromboplastin suspensions 
stole at o C., and to estimate the stability of susiiensions freshly made from 
brain powders kept at this low temperature as compared with tli’ose stored at 
room temperature. 

f '“’f. the data presented in Table If. the two types of preparation thus 
tested e.xliibit decided variation in thromboplastic potency. It is apparent that 
the rabbit brain powder as prepared by Quick's technique of acetone dehydration 
IS not only more potent in a fresh state than it is when prepared bv the lllagath 
nicubator-dcsiceation method, but the saline suspensions made from the Quiek 
powder retain their adivity for a much longer period than those made from 

^ decrease in thromboplastic activity 

of Quick s brain powder, as evidenced by the negligible prolongation of the 
prothrombin elotting tune, is of no practical importance. It is, however, also 
evident that Magatli s brain powder retains its thromboplastic potenev in the 
same corresponding degree as Quick’s preparation, since the prothrombin time 
obtained bj a saspension made from aged powder is practically identical with 
that obtomed by a similar solution prepared from fresh powder. In either in- 
stance, in order to safeguard retention of its potency, rabbit brain powder must 
be stored at icebox temperature in a well-stoppered vessel, since at room tempera- 
ture changes detrimental to its activity invariably occur. 


SmiJlARY 

, Experimental data obtained in 14 series of observations made at biweekly 
intervals are presented, showing the relative potency and stability of thrombo- 
plastins made from both fre.sh and aging rabbit brain powders' prepared ac- 
cording to the techniques of Quick and of Magath. 

The results of our experiments demonstrate clearlv the greater thromho- 
plastic activity of rabbit brain powder prepared by the acetone-dehydration 
method of Quick than that of the incubator-dried preparation of ilagath. Pro- 
viding the preparation is stored at 5° C. in a tightly stoppered Lttle, this 
superior potency of Quick’s brain pow'der is retained for a period of at leak six 
montlis. Likewise, if kept at 5° C., the suspension of rabbit brain powder, 
whether freshly made or as old as six months, is still capable of yielding pro- 
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thrombin clotting' times praetieally identical with tlio.se olilained by it in its 
fresh state. The stability of both the dried rabbit brain powder, and its throinbo- 
plastie sn-speiisions, wliicli ha.s been demonstrated in the jiresent .study, should 
dispel any doubt in roi^ard to this particular feature and tlioreby eueoura'^m 
performance of prothrombin tests. 
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A STABILIZING AGENT FOR NESSLERIZED SOLUTIONS^ 


Its Application to the Determination of Urea Nitrogen in Biological Flltds 


James HcGHE.s,t New York, N. Y., and Arraham Saifer,! 
Jam.uca, N. Y. 


I N THE visual comparison of nesslerized solutions, the eye of the observer 
is estimating extinction in a region of the spectrum to which the eye is least 
.sensitive (absorption in the violet). For this reason, various substances such as 
gum arabic and gum ghatti can be added to stabilize the nesslerized solution 
without altering appreciably the precision of the visual compai-Lson. The same 
substances, however, affect the photoelectric transmission value markedlv. This 
is presumably the reason why some investigators in applying photoelectric tech- 
niques to the uesslerization of ammonia formed from blood urea have eliminated 
the gum stabilizing agent, but in doing this they have eliminated an important 
advantage enjoyed in the visual comparison, namely, stability of the transmission 
value of the nesslerized solution. Thus, Hoffman,^ in eliminating gum "hatti 
found it necessary to read his samples two minutes after color development and 
even then could read to only 40 mg. per 100 e.e. (0.016 mg. of urea nitrogen in 
10 ml. of solution) of urea nitrogen in blood presumably because of rapid cloud- 
ing of the sample. In addition, the transmission value of his blank is rather 
large, i.e., about 71 per cent. Nevertheless, the method is one of the most 
recent and successful in applying the photoelectric colorimeter to a direct 
nes.slerization procedure for blood urea. In an effort to get back to the adv 
tag^f the visual comparison of nesslerized solutions and combine them witli” 
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the advaiila.iic.s oT tlic pliotoclccti'ic (•(iluriiiR-(t*f, ivt* liava a nion- uniciiait 

stabilizinii aifKiit, 'I'liis papi-r sct.s i'orfh wlia) wi- bclii-'Yc? to be (Hir .sii(’ci-s.siul 
tuuliii;-!;.-'. 

Al'KAUATfrf AND IfK.ACKNTS 

Pliotochclric Cnlurimt U >•. An iiisli-iiiiu*iit .similar in ilcsij^n to llit* l*.iVt‘lyii 
eolorimeler' was const nu-tiMi willi a .sleeve of varialfle a[terturo to take a .staiiclanl 
(16 by IbO min.) pyre.-i tubi* rather than the !ar; 4 e 2o ml. capacity tube used iiy 
Evelyn. However, any photoeleel rie colorimeter now on the market may he 
used instead of tlie instrument described. 

Colorimeter Tubfx. Tnlie.s are .selei-led from a lar"e bateii of pyre.K (id by 
150 mm.) tubes and have ffradnatioii marks at 5 and JO ml. They are chosen 
so as not to differ in tran.smi.ssion by more limn 0.2 jier cent. 

Filter. The jiroper tilter for the yellow nesslerized .solution was .selected 
from sped rophotomet rie data obtained with a < 'olemau-Bell double inono- 
chromater spectrophotometer, fsin" t’ornin,!' irla.ss iilter.s, it can be coinpo.sed 
liy using 2 mm. of gla.ss No. 5S5 with 3 mm. of gla.ss Xo. 428. This combination 
gives a transmission hand who.se midpoint falls at about 440 m/i. 

Jl’atcr. Triple distilled. aminonia-fn*i‘ water was used for till reagenl.s, 
.standard solutions and dilutions. 

Liquoid ( Sodium polyanethoi.sulfoimte ) . 1 loffmann-lm Roche product, 2 per 
cent solution in water. 

llrcanc.''’ Treat 10 (tin. of jiermutit in a liter Ihi.sk with 100 ml. of 2 per 
eent acetic acid. Hecant off the acid, and wash the reimiining permutit three 
times with distilled water. Add 150 ml. of 0.001 X’ sulfuric acid tind 50 Cim. 
of jack bean meal and shtike for fifteen minutes. Add 200 ml. of glycerol and 
shake in a shaking machine for one and a half hours. Allow mi.xture to settle 
for about one-half hour in the icebo.x. Then remove siiperimtant fluid and 
centrifuge it at 1,500 r.p.m. Transfer the siijiernatant fluid from the centrifuge 
tubes to glass stoppered botttles and place them in the icebo.x. This concentrated 
extract of urease will keep indefinitely. 

Blood Filtrate Iteaejent.^. Tungstic Acid: This is a slightly more concen- 
trated form of the Van Slyke and Hawkins'-’ modification of tlie original EoHn- 
Wu reagents and is made from two .solutions: .Solution A — Dis.solve 111 Gm. 
of sodium tung.state (Na.Ay()^.2HA)) in water and dilute to one liter. Solution 
B— -Add 6 ml. of concentrated reagent grade sulfuric acid to 1,500 ml. of water 
and dilute the two liters. 

For use, mix one volume of solution A with eight volumes of solution B. 
For blood filtrate, mi.x nine volumes of this mixture with one volume of blood. 

Somogyi' reagents for zinc filtrate of blood; Solution A — 10 ])cr cent zinc 
sulfate: 100 Gm. ZnS 04 . 7 H ._.0 dissolved in one liter of solution. Solution B — 
0.5N sodium hydroxide. Ten milliliters of solution A should reejuire between 
10.8 and 11.2 ml. of solution B to jiroduce a permanent phenolphthalein end 
point. To prepare 1:10 blood filtrate, take one volume of blood with seven 
volumes of water. Add one volume of solution A, mix, and then add one volume 
of solution B. Dlix again and filter. 
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Ncsdci-’s Raifjcnt. Sixty-eight, grams of the dry Nessler salt (ol)tained from 
the Teehuieon („'o., New York Uity) is dissolved in one liter oC o per eent sodium 
hydroxide. Allow to stand several days iii a jn-rex llask in a dark elo.set before 
using. U.se the supernatant ihiid witlioiit disturbing the precipitate. 

Since the intensity of color development varies witii alkalinity of reagent, 
an optimum alkali concentration was selected at 5 per cent with tiie lielp of 
the data presented graphically in h'ig. 1. 



Fig. 1. — Alkali concentration of Kessler’s reagent as per cent of sodium hydroxide snlutinn rn r, 
ml. Kessler’s reagent in 10 ml. dilution). uim-iou 


Standards. Into volumetric flasks weigh out 3.821 Clin, and 2.145 Gm re- 
spectively, of ammonium chloride and urea, dissolve in water, and dilute each to 
one liter. These were the stock standard solutions of which 1 ml. was equivalent 
to 1 mg. of nitrogen. (This value for the urea nitrogen stock standard was inde- 
pendently checked by a digestion, distillation, and titration procedure.) Ap- 
propriate quantities of 1 :10 and 1 :100 dilutions of these stock standards were 
pipetted out for the standards used in making the standard curves. The am 
moniiim chloride and urea were recrystallized from reagent grade chemicals and 


Stabilizing Agent. Since in nesslerized solutions clouding appears to lie • 
process of gradual agglutination, the possibility of preventing it by means o' 
blood anticoagulating agents was investigated LionmVI 

P„vc<l bo pYticlavl,- effooth-e I, 7 77'““' 

able 111 pure form, and requires only one drop of a 9 per cent? I f "’ ° 
a 10 ...I, vcl„,„o ,.oooio..i,o<l aolalioa. An idea „t Ibluoid’a abil^ to pvevln 
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eraekiiig of a iieNsifi-ized sani]>I(* can be gainwl from the fact that 0.25 aif,'. of 
ammonia nitroircn ia 10 ml. of mss-slerizcd .solution coiibl Ije .stal)ilizctl foi <i 
maximum of sixty minutes u ith one <lroi> of 2 i)er cent lifiuoid, u'herea.s the .same 
solution without liqiioid ci-acked within thirty minutes. In addition, the trans- 
mission value stabilized witli liquoid falls mueh more .slowly than with the moie 
frequently n.sed stabiliziu,!' agent.s, such a.s gum ghatli, gum araliie, gam 
Senegal,- etc. 

I'HKI'AISATION* 01' .<TA.VI)AaO CCItVHS 


Our particular field of application of ne.ssicrization i.s the direct determiaa- 
tion of urea nitrogen in blootl filtrate. Therefore, in the preparation of the 
standard curves an effort was made to have llie standard solution coniovni to the 
actual condition of a blood filtrate. To this end, the average concentration of the 
tungstic acid remaining in a blood (iltrate was determined'’ and found to ho 
about one-fourth tliat n.sed in the preei()itation of the blood proteins. Ihis 
quantity, therefore, was added to eaeh standard solution. In f:jomo.gyi filtrates 
the eoncentration of the remaining zinc ion is small and can be approximated 
by adding 1 ml. of filtrate obtained from the mixing of the Somogyi reagents 
with distilled water used in place of blood. 

Standard Curves for Zinc Filtrates . — Into tubes graduated at 10 nil., 
quantities of standard urea solution were pipetted so that the nitrogen con- 
centrations (after treatment with urca.se) would be those contained in 0.1 nil. 
samples of blood, ranging from 5 to 70 mg. per 100 e.e. of urea nitrogen. One 
drop of urease e.xtraet was added to caeli tube and after fifteen minutes’ standing 
at room temperature, the tube contents were treated with the Somogyi filtrate 
reagents, mixed, and filtered through Whatman No. 2 (9 cm.) filter paper. 
Oue milliliter of this filtrate was placed in a colorimeter tube and one drop of 
liquoid was added. Five milliliters of water and 0.5 ml. of Nessler’s solution 
were next added, and the tube contents were diluted to 10 ml. and iiii.xed. Kaeh 
standard was run in triplicate and read in the colorimeter at various time in- 
tervals against a distilled water blank. 

To gain an idea of the thoroughness of conversion of the urea to ammonia 
by this technique, quantities of ammonium chloride standards were pipetted 
into a second series of colorimeter tubes so that tlie ammonia nitrogen would be 
that contained in 1 ml. samples of blood filtrate (equivalent to 0.1 ml. blood) 
resulting from bloods I’anging from 5 to 70 mg. per cent in urea nitrogen. One 
milliter of zinc hydroxide filtrate obtained from the mixing of tlie Somogyi 
reagents (water replacing blood) was added to each tube followed by the addi- 
tion of one drop of liquoid solixtion, 5 ml. of water and 0.5 ml. of Ne.ssler’s 
solution. The tube contents were diluted to 10 ml., mixed, and read in the plioto- 
electi’ic colorimeter at various time intervals. Bach standard xvas run in 
triplicate. The transmission values of both these sets of standards fall on the 
same curve. The thirty-minute values are plotted in Pig. 2, wliere the coinci- 
dence of both sets of values is illustrated. 

Another set of values was obtained for the same series of aminonium 
chloride standards used above, with 1 ml. of a 1:4 dilution of tungstic acid 
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filtmto reagent (water reijlaciiif^ tilood) .siib.slil tiled Jot’ llie ziiie hydroxide 
iillrato used. The ■thirly-iuiimle Iransini.ssioii valne.s Tor these are also plotted 
in Fii^. 2, and it Ls seen thiit they I'ttU on ii difterent eiirvc. No urea Jiitrof^eii 
values tire !j;iven on aetutd lun^slie tieid liltrales Iteeausc the products of the 
enzymatic diy;c.stion of ureti with tlic urea.se extract do not give a clear tiltrtito 
in tlie absence of blood or other jn-otein-eontaining material. However, by 
analogy from the eoineidenee of the two standard curves based on standards 
containing zitic Jiydroxide filtrate and good recovery values of urea nitrogen 
using the tungstic acid curve, it is retusonable to a.ssuinc that the curve based 
on ammonium chloride sttmdards tind tung.stic acid will give transmission values 
very clo.se to tiiose that would be obtained from equivalent quantities of urea 
trciited with urease. 



Fig- 2.— Transmission curves for colorimetric urea method for tungstic acid and zinc filtrates. 


PROCEDURE FOR UNKNOWNS AND RECOVERIES 

In the routine estimation of blood urea nitrogen 1 ml. of blood is treated 
in a test tube with 1 drop of urease extract and left to stand at room tempera 
ture for fifteen minutes. Nine milliliters of tungstic acid reagent (if zinc 
filtrate is preferred, zinc filtrate reagents may of course be used) are then added 
and the mi^nre is well shaken. After another five minutes’ standtg fit; 
Uirongh a Whatman No. 2 (9 cm.) filter paper. One milliliter of the filtrl e 
IS placed m a colorimeter tube, followed by 1 drop of liouoid ^ ml r \ 
a..d 0,5 aLZlaL:!' 


TIIK JOl'UNAI. OK i.AK.OltATOItV ANl) Cl.lNU'AL .MKtUClN'i; 


3'Jti 


TAill.K 1 * 

Dl.TKIiJtl.VATIii.V UK I'lA’.A XlTlUlOlAS' iS 15 l<il,u<;ifAr. FU:it>S 


(O.Ol !iiu. urcji nilniucii i> (‘([uhalciit to K* jn'r llH) f.r. iir>-:i iiitr(i;;oii) 


SrEflJtKX 

ruK.A Nirmiurs' i.s 
SAMrt.r. 

f.Mo. rr.ri lufl r.c.l 

I'KKA 

NrnuKJKN* 

AldiKO 
(MO. IT.n 
100 

|| 

li 

i:K(ovr,ur.t) 
(.MO. rri; 

i joo f.c.) 

‘ <'OiV 

j llEi'OVi'.S’.i'.D 

niSTILI.A- 

XKSsixi;' 

IZATION 

.Serum 1 


27.1 

10 

as.o 

10,0 

i 100 




2.5 

51.1 

I -.1.7 

j 95 

Serum 2 

7,1 

7M 

/» 


5 

100 




10 


10 

i 100 




•5 



1 100 

Serum f. 

7.1 

7.S 

5 

12.5 

i (.7 

91 




10 

1 7..5 

9.7 

97 




2.5 

•**» .J 

21.0 

9x1 

Blood 1 


(!,S 

5 

11.7 

s 0 

flS 




10 

17 

10.2 

102 




1 

'»•> C 

.1.1 iO 

27.0 

IDS 

Blood 2 

12..J 

12..) 

10 

1 

21.1 j 

ll.o 

no 



1 


;;s 1 

25.5 

102 





01 ! 

•1S.5 

97 

Bhisma 

5.(! 

O.cJ 

■H 

10 

•1." 

91 





15 

9.7 

97 





::<i.r 

25. 1 

10 1.0 

Cbst 1 


7M 

10 

IS..** 

10.7 

107 




25 

«V‘> /' 

20.2 

lOl.S 

Cbs 2 

32.0 

la.i 

o 

H) 


112 




10 


in..s 

lOS 




25 

•>8.S 

2.5.-1 

101.0 

Cbs 3 

7.2 

8.1 

o 

ia.9 

5.S i 

no 




lit 

18.5 

in.i 

101 




25 

:;:i.2 

2.5.1 

100.1 

I'leurul fluid 

S,7 

S.S 

5 

i;!.o 

•1.8 

IHi 




id 

IS.:: 

9.5 j 

li.") 




25 

::i.7 

2.5.9 ! 

io::.o 

Urino 1 

190.7 

205 

IdO 

aoo 

... 

101 

Urine 2 

2dO..S 

202 

50 


51 i 

IQ2 


•Values given in tins table are the average of three or niore lietenninations. 
■fCeiebrospinal fluid. 


mixed, and read in the eolorimelcr at tJie end of thirty minutes, or at vvliatcver 
time interval the standard curve is made. Other biological thuds are treated 
in the same way. Howevei’, one to ten dilutions are first made on urine siicei- 
mens to bring theii’ urea nitrogen content down somewhere Avitliin the range of 
the ‘standard curve. The diluted sample is then treated exaetl.v as for blood. 
Oeeasionallj’- samples will be obtained rvith urea values so high that it will bo 
desirable to repeat the determination on a smaller sample. If, liowever, a smaller 
sample is not available, an aliquot (a) of the 10 ml. volume in the colorimeter 

tube is taken and placed in another colorimeter tube, and 0.5 (1 - ^ 

Nessier's reagent is added. The tube contents are then diluted to 10 ml., mixed, 
and read in the colorimeter. If the extra Nessler’s reagent is omitted, the trails- 
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mksion value of the tliluled sample will be loo hit;h. By this means the range 
of tlie method can he extended to ten tiines the range of the standard curve, i.e., 
TOO mg. per 100 c.e. 

In Table I arc given the urea nitrogen values obtained from tungstic acid 
filtrates of various kinds of biological fluids and urea nitrogen recoverie.s on these 
same fluids. The base values of the urea nitrogen content of the.se various 
.samples are compared with lliose obtained by distillation and titration of the 
ammonia resulting from the urease treatment of the same filtrates. Values ob- 
tained by both methods are seen to be in good agreement. The recoveries, to- 
gether with these compared values, are good enougii to .justify the use of the 
tungstic aeid-ammonium chloride standard curve. 


mscvasios 


The extra buffer solution tliat is eiistomarily employed in urea determina- 
tions to provide the optimum pH for action of the enzyme, urease, is omitted, 
because with the concentrated stable extract of urease used, it adds nothing to 
the completeness of conversion of the urea present. 

Tungstic acid filtrates instead of zinc filtrate.s are prepared in this labora- 
tory where daily filtrates sometimes number in excess of 100, because they re- 
quire only a single reagent, whereas zinc filtrates require at least two, and Avith 
the original Somogyi technique, three, if the distilled water for the proper 
volume dilution is considered. In using tungstic acid filtrate we did not en- 
counter the high blanks of Avhich Hoffman* complained. 

Since the transmission value of a nesslerized solution falls sloAvly, the 
standard curve should be made for a definite time interval, and the unknowns 
should be read at this interval. 


In the practice of photoelectric colorimetry some writers® criticize the use 
of standard curves because they feel that the conditions under which the curve 
is prepared at one time, and those under which an unknomi is read at another 
are never exactly duplicated, and, therefore, choose to compare their unknoAvn 
with a freshly prepared standard, and to get their result from the familiar in- 


verse proportion based on the Bouger-Lambert-Beer laAv. This is sound practice 
when the laAV holds. In defense of our using a standard curve, we wish to point 
out that in many eases the Bouger-Lambert-Beer law holds only in a limited 
range of lower concentrations and deviates considerably at higher concentrations 
Therefore, calculations based upon it often contain more error than would be 
introduced by use of a standard curve whose duplicability had been checked over 
a long period of time. The standard curves illustrated in this paper have been 
used and cheeked over a period of two years and furnish, we believe an examnle 
of a set of conditions that can be sufficiently duplicated to validate their use 
.Uthough the standard tungstic acid curve presented is especially prepared 
for blood filtrates, and an amount of tungstic acid is placed in the sta^Lds thlt 
approximates that in blood filtrates, the curve is usable for estimating Th. 
in tungstic acid filtrates on biological materials other than blood This is 
ton. thn insult, givnu i„ Tnble I, whW. b,. Jrf 



308 


TIIK .lOrUXAI. OK I.AIiOIt.VrOUV ANI> I’l-INU.'AI, .MKim'JNK 


SUJf-MAliV 

A now U'^cnt. liquoul. is oiToiccI t'oi’ iiesslerizi'd soliitioiis tliat 

gives very low blanks and stable tvansmission vain(“s. The (eelmi<inc is appliwl 
to urea determinations on the tiltrafes ot hiologieal tluids flint have been treated 
with urease. 
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MEDICAL ILLUSTRATION 


FLUOliOtJUAPllY® 


hi.ovi) E, Yakdk.v, A.K.P.S., Binohajitox, N. Y. 


DKKINITIOX 

F LUOROCJIIAPIIY is llic process of recording, by use of an optical system 
and light-sensitive film, the image formed upon a fluorescent screen (1) by 
a differentially absorbed beam of radiant energy, usually roentgen rays; or 
(2) by a stream of directed electrically charged particles. The process, then, 
includes the photographic recording of fluoroscopic images found in medical or 
industrial radiology, the photography of television images, the photography of 
cathode-ray oscillograph patterns, and similar images. Fluorography definitely 
does not encompass all types of photographic recording in which fluorescence 
is utilized. For e.xample, contact radiography in which a light-sensitive film is 
most frequently, but not necessarily, sandwiched between two fluorescent screens 
is not considered to be fluorography; nor are such methods as described by 
Dershem,* wherein a directed beam of fluorescent x-radiation is used to record 
the distribution of certain elements in a thinly sectioned specimen, by selecting 
as the fluorescing substance an element whose characteristic K-radiation cor- 
responds closely to the K absorption limit of the element to be detected; nor, in 
spite of the similarity of name, is the so-called fluoroscopic process,^ invented by 
W. S. Slarx, Jr., in 1938 in any way related to fluorography. This latter process 
is a special procedure for producing so-called “high-light” half-tone screen 
negatives for use in photomechanical reproduction. 

The process now called fluorography is, however, known also as indirect 
radiography, fluoroscopic screen photography, fluorophotography, miniature 
radiography, fluororadiography, microradiography, and roentgen photography 
and at one time was called photofluoroscopy. It is interesting to note that the 
term which has been adopted through usage is the most simple. At a time when 
there was some ciuestion as to the etymologic correctness of the term fluoro«- 
raphy, I approached the heads of the English departments in three leadino- United 
States universities with the question independently, and in each case after learn 
ing the nature of the process and reviewing the names which had at one time or 
another been used to describe it, tlie.se authorities selected fluorography as the 
most logical term to adopt, “ i ‘y as me 

history 

Roentgen discovered x-rays in 1895 Tn rmi ■ 

Revised I„, the 

;!90 
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MacKay® described one method in ^larch, 1S96; Bleyer* constructed his plioto- 
fluoroscope in April, 1896; Battelli and Garbasso® also described u method in 
January of the same year. In 1897 Porcher'' i)ublished an article entitled, 
Photographic de I’imagc jhioroxcopiqac. In 1897 iMcIntyre' pidjli.shed an article 
describing indirect radio"rai)hic motion pictures which he accomplished during 
a series of experiments in 1896 by photographing the shatlow image formed on a 
potassium platino-eyanide fluorescent screen. At this period tliere was a sharp 
turning point with resiicet to the manner of making radiographic records. 
Initially, the photography of the shadow image formed on the fluorescent .screen 
was the preferred method, but Porcher'' and others were of the opinion that the 
results obtained in indirect radiography were unsatisfactory, and hence the 
direct method gained favor. A few years later Kohler"' anticipated the promis- 
ing future of fluorescent image photograi)hy; in 1909 Biesal.ski and Kohler'-* out- 
lined a practical method for conducting the work in which were utilized a cal- 
cium tungstate screen (blue (luorescence) an F/2 lens, and a mirror i)ermitling the 
camera to be placed outside the direct beam of roentgen rays. Tiiis revival of 
the indirect procedure by Kohler gained momentum as time went on, and within 
a few years nearly all the problems involved in the procc.ss had been recognized. 

Caldwell"* in 1911 publisiied an important i)aper on indirect radiographic 
still photography and cinematography in which he .set down practically all the 
essential principles concerning the application of lluorogra])hy. He employed 
a 4 by 5 inch camera and a F/4.5 Cooke lens in conjunction with a “Gehler 
Folie” for still work. The screen that Caldwell used had a short phosphoreseent 
afterglow which, as pointed out by Hirsch," anticipated the most suitable screen 
available today for fluorograpby — the “fluorazure'* screen, more properly 
known as the photo-roentgen screen, which has an afterglow also, but as used 
in practice it does not ijcrsist long enough to interfere witli the clarity of the 
recoi’ded image. 

Loman and Camandon'- were the fii-st to utilize an extremely wide aperture 
lens in fluorography. In 1913 they employed a lens of F/1.55 relative aperture 
for motion pictures of the fluoroscopic image. 

It is doubtful if much of this early photography of the fluoroscopic image 
was successful, especially the motion picture photograi)hy.* The problems in- 
volved were well undei-stood, but the limitations were too severe to permit satis- 
factory results. It was not until lenses of wide aperture were generally avail- 
able, until photographic emulsions were made faster, and until more efficient 
roentgen-ray tubes and fluorescent screens were devised that fluorography pro- 
duced results worthy of evaluation. 


APPLIC.A.TIONS 


Although categorically fluorogi-aphy includes the photograijhing of fluo- 
rescent screen images of any type, the widest field of application is found in 
medical radiolog-j\ Nearly the entire development of the process has been con- 


‘Tills view is based soniewliat upon the private communication from S. L. -Warren, 
Rochester. N, Y. reported m the Science of Radiology, page 204. edited by Otto Glasser (1033), 
in which it is claimed that after five years’ labor it had been found impossible to achieve a 
satisfactprily sharp linage in cmenuorography with the use of lenses of very wide aperture. 

w/n r'e** Publication of I,uboscliez,== who had reported good results 
in 1929 by means of a lens ot F/0.65 relative aperture, ® 
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tributcil bv inciliciil rosciiri'bcr.s uiul roeiilgcii-niy tecliiiiciuiis, thcii icpoits bcinyj 
publisbccl ill medical aiul allied journals. In medical radiolojjy lliei'c arc two 
distinct applications of lluoroi'rapby, single and serial e.xposures. Both applica- 
tions arc important, aiul tbc same tccbnical jiroblcms in attaining suitable re- 
sults arc involved. In serial lluorograpby tlic successive exposures freciucntly 
can be made sufliciently raiiid to permit the taking and subseiiuent iirojeeting 
of roentgen-ray motion pictures.® This branch is called cinetluorography. 

Single exposures of tlie (luore.scent image are made for purposes of record 
or diagnosis, or both. For group studies of large populations, as in thoracic 
surveys, fluorograpby represents a distinct advantage over contact radiography, 
especially from an economy standpoint. This branch is known as collective 
lluorogra])by and the individual records are called fluorogranis. 

In Germany the application of fluorograpby in medical diagnosis is re- 
garded as limited to the determination of lung sliadows, disease centers of 
sizeable area, and tlie frequent detection of active tuberculosis. It is not con- 
sidered suitable for showing satisfactory bone structure, nor early infiltrations 
in pulmonary disease, such as early tubei-eulosis and early silicosis.'^ However, 
Hirseh" in this country, with re.servation similar to tliat of the Germans but 
with a somewhat more optimistic outlook, states that fiuorography is: 1. Ap- 
plicable to the study of the skeleton in delineating yross bone changes and de- 
formities. 2. Useful in gastrointestinal surveys, particularly in the study of 
the colon and in motility tests. 3. Suitable for showing clearly the position and 
shape of the heart and, upon applying proper correction factors, the heart 
shadow diameters can be determined according to the usual method. 4. Valuable 
in the study of the lungs, particularly for tuberculous changes, the records being 
sufficiently clear to permit the differentiation of the normal from the abnormal 
lung. 


ilanoel de Abreu,” who in 1936 inaugurated the first installation of fluoro- 
graphic apparatus for the purpose of carrying out a mass examination in Bio de 
Janeiro, also is of the opinion that fiuorograms yield useful diagnostic evidence. 
His enthusiasm for the process is largely responsible for the installation of 
numerous fluorographic outfits throughout Brazil and other South American 
countries. Abreu’s infl;;ence was not limited to South America, for he ac- 
quainted D. 0. N. Lindberg of Decatur, 111., with the success of his work, and 
Lindberg brought the method to the United States in 1937. 

Cinetluorography has been found by Stewmrt and Ghiselin’^ to be safer and 
more effective than other radiographic procedures in the stud.y of abnormal 
diaphragm and mediastinal movements in the iinderstanding of pulmonary 
disease. In an earlier paper these same -workers’" reported that cinetluorography 
had several advantages over direct fluoroscopic examination in the study of 
many moving organs, such as the heart. They claimed, in addition to other 
factors, that the motion picture was even more defined than was observation 
with the best possible fluoroscopic screen. In a similar vein B6hme’"“ expressed 
the me rits of cinefluorography in studies of the heart. He used the process to 


♦So-called x-ray or roentgen-ray motion pictures are not entirely “real “ *- 

ture record is actually only a repetition of a single cycle which gives th^ 7 ,^ niotiqn pic- 

action. However, single cycles of an organ do not constitute a full stiulv nf tu ^ continuous 
some cycles may be normal whereas others may be pathologic w ^ or me organ, since 
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demonstrate his discovery regardin;^ the important i'unction of tiie aiirieulo- 
ventriciilar diaphragm in tJie propulsion of blood. He wa.s able to make as 
high as 150 exposures per second for short intervals of time, three to four 
seconds. 

Outside the medical fields fluorography has had a scattered but significant 
application. With the coming of an increased use of fluoro-scopic roentgen-ray 
examinations in industry for cpiality control, it is natural to assume that there 
would be a corresponding increase in the number of pliotographic records de- 
sired. iMoreover, the growth in the uses for cathode-i-ay tubes has occasioned 
an increase of interest in retaining rccoi’ds of traces in certain experimental and 
even in routine studies.*' Dudley** has published an article on the photographic 
recording of television images. Undoubtedly interest in tiiis branch of fiuo- 
rography will gain in application as television ))ccomcs more practical. 

There are many optical and photographic problems whieli pertain to lluo- 
rography, and in view of tiie likelihood that the proce.ss will find wider applica- 
tion in medicine, industry, and science, it is deserving of more extensive study. 

FACTORS IX OBTAIXIXG OFTIML’.M KISULTS 

The aim in fluorography is specifically to reproduce as accurately as possible 
the fluorescent screen image witli a maximum of sliarpncss and with adequate 
contrast to permit evaluation of details. In medical applications an additional 
aim, of course, is to replace radioseopic examination by a less dangerous method 
and, in addition, to offer better documentation.*®’-* Whether or not the aims are 
satisfied is determined by the conditions of operation and the acumen Avith which 
the situation as presented by the limitations of equipment is met. First results 
are often disappointing, simply from a lack of appreciation for the problems in- 
volved. The alacrity with which an individual technique is evolved will be 
influenced vastly by the extent of one’s knoivledge of the overall problem. 

There are several factors that govern the (juality of the result.**’ *®' 

1. The efficac}^ of the radiant energy or electron stream to excite fluores- 
cence. In the case of medical radiologj', the energy of the incident 
roentgen-ray beam is limited by the capacity of the tube and by the tolex’- 
ance of the patient’s skin. 

2. The light-producing power of the fluorescent screen, Avhieh varies qualita- 
tively and quantitatively according to : 

(a) The chemical composition of the screen. 

(b) The color energj- distribution of the fluorescent radiation. 

3. Sharpness factors which are dependent upon additional screen cliar- 
acteristics, namely, 

(a) Graininess of screen structure, Avhether coarse or fine. 

(b) Time lag of screen. 

4. Characteristics of the camera lens Avhieh include : 

(a) Light-gathering power; that is, the lens speed. 

(b) Sharpness of the lens at Avide apertures. 

5. Sensitivity of the film to light energy emitted by the screen. 

It is not convenient to discuss these various factors in the order given. Be- 
cause the process of fluorogi-aphy involves the use of an optical system, it is best 
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to oiilliiii! lirsl l!u! wliicli this it, i.s tJio im; oi' ii/i 

optical .system tliat. cliiclly (listiiiH:iii.slie.s liuoi'o;;i’aj)liy from normal i' 0 (!nt^mno- 
H^rapliie, jjroccthires in wliieh tlie reconrui*' tilm iiinl scrinmH arc in acfnal con- 
tact,, However, il i.s tlie mateliiii}' of llie <|iialit.y of llic laree i'o(;;it;ieno'(ratn, 
made in the normal manner, by tlie indirectly made rediieiMl iimiKe that, more or 
Ic.ss cstai)lislie.s the (piality eritei'ion for lluoroi'riipliy. 

Image Lens Screen 



d equalo aperture of leno 
f equals focal distance 
a equals screen-lens distance 


-rrd 


srra^' 

FIK- I. 


or 


B a*- 


In contact radiography'' the entire radiation within an ant,de of 180 de‘,q’ee.s, 
and even more when .stn-eens arc itscd on both .side.s of tlie lilm, is utilized in 
e.xpo.sinf,' the film. With a len.s .sy.stem the amount of radiation received by the 
film i.s limited at llic outset by tiie acceptance anf^le of the objective. This re- 
<iuirc.s, of course, a brighter screen image in liuorography tiian is necessary in 
normal roentgenography, but sinee this in turn demands an inerea.se in the total 
energy output of the roentgen-ray tube, it is desirable to employ tlie fastest pos- 
sible photographic objectives, Len.ses of relative aperture in the range of from 
170.53 to 1,'V0,(125 have been used in cineduorograpliy,^''''^^ but such lenses are 
not readily available nor could they be made of sufficient focal length to cover a 
large field. The Zeiss It-iliotar objective is available with a maximum F value 
of 0.85, 4.5, or 5.5 cm, foeal length, but the overall sharpne,ss cannot be regarded 
as entirely satisfactory. Much more satisfactory results arc obtainable witli the 
Zeiss liiotar P/\A, 7 em. foeal length, or willi the standard Oonlax, Lelea, or 
Hktar l'Vl.5 to F/2.0 objeetives. Furtlienriore, it is jirefcrable to have even 
these objectives surface-treated to mmimize internal light relleellon.s, otherwise 
the resultant lo.ss in image contrast would iiavc to be gained tlirougli an increase 
in the brilliance of the screen image or hy tlic use of a film of exceptionally sleep 
exposu r c-deri si ty grad i cn 1. 

A mathematical approach to tlie determination of the eondilions for op- 
timum results has been made by J3ouwer.s,''' wliieh is an expansion of a former 
work concerning the so-eaiied law of uniformity.''’* 'J’his law is eoiieerncd with 
the factors wiiieli are causes for uiisharpnoss in the normal roentgenogram of 
objects in motion and .sjieei Ileal iy slates that optimum eondition.s are reached 
when the factors are equal; thus, 

Um =■ Ui; => U» (1) 

•11 Hliould )ii! nolcil tlial Icluvlulon nn<l oilier cuUiodc-r/iy ItiSi. lriicliu-n n-,,, i., 
iiKiUiodn hut luHH conveniently lliun hy iiiennH of a caniern. ' *'* i ''t:orili..(i hy 


Contact 
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where Li,u is t!ie iiiisharpiiess resulting rroiii movement, U^. is the geometrieal mi- 
sharpness, and Us the unsharpness eaiisetl by sereen factors. .Mean vaUies of 
Ug and Urn Ri'e assumed si/ice these I'aetoi’s are not constant for tlie whole image. 
The law of uniformity is based upon the fact that tlie i)roduet of U„„ Us, and Ug 
is a mensuiv of the amount of iight reaching the lilm and, for a given value of 
the product, a given image density is achieved. However, the sum of three 
numbers witli constant product is smallest when the numbers are eiiual; there- 
fore, we get equation 1, since the total un.sharpne.s.s is the .sioa of the three un- 
sharpness factors. 

Although the law of uniformity originally apj)lied to normal radiography, 
it is equally applicable to lluorography, i)rovidcd, as in the case of normal 
radiogi-aphy, that a rotating anode tube is u.sed. For example, if we a.ssiime 
that proper radiographic conditions for optimum results are established, we 

can eliminate one contact Ihwvesccnt .screen and photograph the image on the 

remaining screen with a lens and camera. With the fastest j)ractical Icn.scs the 
light per stpiare cenliu\etcr incident upon the film in the camera is only one- 
tenth that per .square centimeter incident upon the film when in contact with 
two fluorescent .screens. Accordingly, if a film of the same sensitivity as the 

normal roentgen-ray film were u.sed, and the energy oul])ut from the tube re- 

mained constant, then an e.xposure increase of twenty times would be rtsiuircd 
for the camera exposure. However, such a vast increase in fi/nc of exposure 
would incrca.se U,,, to an intolerable extent and at the .same time the life of the 
roentgen-i‘ay tube would become endangered, not to mention the danger involved 
by giving the patient such a large roentgen-ray dose. 

Fortunately, the law of uniformity can be apjilied to show what changes arc 
required to establish exposure conditions for optimum results. Since 

r... = U, = l\ 

and since in the case at hand 

U... X IL X U, = 20X 

the new conditions will be best if each unsharjiness factor is multiplied by 

2.7 

in order to increase its j)roduet l)y a factor of twenty. Tjie.sc conditions could 
be met by the use of a tube of Avider focus, by means of a somewhat coarser 
grained screen of greater layer thickness, and by increasing- the time of exposure 
now by only 2.7 times. The unsharpness in the final reduced image is then only 
2.7 times greater than in the direct double screen image. From this it is ap- 
parent that the loss of .sharpness in the small image is determined by the ratio 
of the amount of light per square centimeter in the small image, I', to the 
amount of light, I, that would be available per square centimeter of film surface 
in the direct method. Therefore, if we denote the increase of unsharpne.ss by 
the factor k, its magnitude is determined by 

Iv = (2) 

As previously mentioned, this deduction is based upon equal film sensitivities 
Avhieh at present, at least, can be assumed to be approximately true. There are 
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also a<l(liti()iial factors that arc if'iiorcd, ollierwise the treatment l)ee()me.s luululy 
complicated. For example, no rciiard is <'iven the fact that lluorof^rams are 
projected and aecordinixly can he of a lower density level than normal roent- 
genographs. 

The calculation of the ratio of I' : I can now he considered. In Fig. 1 
the geometrie relation hetween the .screen, camera lens, and reduced image plane 
are .shown. If il is the aperture of the lens, / its focal distance, and «. the screen 
lens distance, then the relation of the light pa.ssing through the lens to the total 
light emitted hy the .screen is 


Trd" 


4 



If the reduction is n times, then the surface area over which the light pass- 
ing through the lens is distrihuted will he — that of the .screen; consequently. 


the hrightness of the reduced image hccomcs 

n=d= 


n-d= 

Sa== 


times that in a film in 


contact with one screen, or -r^r-r, times that in a film hetween two screens. But. 

16a- ’ 



Now, by ecpiation 2 we obtain for the increa.se in un.sharpne.ss the factor. 



It .so happens that it is an advantage to use a higher voltage for fluorog- 
raphy than is favorable for direct roentgenography. By so doing an increase in 
sharpness follows, since the tube output is increased and re.sults in a smaller 
product for Us x Um x Uj; for a given image density. This increase in tube 
voltage also decreases the factor I/I'. Now if in addition to this, the focus 
screen di.stance is reduced, a gain in light intensity can be effected. As a matter 
of fact, the sharpness can be doubled in the .small image by increasing the tube 
voltage by 30 per cent and by reducing the focus-screen relation to one-half. 

A new un.sharpness factor can be established if these compromises are made, 
since ecpiation 4 becomes 

k' = 

when the tube voltage is increased 30 per cent and the focus-screen distance is 
halved. 

f 

The values of , as we have noted, are generally not smaller than about 1 5 

Substituting this in formula 4a, the unsharpne.ss factor becomes 2.08. This 
amount of unsharpness, according to Bomvers, corresponds to the relative sharp- 
ness acquired with rotating and stationary anode tubes. 

Prom these calculations, which comply rather eloselj' with practice it is 
clear that there is room for improvement in the comparative quality of fluoro- 
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grams as made in medical roeutgenogniphy. However, the present results uiulcr 
the best conditions compare favorably with tlie quality of direct roentgenograms 
of an earlier period, and so for many applications can be considered adequate. 

Sharpness Factors Dependent Upon Screen Characteristics . — In the fore- 
going calculations Bouwers-* eliminated the nnsharpness resulting possibly from 
the lens and film by assuming that these would be small in comparison to the 
unsharpness caused by other factors, even under conditions conducive to ideal 
reproduction. (The elimination of the lens as a factor becomes more acute in 
einefluorography, for here the demand for wider aperture and greater sharpness 
are both encountered.) He assumed that miniature camera films of the fine grain 
type would be employed, but actually in modern tluorograiihic practice special 
films are coming to the fore. The films have an c.xcejitionally high sensitivity 
to the iluoreseence emitted b^’ available iihoto-rocntgen screen.s, and in addition 
are of rather steep inherent contrast. However, the grainincss of these films 
compares favorably with the graininc.ss of modern high speed roentgen films. 
Nevertheless, in relation to the unsharpness introduced by the grain structure 
of the screen as well as other factors, the film is well within the permi-ssible 
limits as far as these concern the ability of tlic film to register fine detail, viz., 
resolving power. For example, if we assume the unsliarpne.ss in a normal radio- 
gi'aphic image to be of the order of 1 mm.,® the magnitude of the unsliarpne.ss 
in a 15 diameter reduction would bo about 0.07 mm. The resolving power of 
the film, then, is required to be less than 10 lines per millimeter, which is far 
inferior to present emulsion standards even for coarse grain films. This means 
that the extent factor of unsharpness here rests with the nature of radiograpliie 
imagery and the fluorescent screen. The size of the focal spot and other factors 
determine the sharpness of the image primarily, but tlie coarser the grain of tlie 
screen the less fine detail will be discernible. However, since increased liglit 
emission accompanies an increase in grain size of the screen, there must be an 
optimum condition that can be met. Actually, the emission characteristics of the 
screen should be a maximum for a given amount of excitation, but this should 
not be carried to a point that will give an unsharpness greater than that pres- 
ently accepted in normal radiography. It would be ideal, of course, to have a 
screen of high emissivity and of very fine grain structure. 

The pliosphoreseent lag of the screens used in modern roentgen-ray practice 
is generally nil. And certainly there can be no appreciable lag in the screens 
adapted for eathode-ra}^ tubes in television and in oscillograph manufacture. 
However, as previously pointed out, with the special blue fluorescing Patterson 
photo-roentgen screen there is a persistence of image, but this is of no conse- 
quence in the methods used in still fluorography. If anytliing, the afterglow 
slightly increases the image density without causing deleterious effects. Screens 
that are employed in cinefluorogi'aphj'' can exhibit no persistence of image. 
For this work the Patterson fluoroscopic, type B, screen is excellent. A special 
study of the lag effect has been undertaken by Hirsch.^^’- He found that by 
permitting the canieia shutter to remain open five minutes after the short ex- 


*It should not be interred from tins discussion tliat the screen is the chief cause of un- 
sharpness m the normal radiographic imagre. The screen unsharpness is of the order of 0 15 to 
e.VJ nun., according to measurements made by the Patterson Screen Co These data are cor- 
roborated by measurements published by H. Xlermagen. x-ray technician. September 1939 



VAUDKN' : l-'I.UOKOUKAl’UY 


407 


citation period and by using a special screen with pronounced lag, an ap- 
preciable gain in image density resulted, but only at a sacrifice of overall con- 
trast. 

The Li(jht-Producinij Power of the Fluorescent Screen . — Tlie exact chemical 
composition of commercial lluorescent screens is not available, nor is such in- 
formation of particular value. It is known that certain compounds, when 
properly erystallixcd and dispersed, exhibit fluorescent properties to a greater 
or le.sscr extent, and that the color of the light varies according to the particular 
substance used. Eoentgen-ray intensifying screens arc dependent upon calcium 
tungstate for their lluoreseenee. Today these .screens exhibit no lag, although 
at one time this represented a considerable problem. IMinuto quantities of cer- 
tain metals arc known to eliminate afterglow; for example, as small an amount 
as 10‘“ Gm. of nickel added to a zinc sulfide layer is sufficient. However, regular 
intensifying screens are not used in lluorography. Instead, zinc sulfide fluoro- 
scopic screens of either blue-green or blue fluorescence are i)referred. The color 
energy distribution of the fluore.scence for the various types of screens is given 
in Table I. 


TYl’K 

SPECTIUL E5I1SSION 

lutensifying screens _ _ _ 

(Calcium tungstate) 

_ . 3,800 to 5,200 A. 

(Maximum band at approximately 

.1 onn \ \ 


4,300 A.) 


Fluoroscopic .screens . . _ _ _ 3,900-4,900 A. 

(Patterson plioto-roentgen or 
fluor.azure) 

Fluoroscopic screens _____ 5,200-0,000 A. 

(Typo B) 

(No sharply defined maximum band is ex- 
hibited by either type of fluoroscopic 
screen.) 


Sensitivity of Film to Light Energy Emitted hy Screen . — Either standard 
film products or special films can be used in fluorography. It is preferable to 
use a film of high contrast, and one which is especially sensitive to the radiation 
emitted by the fluorescent screen. A film of this type, developed by Agfa Ansco, 
is known as “Pluorapid.” 

The spectral sensitivity of Pluorapid film is represented in the wedge 
spectrogram. Pig. 2. It is readily apparent that the major part of the sensitivity 
of the film is between 4,000 and 5,700 A. This range is suitable for both the 
photo-roentgen and type B fluorescent screens. 

The total sensitivity of Pluorapid film to the light of the photo-roentgen 
screen is especially high, being equal to, or slightly faster, in the threshold 
region than in the high-speed roentgen-ray film emulsions. In addition to having 
a speed equal to the fastest emulsions available today, it also has a relatively steep 
exposure-density gradient. As shown in Table II, the film can be developed in 
roentgen-ray type developers to gamma values of over 1.8 whieh, in comparison 
to a regular miniature camera type film of similar speed, is exceptionally good 

Other types of films can be used in place of Pluorapid film when the Pat- 
terson type B fluoroscopic screen is used. Since the spectral emission of this 
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screen falls between 5,200 and 6,000 A., liigb speed paneliroinatie emulsions, 
such as Agfa Ultra-speed, are satisfactory, as well as Fluorapid. For eine- 
tluorography, a reversible type film, such as Agfa Triple S Pan reversible, is 
suitable. Films of the Fluorapid type arc, however, generally better than other 
films for both the photo-roentgen and the Patterson H screen and, in addition, 
have been found excellent for the photography of television images and eathode- 
tube tracings.* 

Tabi,e II 


TIME OV DEVELOPMENT 
DEVELOPEK, 

IN .tGKA NO. m) 

(53 p SOll.tt, 

FOi: TIME-SCALE EXTOSCUES, 5/100 
TANK DEVELOPMENT, AOITATION 5 
PKK MIN'L’TE 

K. LIGHT 

SECONDS 

Mi nil ten 

I'luorajHil 

Vltra-SjKcd Pan 


O 

0.05 

0.G5 


4 

1.3 

0.S5 


G 

l.SS 

0.05 


S 


1.0 




FILMS TANK oevFLOPED IN A-30 AT 68*F 


JIETHODS, AUPAUATUS, AND ilATEKI.SES 


The actual making of a tluorogram eonsists simply of photographing the 
image of the fluorescent screen with a Leica, Contax, or other similar camera, 
equipped with an P/1.5 or F/2 lens, and loaded with a suitable film. In radio- 
graphic practice the roentgen-ray tube, the patient, the fluorescent screen, and 
the camera are placed in direct line with each other and properly spaced. The 
most simple arrangement, of course, is to place the camera on a firm support and 
direct it toward the screen. It is advisable, if not absolutely necessary, to place 
a thick piece of lead glass in front of the camera lens to absorb any of the direct 
roentgen rays that might fog the film. As previously mentioned, to avoid the 
effect of the direct roentgen rays Biesalski and Kohler'-’ photographed a mirror 


‘By using a Contax camera F/l.o lens and Agfa Fluorapid mm, cathode-ray oscillograph 
signals as short as 0.0003 second -vvere recorded with good density. The size of the screen 
image on the film was about inch. Previous to the actual exposure for recording the signal, 
an image of the dimly illuminated screen was produced on the aim with a one second exposure. 


A 
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imiige of tlui scroeii which i)cnniUe(l Iho placement of the eaincra outside tlio 
beam of direct radiation. However, tliis i)raetiee has not been followed by 
modern workers, such as de Ahreu'^ and I firseli, who utilize a straiylit 
line system of almost identical .si)eci(iealions. The apparatus of de Abreu is 
mounted .somewhat more elal)orateiy than tliat of Ilii-.seh, i)Ut the method of 
IIir.seh is far more readily .set up by the averaf'c clinical photograi)her. An 
illustration of his api)aratus is .shown in Fi}?, 3, A and li. 


PHOrO - ROeNTGEN TYPE B FLUOROSCOPIC 



4000 4400 AQOO B 2.00 ;'boo 6ooo 


WEDGE SPECTROGRAM (SOLID) 
OF FLUORAPID FILM 


(iunosien) 

Fife'. 2. 


A 35 mm. type camera* is preferable for lluorography in medical roent- 
genography for the following reasons: 1. The new type films, such as Agfa 
Fluorapid, are available only in this size. 2. Lenses of F/1.5 or F/2 relative 
aperture are standard eciuipment witli .several 35 mm. cameras. 3. The fluoro- 
grams in survey studies are made in great numbers and rapidly. This means 
that a camera which can make .sequence exposures easily and rapidly is required, 
as well as a conveniently developed film. 4. The fluorograms are viewed by pro- 
.jeetion and projectors readily available and convenient to use. 5. The small film 
sizes are economical. 


The lens of the camera should bo of the highest quality in order to give an 
acceptably sharp image over the entire 24 by 36 mm. film area at wide open 
apertures. Hirseh lists the available len.se.s of P/1.5 relative aperture, or slightly 
fa.ster, that can be considered. It would seem advisable to test any lens under 
consideration by a procedure such as that outlined by Gardner'** in the Bureau 
of Standards Research Paper No, C 428. This publication not only provides a 
simple and accurate lens testing procedure, but also includes a carefully pre- 
pared lens test target. 

It is not the purpose of the pre.sent disemssion to delve into the qualities of 
various roentgen-ray equipment for fluorographic work. The general assump- 


•Rather recently special 4 by 5 inch fluorographic equipment has been lntro(liip„,i 
Which ordinary high-speed roentgen-ray fllm has been found quite adequate. Such eamirou ^2^ 
now employed by the army for group radiographic oxamination.s, but as yet the 4 n 
size has not won favor over the 35 mm, record for obvious reasons. Nevertheless wW 
high speed capable of covering a 4 by 5 inch fleld are generally available this\iy<i la m 
m surpass the 35 mm. method in popularity. For example, from a comparative Htuhv 
Plunkett, Weber, and It was concluded that 4 by 5 inch Images were more 

cause of greater accuracy in reading; slightly better economy, resulting from fewer 
tlons; fewer 14 by 17 Inch examinations to effect correct diagnosis ; and less strain 
examining 4 by 5 inch negatives than in the case of 24 by 36 mm. image.s. visually in 
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adaptable to the process i’ ■ operating at 100 kv. loads, is 

giving the data reeonnnended brvlrious^ce'^: 


PROJ ECTOR 
FOR VIEWING 

FLUOROGRAMS 



For the processing of the film 

solutions are satisfactory. The film c-in L ) ^ ‘ developing and fixing 

lengths are employed, or small 35 mm suitable racks if long 

standard fii/o feet, 35 exposure lengths. «' sloping tanks can be used for 

ber of adequate 2 bv 2^nc?Skle m-oTi-r"^'- I’*“’Pose any num- 
projection arronsemcnt need by Hirsch is shoZin Fit’Z ““ 

large as the screen image but if a 6 s f -Vield an image as 

15 per cent smaller thai; half .L "-i” 

undersize just corrects for the distortio/, n vent 

target-screen di.stanee and accordingly -ives V tine f if 

o j a‘vcs a Clue nalt-size view. 

CONCLUSIOXg 

The advantages of fluoroffranliv Ir, rvs„ -i- i 

simplicity and economy in conductin'^ mass eff .^’^''^Senography arc, chiefly, 

uncun^ mass examinations. The economy comes 
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from till* lowei' nl’ small-.sixi'd liliii aiul .sul)se(iUL‘iil (‘conoinit'S in devclopiiij^ 
and rdin;^. Tin* east of tlie film is ap|>roxiiiialely 2 j)er ccid of tlial of 14 by 17 
inch roont^cn-ray fdm. IVrliaps tlie best, discussion on tlie economy and also on 
tile advantajics of Ihiorograpliy that lias been presented is contained in tlie article 
by Ilirsch,*^ to which reference can be made. A vital comparison between 
lluoroscopie examination and the lluoro-'rapliie method made by Jlirsch is that 
'dilO iluoro^rams can be reatl an hour while only 250 lluoroseoiiic examinations 
can he made a day by one person. Not only is the process more rajiid than 
direct examination, but it is more dependable, and in addition furni.shes a perma- 
nent record. Of course, lluoroi'rams cannot comjicte with larf'c-sized radio- 
graphs with respect to inia.um detail and "cneral applicability. However, 
tluoroi'raphy certainly has its place in iireventive medicine. It is a proce.ss with 
which every clinical photo<jrapher should become aecpiainted. 
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the Pattorsou Plioto-roeiitgcn or Fliiorazuri.* lliioro;‘i;oi)ic .‘•crt'eii lia.s a ili'liiiilc aftiT- 
glow. These sereena as used in Ihiorograpliy do not have a .siillieiently per.-isteiil 
afterglow to iiilluenee the reaiilt.a. The per.siateiice of the afterglow i.s in relation 
to tlie excitation energj- received by the screen. A heavy do.iago of roentgen ray-i 
or daylight would cause an afterglow a.s long a.a a half hour. Thi.a aftergloiv can 
bo quenched by e-xposing the screen to dee|» red or infrared radiation. (See nl.-.o 
Fluoresceiico and Phospiiurescence, F. IlirschlatT, New York, llbiy, Chemical I'uh- 
lishing Co.) 

23. Luboschez, B. E.; Uno luethodu pratupie de cincradiograpbie, Paris ined. 71; IIT, 1020. 
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1030. 

29. Hirsoh, I. Seth: The Utility of Fltiorograpliy, Hadiology 36: 1, B>1I. 

.'10. llirsch, I. Seth: A Now Type of Fluorescent Screen, Ibid. 7: 122, 1020. 

31. G:irdner, I. C. : A Test of Lons Be.soliition for tlie Photograplier, A-ational Bureau of 

Standards Circular C Ig.S, December, 1910. (This publication cost.s 10 cent.-, which 
covers the price of the bulletin and two len.s lest chart.s jirepared by a .special print- 
ing process.) 
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DEPARTMENT OF ABSTRACTS AND REVIEWS 


EoBEar A. Kibdufee, Xt.D., Absti’.act Euitoii 


STEENAI. IHAEKOW. Changes During the Tirst Week of Life, Correlation With Periph- 
eral Blood Pindings, Shapiro, L. M., and Bassen, T. A. Atn. J. -Med. Se. 202: 311, 

19-11. 

Peri])Iieral blood studies and sternal imiieture e-'saininntion.s wore made on 33 nonaal 
full-term infants in liic first tivi-nty-iour Iiour.s of life and again one week later. 

The periplieral blood iindings agreed with those of many other inve-stigators. The 
author.s noted initial high levels of red blood eells, hemoglobin, white blood cells, and reticu- 
locytes. There wa.s a moderate deerease in red blood cell.s and hemoglobin, a sharp fall in 
white blood cells and retiouloeytes, and a change in the tlinTerential from myeloid to 
lymphocytic predominance at the end of the week. 

The most striking linding" in the bone marrow was a markeel drop in the erythroid 
elements at the end of the (irst week of life. This timiing, relleeted in the peripheral blood 
by the decreasing reticulocytes, is evidence of curtailed iirodnctioa of new re<l blood eells. 
Consequently, the authors offer the idea that the fail in red blood cells nud hemoglobin, 
which takes place after birth, i.s primarily the re-sult of physiologic disintegration of the 
superabundant red blood cells ciirried over from fetal life in the presence of diminished cryth- 
ropoiesis. 

CBBBBBOSPIKAD PLUID, Protein Values Detennincd by Tyrosine Equivalent ilethod, 

Matron, T, U. A 211 . J. Med. Se. 202: 330, ID-II. 

Total proteins have been determined by the tyrosine equivalent method on ooO cerebro- 
spinal fluids taken from persons in heallli and disease. 

The upper limit of normal values has been found to be -10.0 mg. per 100 c.e. The 
ranges for pathologic values agree well with generally accepted ligures in the literature. 

The average protein values for fcmalc.s is le.-is than that for males. 

Dehydration does not appreciably affect the protein concentration. 

TUBBBCLE BAClCtiLI, Demonstration of, by Eluorescence Microscopy, Eichards, O. W.. 

Saine, E, P., and Leach, E. E. Am. Eev. 'Tubore. M: 2ur>, I'.Ul. 

Procedure : 

1. Make direct smears of sputum, or of sputum concentrated on glass slides, and fi-v 
by heat in the usual manner. 

2. Stain for two or three minutes with a solution of 0.3 per cent auramine in 3 per 
cent carbolic acid solution at room temperature. 

3. Wash with water. 

4. Decolorize with a solution of 0.5 per cent concentrated hydrochloric acid and 0.5 
per cent sodium chloride in 70 per cent alcohol for one minute, pour off, and add fresh 
decolorizer for two additional minutes. 

5. Rinse, dry, and examine. 

Smears should be made preferably witli fresh sputum. If a preservative is desirable, 
phenol will be more satisfactory than cresol, which reduces the number of orgauisnis and 
causes an interfering fluorescence. Autoclaving will greatly reduce the number of organisms 
seen. 

This staining technique is neither a painstaking nor a critical one. Almost any con- 
centration of auramine will give the desired result; as little as 0.03 per cent of dye may 
be used. The concentration of phenol may be reduced. Satisfactory results have been 
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o1)t!iinoil whl» ".5 jvv'v vout imruiuiiio in - jh'v vi>nt Mtniii orij^iiially recoin- 

mouiieti was ('.I [h'i' I'oiit iiurumina in n jior coiit jihonol. uuriimiiu' is (iissolvisi ss'itli 

f'oiilk’ lii'iit, Imt till' stain iiosoau's I'inuily on coolintj. I'louily solutions iiro just as sntis- 
fuotory as clour oiu-s, lint slumW lio sluikou jvist lioforti nso. Tlio stain, tiftor a mimbor o£ 
weeks, {jradually loses some of its tlnnreseeul jiroperties. Smears of known positive sputa 
slioulil be staiiioil ami examined oeeasionally as n etieek on the Ueupini; (pnilities of the dye. 

Almost any of the .'•tamlard deeolori/.inn a‘,;ent.s montionoil for deeolori/.in}' tubercle 
bacilli, ■•'iieli us .'! per cent liydroclilorie avid, 5 per cent nitric acid, or even tia per cent 
sulfuric, acid, may be used. These stronjier reusenis reijnire more careful timing; most of 
them decolorize in from twenty to thirty second.s. The slower, three-minute period de- 
colorizer is rccoimiieiuled. 

The newly designed erpiipmeul for lluorescence denionstrntion of aeid-fast organisms 
lias the following advantages over older mcthoils for examining smears of sputum ami other 
materia! for the presenee of tiiberele baeilli: 

(a) The method stains more acid-fast bacteria than does tlic /{iehl-Neelsen technique. 

(h) Examinations can be made with high dry objeetives that cover lields which are 
hirgur tiian tiiose covered by oil-inimersiou lens as well as being simple and more con- 
venient for use. 

(c) A greater contrast is obtained between the stained organism and otlier material 
pre.seiit on the .slide. 


MONONtrciiEOSIS, Infectious, Observations on, Warren, E. W. Am. ,T. liled. Sc. 201; 
d.S.I, 19-11. 

The siuthors jiresent evidence of the following phenomena to be found in infectious 
niononucleosis ; Eorssmun iioterophile antibodies are probably increased prior to the, develop- 
ment of the hetcrophile antibodies of this disease and possibly are essential for their ap- 
pearance. The typical lymphocytes of infectious mononucleosis are frequently found in 
di.sease entities in whieli a positive Eaul-Bunnell has not been obtained. Only when the 
proportion of these abnormal cells is considerable does one find an elevated heterophile titer. 


CL. WELCHU, Rapid Identiflcation. of, by the Nagler Reaction, Hayward N J Brit 

M. J., ilay 31, p. 811, 1941. ' - ■ 

The production of a turbidity in human serum by the to.xin.s of growing Cl. welcUi 
(Nagler reaction) is a valuable aid to the rapid identification of the bacillus for diagnostic 
purposes. Excellent results are obtained with a mixture of equal parts of human serum 
and Eildes broth incubated anaerobically. The seeding of a single Cl. xoelcUl colony into 
such a mixture produced a strong reaction in 80 per cent of the tests after one to two davs’ 
incubation The reaction is specifically inhibited by antitoxin. Eeeble reactions are lot 
unequrvocally rndmatrve of «. mefcAu smee they are given by certain other species of 
anaerobic spore-bearer. Human serum-Pddes agar provides a ..e i i 

on plates within twenty-four hours of taking a swL 


rtfSOSPIBQCHETOSIS, Recovery of the Causative Organism Erom w 

R. H. Arch. Int. Jled. 68: 80, I 94 t. ^ the Blood, Williams, 

The recovery of fusiform bacilli and spirochetes of t)>o c . 

in cultures of the blood of 2 patients is recorded. ' Pusosnirocheteri Vincent’s angina, 
times from one patient and once from the other i i ^ recovered eleven 

were made repeatedly. The organisms were slightly patl.ogenic"for!lr" 

In the 2 patients fusospirochetemia was associated with an ill. , 
sudden development of fever, prostration, headache rov-i),.-. i d'aracterized by the 
one patient splenomegaly developed, with janndiee '« i f , ■ ^nigratory arthritis. In 

of -.1 rat m the other. tonsils in one instance and the bite 
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EOSINOPHILIA, Extreme, ami Leukocytosis, Bass, M. H. Am. ills. (.’hild. 02: OS, 1011. 

Three eases in wliieh the ili.~ea>e was charaeterize/l liy ecneial adiaiojialliy, leiieoeytoni.-f, 
and e.\troine eosinopliilia that oeeiirred in L-hihIhund are re|ioited. 

In one ease tlie patient had roeni^emjerapliie evidenee of niili.ary jnilinonaiy iiililtra- 
tious, whieli jmrsi.sted for seveiail years but tinully disappeareji. 

Tlie leueoeytosis, and espeeially tlio co.sinophilia, reinaineil lon^ after the fever liad 
disaitpoared. The course of tlie disease is chronic, but it may end in complete recovery. 

In one case death occurred from intercurrent illness during the lirst year of observa- 
tion. In the seconil case the patient was kept under observ.’ilion for .several years and 
tinully recovered completely. Jn the third ca.se, in which the patient is .still being followed, 
there was a febrile period, but the child i:, now apparently in good health; the total leucocyte 
count has returned to normal, but a marked increa.se in eosinophilic celbs still persists. 

Data from I ca.ses, reporteil from Havana, in which the di.-ea.'-e resembled that in these 
cases arc cited. The 7 cases re.-emble each other clo.-ely and :ippear to be e.vamplcs of a 
clinical entity. 

The relation of this syndrome to other pathologic state.s in which there are extreme 
leueoeytosis and eosinopliilia is di.scn.s.-ed, anil it is shown that the .syndrome fails to fit 
into the category of any of the previously described conditions. Although the eau,-c of the 
syndrome is unknown, it is most prolmbly some type of chronic infection. 

SULFANECiAMIDE, Erythrocyte Er.agiJlty Changes Procluccct by, Aatopol, W., Goldman, 

L., and Sampson, W, L. Am. J. .Med. .S‘c. 202: 103, 1011. 

The admini.stration of .sulfanilamide to rats re.iults in an increa.-ed re.sisttince of the 
red blood cells to hemolysis in hypotonic .-aline solution, and in splenomegaly with the 
liistologic picture of active hyperemia such as seen in hemolytic anemia. 

COBONAEY ABTERY OCCLUSIONS, Incidence and Localization of, Schlesinger, M. X, 

and Zoll, P. M. Arch. Path. 32: 17s, JOH. 

More than one-half of tlie points of oeclimion in the eoronary arteries are overlooked by 
ordinary dissections. 

Most zones of occlusion of the coronary arteries are less tlmn S mm. in length :md 
are, therefore, easily overlooked. 

Occlusions are as numerous in the right coronary artery as in the left descending coronary 
artery. 

There is no relationship between the manner of branching of tiie coronary' iirterie.s 
and the localization of occlmsions tliorein. 

Tlie majority of coronary artery occlusions are found witliin 3 cm. of the moutlis of 
these vessels. 


ITEM 


Urology Award 

The American Urological A.s.social ion offer.s an annual award “not to ex- 
ceed .$500.00” for an essay (or es.say.s) on the result of some siiccitic clinical or 
laboratory research in urology. The amount of tlie prize is liascd on the merits 
of the work represented, and if the Committee on Scientific Keseareh deem none 
of the offerings worthy, no award will be made. Competitors shall be limited to 
residents in urology in recognized hospitals and to urologists who have been in 
such specific practice for not more than five years. 

Essays shall he in the hands of the Secretary, Dr. Clyde L. Deming, 7S9 
Howard Avenue, New Haven, Conn., on or before April 1, 1942. 
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eoveml in 1904 tlie sixth ciisc in an inl'ant from Tenncjsset;. The iliaf'iio.sis was 
made in this ease fui- llie liisl time duriii" lit'e liy the lindinf,' of tlie ])anisitc-.s 
in the monoeyfes of the l)lood. For tlie tirst time, lihewise, the orj'ani.sin was 
sneeessfiilly eiiltivated from material obtained at autopsy, and De.ironhreiiii’ 
was able to pi’oduee the <lisease in monkeys by inti'a venous injeetion of eiiltiircs. 

Subseciviently, A":ress and (lray.“ Amolseh ami Wax,"’ Sliafi'er, Shaul, ami 
i\litehell,’* and (,'lemens and Barnes.'- reported eases of systeniie histophi-siuosis 
in whieh diagnosis was established at i)ostmortem by liie tiiulini' of the i)anisites 
within the eells of infeeted orjians. Culture of the parasite from the spleen was 
obtained in only one of thesi' four eases, that reported by Clemens and Barnes.'- 

Clinically, systemic histoplasmosis, as deseril)ed by Darlinur, is eharaetcriml 
by “.splenomegaly, cmaeiation. irregular i)yrexia, leukopenia, and anemia.’' 
Only in the ease of Crumrine and Ke.s.sel was .splenomei'al.v ab.seiit. The pathol- 
ogy has been de.seribed as ‘•the invasion of endothelial cells in the smaller lymph 
and blood ve.ssels and eapillai'ies by enormous nuniliers of a small eneaj)sulatcil 
organism (//).s7o/.//n.v»n/ ((iijsiiliilttm). causing necrosis of the liver with eirrlio- 
sis, splenomegaly, p.seudograniiloma of the lungs, small and large intestinc.s-, 
w'ith ulceration of the latter, and necrosis of the lymph nodes draining the 
in.iected vi.seera.’’'’^ 

(’ASK |{Kl*OIiT 

Tlie piitieut, a aS-yoarold negro man. ua.s referred to .St. I'liilip Jlospiltil, on Marcll lie, 
1939, for diagnosi.'j. Jlis chief eoniplaint vva.s •• weaknes.^. ’ ' a .'Vniptoni wliieli liad bct'orae 
progressively more prononneed .since it was lir.st noticed in mid-December. .V janitor in a 
re.al estate office, he hud continued iit work until the dtiy before adini.-sion, in .spite of an 
increasing )Yeaknos.s of lii.s arm.s and leg.s, whieh .steadily ineren.-ed tlie elYorl required in the 
perforniaiiee of lii.s routine durie.s. He had had a loose rough with slight e.vpeetoration 
since .January, and had noted profu.'e sweating, a.'-.soeiated at times witli tlie sensation of 
“chills.” The sweats were aotieeable e.-peeially at night, often heiiig of a .severity sufficient 
to make him get up and change his clothing. Kor two muntlis iirevions to Ids admission to the 
hospital ho had been unable to walk more Ilian a city block witliont sitting down to rest 
becnuse of dyspnea and weaknes.-. in the knees. His a[)[K‘tite had grown progressivelv poorer, 
and during the last week he had drunk only milk. Hoar.-i'iic.ss al.-o had been noted during 
the last week. The iiatient believed he had lost about oO poiimbs in weight, nnd for three 
weeks had been troubled with a watery diarrhea. 

Past history was noiies.-ential, e.veept for the ohservation tliat the patient, born in 
South Carolina, had lived in Riehmond, A'a., for the past twenty years and had had no known 
contuct.s witli the tropics. His health had been good until the present. 

Physical Examination : The patient’s skin was hot and moist. His iiiueons meiiibrancs 
were pale. He was very cooperative but a marked lioarsene.-'.s made ditiiciilt liis response 
to questioning. His temperature w.as 102° P., pulse rate lOS, and respiration, 22 per min- 
uto. Examination of the eyes revealed small, white, irregular area.s .surrounded bv lienior- 
rhages in both fundi. These were not unlike tuben-ies. The pharynx was reddened. On 
laryngeal e.xamination there was .seen to lie edema of botli arytenoids with hypcromic cords 
which did not approximate well. The right cord especially was roiighoiicd, but there were 
no ulcerations. Hy-mpli glands in the axillary-, cervical, submental, and popliteal areas were 
enlarged, soft, discreet, and nontender. Chest examination revealed moist rfiles in both bases 
posteriorly and bronchial breathing on the right, anteriorly, just below the nipple area. 
With the exception of a soft systolic murmur, which was hoard over tlie apex and not trans- 
mitted, heart examination was negative. The blood pre.ssure was svstolie 12-t and diastolic 
00. Tlie abdomen was negative; neither the spleen nor the liver was palpated. There were 
no alterations in refle.xes. The admission impressions were miliary tuberculosis, bacterial 
endocarditis, and Hodgkin’s disease. 
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..•r. .rruvitv tiuee of uUni'"'") 
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.iouul >U.S con ana byaV.ne ca.t. Ufooa- oA Iv.o.a.ocv.o,, .S ,er cent, a.ono- 

-U- 3 ‘’00- ailToroutv.vl count: neutrophil lUooa cliomi.stry: suf.ir 111 
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Cjua ^ I ... or. .n,r i‘:v\o\\UU 1'“^' t ...... W4‘ri» nt'tlUtUt'-. 


,i.c .isi... ;;t “ *tTZ, 

In ihc hospitul the patnuU ran a. 10:i ile^recs, rising to ^hn b»o ‘ - 

bv an irregular regularity. This rangi „,onung, only to rise 

le'vel beuveen I and 12 i-.M. ana falling a Ji Jnily without oxccptioii until The 

again in the late afternoon ,la,t„atea between DO ami 101 degrees witl. 

final week of his illnes-S "hen tin 1 . . „ 

the higher level still in ..nid. when repeated sputum examinations ner 

The patient eontinued to grow ^ eonsulted bneaii.se of the anemia. 

,1 .1. .ub...'.- 

Studv of tlio blood smear slio\ ^ ^ eontinued to examine the 

presence of an endothelial t.vpe of Uudiiig of a largo phagoeytie cell 

smear further, the .-eurch being fm.vl vverc not identified. The 

containing numerous .small bluish hyame^b regenerative, hypochromic, 

report on this examination was. gl.ift at the stab level 

microcytic anemia witli rare ^ f.^quent Dbhle bodies. An occasional blast 

nenttophiles show slight toxic griumla ^ cliccking, these were found to 

cell is seen and the Vua«oevtie monocytes are present and rarely one of 

number 122,000 (normal o00,000). ,,yaii„e bodies wifli dark staining nuclei, 

these is seen to continu ^ .%c,<.ittble Leishnian-Konovan bodies.” 

These measure 2n to V and . gu y f^rTtUer study of the blood. The bone marrow 

Sternal puncture was ^esorteu parasites, and there were numbers of 

aspiration showed numerous mono > organisms. The marrow was moderately erytliro- 

ncutrophiles containing from one yiegakaryocytes were notably decreased, 

blastic and contained a ° phagocytosed red and white blood cells in the large 

In addition to the ^ binucleated. 

endothelial cells, many o axlUarv lymph node was removed. This showed a chronic 

Following this finding, an reticulum, the reticulum cells, under oil immersion, 

lymphadenitis with prollfera possessed a pale peripheral halo and 

being engorged with nnmerou 

a faint oval basophilic cen er.^^^ .vas re-examined and a fresh culture was taken. 

A previously ^ found to be positive for nisioplasma capsuJatum. In 

These were examined ior continued to show the parasites in increasing numbers, 

the meanwhile daily observed only in the monocytes, as the disease pro- 

Wliile at first the to contain them. There was a steady increase in toxic 

gressed the ^ of tPe leucocytes, as normoblasts and myelocytes began to appear 

degenerative granu patient, becoming gradually weaker, died in stupor on April 

in greater numbers, auu i 

24, 1939- post-jiortem EX.VAIIXATIOX 

(Abstract from Protocol) 

Uv the only finding of interest was that of a moderate swelling of lymph nodes 
Externa lesions of any type were noted, 

in the axi ’ right pleural cavity contained approximately 500 c.c. of clear straw- 

floid There was no effusion into the left pleural cavity or the pericardial cavitj-. 

right upper lobe in its lateral aspect showed •- ^ 

.- 7 . 1 .:*.-. Tivia.icii'ri'mT nrtnrnviTnfli ' ~ - 


depressed 


JjUnd^’ iiic w... cue rigut up^Jei ivuts iu aia lutc:**!* aai[<ccu auu»cu a, uepccaocu 

Hate grayish-white area, measuring approximately 0.5 cm. in diameter in its central por- 
tion^ ggetions through this lesion showed a roughly triangular area slightly raised, measur- 


422 


FIs. 3 


THK j6uri.V.\L OF L.\HOI£.\’rOJ{Y .VND C'l.lXKUL .MKDICi.NK 




( 



■i 



Fig- 1- — Pcrlphuriil blood !<ho\vinK lUiruaUct! In ijolymofidiouuclonr colls. 



. — Large binucleated endothelial cells containing numerous parasites. Sternal bone 

marrow. 
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Fie. 3. — Endothelial cell from bone marrow puncture is shown with engulfed normoblasts and 

parasites. 
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ing about 2 cm. at its pleural ba.'-e and 2 cm. from the ba.'O to it.s ape.i; near the hilus. This 
area of inliltratioii nas compo.-ed of dlMTcte ami frequently conglonierato nodules, measur- 
ing from the size of a millet seed to mm. in diameter. They were .-ituated for the most 
part peribronchially, but did not .--how ro.-etle formation or any other ili.stinct pattern of 
distribution. On cut .surface llu- nodule.s were rai.'ed, grayi.sli white in color and partiallj 
caseous in their center. The mar;;!!!.^ of the larger continent areas of grayi.sh-yellow nccro:CS 
were firmer and pre.“entcd a .somewhat gritty .-"eii.-ation when .scraped with a knile. The 
intervening tissue wa.s slightly depre.s.--ed benetifh the cut .■-urface with gmyi.sh-whito proin.- 
nent bands. There w;i.s abundant anthraco.-is in this area. No ab.-ec.-.-es wen; seen. The 
remaining parenchyma of both lungs was norm.-d. The hilar lymph nodes were moderateb 
enlarged and contained carbon pigment; they failed to dl.-i-lo.-c* distinctly vi.sible nodules 
or areas of caseation. 

Spleen: The spleen weighed fittfi fini. ;iiid measured 11 by 11 by 7 cm. It wjis firmer 
in consistency than normal. The pulp did not .'•crape aw.'iy on the knife edge. The fol- 
licular and trabecular structures were ob.-cured. 

Ki(lncy.s: Each kidney weighcil 2iH> Gm. and measuied 1(1 by 7 by 1 cm. Their sur- 
faces were very finely gramdar. The cut surface was vt-ry tuoist. There w:is an eversion ot 
the cut edges. The cortieomedulhiry demarcations ueie markedly obscured. The architec- 
ture of the medulla and cortc.s proper appi-ared to be normal. 

Liver: The liver weiglied 2,lrt0 Gm. Its diniensious weie 27 by bs by 10 cm. Gro.-sly 
it presented no abiuirmaUties. 

Intestines : Tlio lower la cm. of the ileum, the eeeum, and the aseeildiiig colon showed 
scattered mueo.sal nodules, meiusuring from 2 to d mm. in diameter, r.ii.sed about 2 mm. above 
the surface. The smaller nodule.- were grayish white. Oii .-eetiouing they were firm and 
solid. Tlio larger ones sliowed central areas of ea.-eatioii. In the eeeum and ascending 
colon were found numerous areas of uleoratioii, mostly rouiul in slia[)e, TTieir miirgins were 
sliurp but ragged and surrounded liy a heiiiorrliagie zone. TTiey did not seem to be un- 
dermined. TTio ulcers measured from 1 mm. to about .7 nim. in diameter. 

Lymph Xodrs: Tlie mesenterie lymph nodes were moderately enlarged. The piira- 
aortio lymph nodes and lymph nodes of the liver hilus wer.' markedly enlarged, matted 
together in irregular masses adherent to the adjaeent ti.-.sues. They were firm to palpa- 
tion and on section .sliowcd irregular wcll-dcliiicil areas of ycllowi-h necrosi.s. 

Vertebral Bone Marrow: .Showed gro.-sly no abiioniialitic.s. 


JHCROSCOEIC E.XAJHNATION 

Oryanisms; Characteristic organi.-ms of Uixtoplasma eapsiilatum were found in the 
lungs, spleen, kidney, intestines, liver, pancreas, lymph nodes, and bone mariow. The organ- 
ism itself was usually round, or slightly oblong, in shape, and measured approximately -P 
to 4^ in diameter. In both the ordinary heiiiato.xyHu-eosiu stain and in Goodpivsture’s stain 
the external membrane was iioiistainiiig and doubly refract ile. The internal structure of 
the organism was variable. It contained a clear vacuolated iionstainiiig cytoplasm and a 
bluish-stained chromatin iiintcrial, tlie arrangement of which varied greatly. In .some of 
tliem tlie chromatin niuterial was finely granular and fouml in tlie center of the body; in 
some it was situated at one or both jioles in Hie form of .-mall and larger round masses; in 
others these unipolar or bipolar masses were more ero.-centie in shape and partially encir- 
cled either one or both poles. In still othens they .-cemed to oneirclo the periphery entirely. 
In all bodies the remaining portion of the organism was compo.-ed of a noustaiiiing cyto- 
plasm which was negative for both Ziehl-Xcelsen and fat .stains. For the most part the 
organisms were found ingested in cells, but oecasioimlly tlicy were found free, singly and 
in groups. 

Typical Lesion: The typical lesion produced in tlio various organs by llistoplasma 
capsulaUvni was a rather characteristic nodular gi-anuloma re.souibling a tubercle or a gumma. 
The nodules varied in size from 15^4 to 20m to several millimeters in diameter. The smaller 
were circular in outline, the larger appeared to bo confluent, disclosing serpiginous borders 
or a maplike outline. The central portions were composed of eosinophilic staining, partially 
granular, unidentifiable material. Some foci of necrosis contained many nuclear fragments. 
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III luuny of tiu'iih of sfill i’ovi'uUmI u .''liiuiowy outiiiu! of t)to urulor* 

lyinjj struoturos. wore* I’ouiiil li> hi; rmir.-in^; tliroii;;li tin* (.‘iitiru iwiUiU; uml wore 

often seen to he patent ami lilleil with hlooil, even in tin; venter of the iiei;ro.ii.«. Tin; een- 

ttnl ncerotie aroa.-i freijiientiy li’i.'-eio.'-eA the struetuve of elnalie meiiihranea .still eoinpletely 
or partially intact. Tin; alV(>ol.’ir .septa ami v^“^sels could easily la; recoj'uized within the 

areas o£ neerosis by elastic ti.sMie stains. At the periphery the necrotic areas shaped tlieia- 

selves into ill-delined faintly stainiii;' “ghosts'’ of markedly eueori'cd inonimnclear cells. 
Still more poripheraily the htrfte inotioeyles were well preserved. They contained inge.sted 
material which wa.s eonipo.sed of laree uumher.s of closely \)ac!(e<! Uislo[il<isiiia citp.suUiium 
orgiinisms. About the peripliery of the nodules were .scattered pfasnia. ceils, lyniphocyte.s, 
and a few polymorphonuclear cells. Giant cells and epithelioid cells wore ahsent. 



Fig. 5. — Yeastlike forms of Histojiinsma capsuUUum from a six-ttay-oW culture on sealed blood 
agar slant at 37“ C. Wet mount (X'!Dt)). 



Fie. 6. — Hypbae developing from yeastlike form in semianlio o„o,. 

^ blood at 37" C. mounT containing fresh 


Lungs: Sections through the lesion.s at the base of the upper lobe of tbo • i . 
showed many of the typical granulomas described. Here thev\Lrp 
one area a cytopla.sn.atie mass was encountered which resemWern T ,'' 
vesicular nuclei were grouped around a pink-staining cytoplasm Tr S^ant cell: 

definitely identified as a foreign body giant cell In mhliHnn / be 

lesion there was a marked polymorphonuclear cell inflltratior ' typical 
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Fig. 7. — Early mycelial type of growtli in .•.anie media aj Fii,'. C at room temperature. Met 

mount (X'OO). 



Pig. 8. — Development of mycelial form on dextrose agar plates at room temperature, showinS 
enlarging artlirospores, tVet mount (X700). 



Tjit, 9 Further development of arthrospores showing the tuberclelike protrusions. 

(X700). 


TVet mount 
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intcnilvfohir iioiila. Tlicn- woro al.-o ilisiTcot areas of (ienso ialillratioa with iiulyiiioriilio- 
nuclear cells, whicli slioweil a Ii<iaefaelivo ueerosiH of tlio uiKlerlyia;^ tis.'-ues. Tliesc pos- 
fossod all the ehiiraeteristic.s of a true, tlioanh small, abscess. Miirked iater.stitial infiltra- 
tion with lymphoevtcs and plasnni cells was found in the vicinity of the above-de.scribed 
granulomatous nodules in the interalveolar .-epta. There was e.xtensive librous scarring 
throughout. .V. number of large discrete areas were encountered which resembled old- 
healed conglomerate tubercles. In fact, from a histologic point of view, they could not 
be distinguished from the latter. It is uncertain whether or not such foci should be looked 
upon as a healing phase of the granulomas caused by Ili.iloplasma cap.iulatuiii. 

Vessels were involved in the inllammatory proce.-.ses. Arteries of vtirious sizes were 
seen with proliferating endarteritis and complete obstruction of their lumina. The granula- 
tion tissue in many areas involved medium-sized and smaller veins. Elastic tissue stain 
disclosed that all layers of the wall were infdtrated by a variety of small round cells. The 
clastic lamellae, in particular those of the adventitial layers, wore “teased up,’' split apart, 
and partially disintegrated. The process encroached upon the media and resulted in dis- 
integration of the wall and segmental di.sappearance of elastic fibers. Alany veins showed 
proliferation of subintimal cells with formation of intimal pads. In some of these the 
granulation tissue completely occluded the lumen. 



_ Fig. 10. — Three weeks’ old culture on Sabouraud’s dextrose aear at * 

Txll tr'^^ which give the colony its fluffy appearance arl plainly Visible. * Avit mSmit 

Spleen: The spleen showed many minute discrete nodules of the typical type Poly- 
morphonuclear cell reaction, however, within or in the vicinity of these granulomas vL 
rather scarce. The sinusoids were dilated and contained large monocytes and desquamated 
reticulum cells, both of which were markedly engorged with organisms. There was diffuse 
hyperplasia of the reticulum which was best seen in silver stains. 

Pancreas: The pancreas showed a slight diffuse lymphocytic and plasma cell lufiu 
tion of the somewhat edematous interstitial connective tissue There w " i ^ mfiltra- 

macrophages that contained the ingested organisms, aiaracteristie node's were'no^r^^ 
countered. ® 

Kidneys: The kidneys did not show specifle nodules 
occasionally found in large cells in the glomerular tufts. It could not^h^Tf’ 
these ceUs were endothelial or epithelial. The interstifint ° ^®termined whether 

and a moderate infiltration with plasma aid roTnrceli; o " 
cells were also encountered. ' Occasional polymorphonuclear 

Liver: The liver contained many minute and lart^P t . - i 
nodules. They bore no special relation to the liver Inh 1 Sistoplasma capsulatum 

areas, others midway between the center and the periphlrv oTIl 75 

peripnery of the lobules, and still others 
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stance were greatly iucroSocfia «'or .ub- 

essentially negative. ' Die erganian,-. Otlierwi.-e (be liver was 

rule did not e.^dend'd“el-e^^l^^Ou*'M^^^^^^^^^^^ a 

nnned Iho floor and nmrgin.s were .■owpa.od of nevrofi •' r’"’ 
ghosts of large nioiionuolear cell^ with ,>I,n<'Oc-yto ■ ‘ fragments and 

found a layer of nonspecitie granulation STth- r" m 

piagea witli ingested organisms, a varietv of l-.r- ' ‘"“-“'‘ed many mononuclear macro- 

capillaries. PolyinorplioniH.lear -ell.e wer'e «''-'ohbst.,-, and 

Tho involvement of the vessel, wa.s of the ‘ b'^^nuhtloa tis.ne. 

Sodes: They contain.,] 

cells throughout were very conspieuou.s hein,/ ‘’^’■‘’‘-•'•ihod. Reticulum 

Ireles were small and widely se,,arated hv .1,"/^' The fol- 

nue ear cells were scarce. M.anv vein., in^./^rh , - ^^olvmorpho. 

tint contained the organi.sm.s. Poriendophlehitis' ‘’"Jlurged with macrophages 

mononuclear macrophage., and retliluir.lX'J:,;’'' 

-Brnia; Permission for e.vami„afi„„ o „ !T " ’ “''iiuni.m.s. 

not possiblo to e.vamine tlie ,<ye.s, *' Itiveii, and it was, therefore, 

'-I'- 'vere e....en,ially m-gntive. 

-MYCOI.OOJO .STFD/i.;.s 

tlio ten easc« VZ. only one of 

patient. Iti this ease, jiiusentec] *br DocUl ^ ‘ ‘‘|!4tu).sed lietoro Die .lealJi of the 
bodies of Ilktophismu cau.iulatum vVei-e I'oaini youstUko 

the fungus was also cultivated fmn the I in' i ! 

Barnes'- have also reported b'ttdittg the Lri 'n . Clemens and 

their case and examined one month l-it.e .* culture taken on 

autopsy. Since the ante-mortem di-i'ni/ici!' "'a-s eslahbshed at 

time, upon these findings, we are Jirasentin/fhe".'^ "‘ted ion rests, at the present 
mg the parasite from tJiis ease of svsferii;'^ j • "aed in obtain- 

The blood eiiltiiro media uDlitl pol^ rP 
which we used in this study is pivmvecl -t •'^r kihovatovy and 

taming 0.3 per cent dextrose, 0,5 iier ooih -^ infusion brotJi eon- 

adjusted to pH 7.4 is sterilized in 40 nn *^-2 per cent agar 

Usually 10 e.c. of blood are taJien fiv.m «»iall Erlenmeyer llaslcs. 

into the flask. Incubation is caiTlod out ""d inoeiihited directly 

case may warrant, at a tcmpei-ature of 37 ° ""aerobically, as the 

The first blood culture was received n 
mission to the hospital, and approximdnK- ? “'I' 

symptoms. Tliis culture was found fn ^veeks after tlie ojiset of 

the end of four days’ ineubatioji, A seeool-jT!’"'?''^''’^^ discarded at 

day’-s later. There were noticed in this fUo) ^ «aitiire was received three 
tion numerous yeastlike bodies and u "T twelve days’ ineuba- 

us (H. I.) had found similar bodies iomewbtf mycelial threads. One of 

the peripheral blood. These bodies were 1 - ‘^;“'"cr in smears prepared from 
ticularly within the cytoplasm of the Toimd witJiin the cells, par- 

the blood culture media tended to ndhp.>« T Tlie yeastlike cells in 

aaaeie to one anotJier after division and were 
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often found in .small clusters, particularly in wet preparations. One or two 
dark granules were visible within the otherwise clear eytopla.sm of these un- 
stained cells. WHien stained by Wright’s method, the organisms were almost 
identical in appearance to those occurring in the tissue cells. Tliey appeared 
as oval, occasionally round, cells, 2.7/i to in their longest diameter, exclu- 
sive of the capsule .surro\uuling tlieni. In this respect tliey were slightly larger 
than the parasites within the cells, the majority of which were between 1.8/a 
and 2.7/1, although infrcipiently larger cells measuring up to 3.()/i could be 
found. Within the para.site was a dark staining chromatin-like ma.ss placed 
cither at the larger end or in a semilunar arrangement at the end and along 
the side walls of the cells. 

On the same day that this finding was made, a third specimen of blood was 
taken in citrate .solution. When this was cultivated on Sabouraud’s dextro.se 
agar plates, fungi again were i.solated. 


Subcultures of the first blood culture .showing growth were made in dupli- 
cate on Sabouraud’s dextro.se agar, dextrose extract agar, brain veal agar, and 
sealed brain veal blood agar slants. One .set of slants was ineubated at 37° C. 
and the other set at room temperature. Growth first appeared in the subcul- 
tures on Sabouraud’s dextrose agar and dextrose extract agar kept at room 
temperature. Within five to six days small white colonies with a downy surface 
were visible. They slowly increased in size, with the production of white, 
feathery, aerial hyphae, arising from a base which became brown in color as 
the colony aged. The colonies adhered tenaciously to the surface of the media 
and were removed with difficulty. Similarly growth appeared on the plain 
brain veal agar slightly later, but at no time was growth on this media as heavy 
or as rapid as that on media containing dextrose. 


Wet preparations of material from these colonies showed branched, hyaline, 
septate mycelium, 2/a to 5/a in diameter, within which were seen many dark, 
dancing granules. Developing arthrospores, 8/a to 13/a in diameter, were visible. 
They occurred on the ends of branches or from stallvs along the hyphae. These 
smooth-walled spores also contained numerous sporelike bodies which iSIoore'^ 
considered to be endospores. The studies of HowelP'^ have shown these larger 
cells to be true aleurospores. Occasionally in old cultures one could see tuber- 
eulate spores, pyriform in shape. 


On sealed blood agar slants and in semisolid culture media containing fresh 
blood ineubated at 37° C. the tendency was for the fungus to grow in the yeast- 
like stage. Cells somewhat larger than those seen in the tissues formed. These 
observations were similar to those of DeMonbreun,® who first determined the 
two forms of growth for this organism. The first, the yeastlike form occurs in 
the body and on blood agar slants. He used the growth from these slants to 
reproduce the disease experimentally in monkeys. The second, the mycelial 
stage that we have described above, occurs on media ineubated aerobically at 
room tempeimture. Intermingled with the yeastlike forms were lai-er cells 
f,.om which hyphae appeared to be devclopiag. The grosa appearapce of the 
growth on sealed blood agar slants was that of dull -ravish i • 

adhering well to the media. The surface of the Ini:, ' 
slight tendency to the formation of aerial hyphae. ^ 
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PRELDIINARY ANIAIAL E.XI’ERL’NtENT.S 

Mice. Ten mice were inoeulated iufraperitoiieally with amounts varyin- 
irom U.5 e.c to 1.0 e.e. of a saline suspension of tlie six days’ -rowth from the 
sealed blood a-ar slants. Althou-Ii tliero was some indication of infection in 
wo mice, the results with tliese animal.s were unsatisfactory, perhaps due to 
their relative insusceptibility to infection with the fun-ius. 

Rabbits. Two rabbits were injected intravenously with 1.5 e.c. each of a 
similar suspension to that used in mice. Seven weeks later the animals were 
killed and autopsied. The or^mns were normal on ^rass appearance. Snieai. 
picpaicc lom \aiious tissues lailed to show the J/ustoplasma capsulatiim bodies. 

Guinea pi-is. One guinea pi- was inoculated intraperitoneally with 1.0 e.c. 
1 ^. t 'i^' Kiowth in the blood culture media. This culture had been ineu- 

)a ec 01 wo Mce^s at the time it was used for the animat inoculation. The 
pip „iac ua j ost wei-ht, and at the end of seven weeks was -reatlv emaciated. 
It wms killed at this time and examined for evidence of infection. Le.sion.s tvpieal 
ot those tound in histoplasmosis were present. 

There was a collection of fluid in botii the peritoneal and pleural cavities. 
bilir,.rr T approximately three times its normal size. The 

Im Z 1 P^Giallv involved 

m^v L? r ’ i"’ '»an-ow showed 

many histoplasma bodies pre.sent both free and within the cells. 

and b'l-anulomas were seen in the lungs, liver, 

also b 1 organisms were noted in these organs and 

M tl,a 1 essentially similar 

to that described in the patient. 

ifisfo^Rasam cajMuhiiina. w'us -rown from (..I. i 

and lymph nodes. ' 

CO.aiJIENT 

The hematologic aspects of our ca.se are of particular interest for if the 
a^d^ iltme" O ‘^Gidy of Hie blood 

phagocytes with way, pale staining, l.-ht blue cytoplasm engulfing numbers of 
Lilt^ Thfdk°r ^ f vecognize them thereafter without diffi- 

S- of nimm, • iT supposed, and the find- 

to”bavr w T ' weakened, emaciated patient who is found 

Lt sept e temperature should lead one to search the blood smear for 
these parasitic-laden monocytes. 

Pi^sence of the Histoplasma capsuhdum in the neutropliiles iias not been 
noted m other cases reported. In the terminal phase these were noted in 
increasing mimbers Uie polymorphonuclear colls containing from one to five 

malar n'”' f”*'™ «>>servation that the organisms, as in kala-atar and 

malaria, appear m great numbers in the hnno mn,.,.., i r t 
a ,1 T “One marrow’ nudtes sternal puncture 

valuable as a diagnostic approach in suggestive cases 

The stage of the disease in which the parasite may first be found in the blood 
m human beings ,s not at present known. As sternal puncture, performed the 
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sAUic clay the oi'j'anisiu was found iu the blood only artcr })i'olonj'ed seai’ch, 
showed parasites iu tiu; i)one inavvow iu Ki’tiid mimi)ers, lids should prove a 
valuable aid iu early diafeuuwis. Blood culture at Ibis time also was positive. 



must imdoubtedly pluy a part, the lepcmciythroblastk' ty™ rf 
and dm „„„,ba.P „t Wgc ™,„„„ytes i„„ud in tba 
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that the anemia is largely due to crowding oi’ tlie marrow by numbei's of 
these large monocytes. 

The tnbercle-like lesions with hemorrhage in tlie fundi have not been noted 
in the other reported cases. It is unfortunate that post-mortem verilieatiou 
of these lesions was not possible. 




H\ 








Fig. 14.— Alveoli of the lung containing large endothelial ceils filled with the parasites (X360). 

Histo'plus'nid cdpsulittum can be grown with comparative ease on a variety 
of media, using either fresh or citrated blood from tlie patient. However, flasks 
of liquid or seniisolid media, such as we have used, are most desirable because 
of the larger amounts of blood that can be inoculated. 
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Initial gi'owtli is slow in the l)lood culUii'c media ineubated at 37° C. The 
yeastlike forms that develop under these eonditions may not he numerous enough 
to be easily seen in wet mount.s or stained preparations until one or two weeks 
have elapsed. When stained by Wright’s method, the young cells arc in ap- 
pearance very similar to those seen in blood smears from the patient. The dark 
staining chromatin ma.ss within the cells lies either at the end or along the side 
walls. !Many cells are surrounded by a clear capsular-like area. 

The vegetative form of the fungus develops when these cells are subeultured 
on solid media and ineubated at room temperature. Growth occurs more rap- 
idly than in the initial isolation and may be visible within five to six days as 
small, white, downy colonics. This type of growth is characterized by the forma- 
tion of large, luberculate spores which arc an aid in identifying this and related 
species and may be seen in wet mounts of the colonies. They have been likened 
in appearance by DelMonbreun'* “to the ancient Teutonic war clubs.’’ 

No previous report of the reproduction of systemic disease in guinea pigs 
has been noted. We have successfully infected this animal by intraperitoneal 
injection of the yeasllike form. A slowly progre.ssive infection was produced, 
and at autop.sy the typical jiathology of histoplasmosis was observed. 

Thus far, our attempts to reproduce the disease in mice and rabbits have 
not been successful. 

It is interesting to note that the parasite was seen at autopsy in the kidneys 
of both the patient and the experimentally infected animal. This offers the 
future possibility of isolating the organism from the urine. Preliminary experi- 
ments with guinea pigs, which will be reported later, bear out this suggestion. 
We have been able to isolate the organism from this soui’ce on several occasions. 


Frequently the lesions found at autopsy have been compared with the 
tubercle. Though the foci vaiy to a certain extent in various organs according 
to the stage of development, they differ essentially from the tuberculous lesion 
in that true epithelioid cells and Langhans’ giant cells are absent. The large 
mononuclear cell reaction in some areas may closely resemble epithelioid cells 
of an early tubercle, but parallel arrangement in radiating fashion, elongation 
to spindle-shaped cells, and a resemblance to endothelial or connective tissue 


elements could nowhere be demonstrated. Furthermore, the lesions of the lung 
differ essentially from the formation of tubercles in that the tissue undergoes 
necrosis apparently before proliferative reaction has commenced. The areas of 
necrosis in contradistinction to tuberculosis show the shadowy outline of the 
underlying structure and the intact vessels travei’sing the foci. 

The involvement of vessels is a conspicuous feature, particularly the peri- 
endophlebitis, though this process is not in itself pathognomonic. It has been 
suggested by Phelps and iIalloi-y,= and later by Dodd and Tompkins ^ that 
the packing of blood capillaries and sinusoids with leucocytes causes the focal 
necrosis by ischemia. It is our impression that some toxic process liberated 
by the organism is responsible for the necrosis, since small vessels and eanil 
laries are abimdant and patent both surrounding the nodular granuloma Ind 
even passing through the necrotic areas. 

The appearance of the healing sta^e of the i 

the 1»BS not been deseribed eatlfaclorUy. It is nLertainT 
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whether the nodules in our ease reseiubiin;^ old healed lubereles siioiild be 
interpreted as healinti //is/op/a.san/ capsnltituiii ■iranuloinas or true tubercles. 
Finally, it .should be mentioned that marked polymorphonuelear cell rcaetion 
with ab.see.s.s formation oeeurs. This type of eellular reaetion has not been 
described in any other jirevious ease. 


Sl'MM.AUV 

A case of sy.stemie histoplasmosis is reported in whieli diaj'iiosi.s was made 
before death by means of smear and eulturc of the ori'anism from the blood. 
Experimental production of the disea.se in ■'uinea [)i!.<s is de.seribed. 

A detailed de.seription of the patholo-rie morpholo^'y and its dift’erential 
diagnosis is given. 
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CllAUM-S LkUoV STKlNlll 


m-., liociiKSTiru. N. V 


1 , . A.-ui..U l-ikt* Dlace in rheumatoid or atrophic 

JHE sort and ‘ The .swelling, the increase in local 

1 artl,n.,A .l.c joi.il .slrnc-lin-e which the clinician 

heat, and redness ot llu. . tl>e patient notices are 

observes, and the pain synovial membrane, tlie capsule, and 

caused liy an active mllan . synovial membrane 

the surrounding «oft of a thin layer of cells richly supplied 

or stratum synoviale lb i ^ ‘ connective tissue cells poorly supplied with 

witli nuclei and a subjacen * ‘ supplied bv a close network of blood 

nuclei. The synovial meni irai through normal synovial mem- 

vessels and nerves. ^ proliferation of the cells of the 

brane. In ‘I eventuallv produces a layer of granulation tissue or 

sjmovial . cartilage. A similar process occurs simultaneousb', 

pannus over the ‘ elements of the marrow below the articular 

involving the conn „..„,.css extends through the zone of provisional caleifica- 

eartilage. The tat I from below, wliile a similar pathologic 

tion and destrojs proliferated .synovial membrane destroys the articular 

process evidenced } opposing processes eventually destroy the 

cartilaginous -sui a layers of active granulation tissue have marked 

articular earti age. and bony ti.ssues, and when they do we have 

potentialities of toimin^ 
a resulting fibrous or bony ankjlosis. 

dal fluid is increased in the earlier stages and decreased m amount 
The sjniov stages. Eoimd cell infiltration occurs into 

or comple e vessels appear, and fibroblastic activity occurs. Decalci- 

the the juxtaarticular position. This leads to rarefaction and 

fieation wc pathologic picture given so far is essentially in agreement 

loss of Nichols and Richardson,^ Allison and Ghormley,- and others.^ 

with t Gliormley^ believe that atrophic arthritis has a specific micro- 

Allison ^ ^ Histologically the tissue shows a definite picture, it is as clear-cut 

^ that of tuberculosis, mainl.v a proliferative change in the synovial membrane 
^ T marrow which is characterized by focal collection of Ijnnphocytes. This 
^^ieroscopie picture will, we believe, he enough to establish the diagnosis of 
Uferative arthritis, and in our own experience has been enough to predict the 
rubseciuent changes in several instances where the tissues showed the eharaeter- 

Tprom the AVrthritic Clinic. Rochester General Hospital. Rochester. X. Y. 

Presented by title at the Seventh Annual Jleetins of the American' Rlieumatism Associa- 
■Sew York City. June 10. 19t0. 

Received for publication. X'oveinber 13. 1940. 
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istic changes in the early stages of the elinieal clislurhanees.” Tliey emphasize 
that the local collections o! lymphocytes are not perivascular. .Miller' adds to 
this interpretation. lie helieve.s that the focal collection of lymi)liocytes indicates 
that atrophic arthritis is an inllammatory disease of bacterial origin. 

In 1929 Fisher' described a histologic picture in atropliic artliritis in 
which there was perivascular rouiul cell infiltration. J’arljcr and Keefer'' have 
recently written an e.xeellcnt article on the j)athoh)gic changes in three ea.ses of 
atrophic arthritis in which they de.scribcd the microseopie picture in some regions 
as showing collections of round cells which were perivaseubir, as described by 
Fisher^ in 1929, and in other regions in which the focal collection of lymphocytes 
was not periva.scular, as described by AHi.son and (ihormley' in 1931. These 
authoi's failed to give clinical histories in two of these cases. Such a correlated 
study would have added to the value of their rci)ort. Jtoyd' states that the 
arteries in the surrounding ti.ssue of the diseased proee.s.s in atrophic arthritis 
often show an obliterating arteritis and tlci>o.sits of fibrin under the ciulothelium. 
This vascular change in atrophic arthritis is not mentioned in the other articles 
previously cited. 



Fis. 1. — A high-power photomicrograph through normal synovial membrane. Note the lining 
layer of eplthelial-like coll.s ami the ailjacent layer of connective tissue. 

The philosopher Friedrich Nictz.schc, who lived in the latter part of the 
nineteenth century, in his apophtliegins and interludes stated, “Everything 
absolute belongs to pathology.” And so it is. In a protean disease, such as 
atrophic arthritis, which is characterized clinically by remissions and e.xaeerba- 
tions, whose onset may be acute or may bo quite gradual ; which may attack 
the young, the middle aged, and the aged; which may deform in a very short 
time, or else may continue in a mild course for many years, one should find 
different gross and microscopic pathologic findings depending upon the time 
in which the disease was studied, perliaps the grade of the disease, and the 
duration of the disease in that particular individual. I liave taken case histories 
of various grades and durations of atrophic arthritis and correlated these .with 
the microscopic patholo.gic picture to be found in that particular ease. It is 
hoped from this unbiased report that the controversial issues of the pathologic 
picture of atrophic arthritis may be clarified to some extent. 
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CASK HKFOin’S 

Cask 1. — L. (!., a wliilo I'oniale, aged (jO years, was lirst seen oa April S, 1935. She 
CDinplaiiiLMl of painful, swollen siilf joinls. She hail not been ablu to get out of her bed 
for a period of .■•everal months duo to crippling becau.se of this condition. The onset of 
her joint trouble began in 1909, with p.ain nnd swelling of the pro.xinial interphalangcal 
joints of both hands. 'I'he condition had slowly progressed until it involved practically all 
the joints. There was a history of two severe linre-ups, one in 1993 tind one in 1933. During 



Fig. 2A — A low-power photoniicrograDh sliowlng a villous matte up of proliferative synovial tissue 

in advanced atrophic arthritis. 



Fie. 2B.—A high-power photomicrograph of tho « 

fibroblasts characteristic of the ‘^healed” or "burnt ^t"®?a°sTSfatropWc'^rthriUs'^®^ 

this period of thirtj'-oue years most joints of the hndv l.nri 

ing, and redness. The examination of the joints on A^iTTq^T 

in the finger joints, soft tissue swelling of the metacaruLlml.’ I'ttle motion 

the interossoi group of muscles, marked limitation of p,Laf tvasting of 

joints, and little motion in the shoulder joints CaV-fi ®“P'bation in the elbow 

olecranon bursa. Both the knee joints were swollen 
ness of the capsule. Thirty degrees flexion deformity p 

„„ .... .™,.» t'j 
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OTAtory exu.ninution revoulod u n,Io <,f 1.00 an.l a at-ative Wa.‘.H‘ru,aim te»t. 

rhe diagnosis ^yas advanoe.l atrophi.- arthritis. The pati.'iit tva.s treated witli borl re.st, moist 
1 at to the joints, massage, liigl, calorie diet, and lieinolytie .streptoeoceal vaecine. The 

o June 14 19 Jo Ihere wa.s marked increase in Huid in tl.e joint, ...xtensive 'arhoreseent 
lous grontli, and marked destnietion of the eartillage. .Mieroseopie sevtioms of the .synovial 
membrane removed Irom this joint are shown in Fi^s. iM and 'It. One is a low-poner 
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Figr. 3S.— A high-power photomicrograph of tiie same i 

than a perivascular round ce^f inn/tnuion “ round ceil ratlier 

and the other is a high-power photomieroo-ranli of ri,:„ ^• 

, . . ^ sui,,jnu,,rapii or tills tissue. Thes(> seetinns slinw nnrked 

increase in granulation tissue and areas of IiviHni,..f m. sections show niarktci 

increase in round cell infiltration. The higLower nhoZ’’ , 

increase in fibroblastic activity and the deSease in S ^ 

joint and guinea pig inoculation were negXe Ti e ' 1 ; Cultures from the 

i . , „ , „ 1 . „„a r 1- ihe pathologic picture in this case was 

typical of a chronic advanced atrophic arthritis Tim n.-.i. i 

1 u *1. -11 y .iiuiniis. ihe marked proliferation of synovial tissue, 

as evidenced by the villous growth and the replacement of ti.o • i v, . 

, I. Cl 1 * • A ''n*®ht ot the synovial tissue by fibroblasts 

and the relative absence of lymphocytes in the synovial membrane in this case represents 
the so-called “healed” type or “burnt out” case. ’ ^ 


^TKlN-UKlUi : l‘ATnOI.<)»5Y Ol-' ATU()1>HU: AUTIllUTIS 


^ I . I 17 I'jHir*! \v*’t*4 lir.st ju Fubruiu'y, 

c^s. X. U.. u .into Uu. ri«l.. iuu-0 of on. month 

ooniplniiuii!,' of I'niu uml Hwt f, • .liustolif So. Kxaiiiinutioii o! the right 

TU,. .»» 1 t:;! r,,„“ II j™,,,. ■|■|,..r. li.ll- «»»- 

kn« tevBilol ni.iWraliiin tlirooBk 1'“.' 

tntion in motion ‘>1 »>»•“ J"'"'; j of Ivmi.hoc.vtoH, a.s a.io'ribc.l by 

.....abrane revoat..! .ho ^utW-l ..oi' i.mroa.e in the luimber of 

Aili.sou una (buirm oy.- inoculation wore negative, 
caiiillarie.s (l-ig. ... )• , . .letlnitely reveals the ab-.-eiiee of iienva.sciilar 

The high-iKivver iihotomierogr.iiili ol i 

round eell inliltrntion (Fig- 



, a blood vessel of the synovial membrane In a case of 

Fig. •t-— .^j^fP*'°n°i"hy^pei^trophi^^^ complicated by essential hypertension and syphilis. 

r. c V — H B a white female, 54 years of age was first seen on July, 1933, com- 
C.tSE ... ■. f’l'^^vollen right knee of ten months’ duration. E.\-amination of the 

plaining of a P" ' of both joints. An x-ray examination revealed evidence 

joint revealed ^ evideneod by new bone production. The blood pressure was 

of lij-pertrop ne patient was a known syphilitic who had been treated for 

systolic 24 an ^p a„til one year before the present observation. Her last 

syphilis or^ niinus, 3 plus, 3 plus. A section through a blood vessel of the synovial 

AVas^rmann^ shown in photomicrograph Kg. 4. The marked increase in 

mem rane^o muscular wall may be due to the hypertension. The fibrinous exudate in 

thickness vessel may be due to the .syphilitic process. This case emphasizes the need 

^f^ wehited clinical and pathologic study before conclusions as to the exact pathology 
of atropliic arthritis are made. 


Case 4- S- ^ white female, aged 27 years, gave a history of one year’s duration 

of ainful swollen joints. The patient first noticed pain and swelling in the smaller articula- 
^ but this gradually progressed until most joints of the body had become involved. She 
had noticed definite flare-ups associated with upper respiratory infections. The physical 
examination revealed a ivell- developed, but poorly nourished, white female. Her tonsils had 
been removed, and the dental examination both on physical and by radiographic examina- 
tions were negative. The posterior pharynx appeared moderately injected. Vaginal examina- 
tion revealed the patient to be a virgin. Examination of the joints revealed the following; 
Marked limitation of motion of the right wrist and finger joints; a swollen, inflamed, and 
quite tender, right knee. Laboratory examination: Sedimentation rate on Xovember 30, 
1936, 1.10; serum calcium 11.3; serum phosphorus 4.5; AVassermann reaction negative. Throat 
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FJff. oA.—A low-powcr photomicrograph through the .synovial mcjubrane of case S.^r. showlnff 
both polymorphonuclear ami round cell InnUrailon. 
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Fig. 5S . — A high-power photomicrograpli through the same tissue sliowlng the "punilent” In- 
flammatory reaction characterized by the polymorplionuelear intlltration. 

There was also questionable narrowing of tho joint space. Both knees iiiul the left ankle 
were markedly swollen, and there was definite increase in local temperature on January J3, 
1938. The sedimentation rate at this examination was 1.53. The patient was treated at 
home by bed rest, hot baths, general massage, high calorie diet, and hemolytic streptococoal 
yflccine until November 14, 1938. She had shown marked clinical improvement during this 










flff. G.l. — A vury Iow-i)OWur jjliotomlcroKrapli 
moved from the left knee of ca.so S.M. Tlil.s shows 
layer, most pronounced near the surface. 


through the entire synovial membrane re- 
diffuse round cell Inflltratlon of the entire 



Fig. GB. 


•A high-power photomicrograph through the surface layer of case S 3L 
round cell Inflltratlon, 


showing marked 


Fig. 6C . — A high-power Photomicrograph throm-h 

diffuse round cell lnfl.t?at,on‘S?^ ‘ncVa^^e°d"‘n",5rar®^^^^^ 
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])t>nod. anil it was cli-onieil advisable to do a bilateral synoveeloiay. -V ri;tlit syiiovectoaiy 
was done on November 21, lii.'fs. I■'i^s. ."i and .l.l are seidions tiirnu^li the .-.yaovial ineailirane 
removed t'roin the ri<;iu knee dvirin<' ibis operation. I'i^. .■>.1 is a low-power photi)aiiv,rojtrapli, 
and Fijf. 5/> is a liij;h-])ouer photuaiiero^jrapli. Tlie most striking feature is tlio presence 
of polymorpliouuelear eells lIiriiu;j;bout tlie membrane. In tael, the synovial membrane is 
much fibrosed, and the inner layer .‘■howed a purulent inllammatory leaetion, a finding much 

more common in typical |>yoj;enie arthritis than in atrophic arthritis. Tlie jiatient made 

an uneventful recovery, and a synovectomy was done on the left knee on Deeeiidier 11, lO.'lS, 

Figs, d.l, tifi, (iC, and li/t are sections through the synovial membrane removed from this 

knee joint. Fig. H.l is a very low jiower jihotomii-rograph, and Figs. li/I and liC are high- 
powor photomicrographs. The inner surface of this .synovial membrane showed much lihrosii 
itnd very marked infiltration of the round ci-lls. This round cell inliltration wa.s difTuse. 
Fig. CC is a section tliroiigh the .synovial membrane removed from the left knee; it .shows 
definitely that the round cell infiltration is not perivasciihir. Fig. iU>, ;i very high-iiower 
photoiuierograph of another .section through the .stitne .sytiovitil layer, showed a blood ve.-.sel 
with definite perivascular roitttd cell inliilration. 



Fie. SD . — A very higii-powcf pliotomicroerapli taken tliiouelt anottier area ot tlie .synovial taem- 
bratie in case S.M. .sliowing periva.scular lotmcl coll inliltration. 


COJIJIEXT 

No specific niicropathology c.xists in clu-onic atropliic iu-tliritis. Tlie dis- 
ease is characterized by remissions and e.xaeerbiitions. It is iisliered in rather 
acutely in some cases and there is marked destruction of tlie joints in a com- 
paratively short period of time, while in otiiers the disease is more or less 
ciuiescent for a period of years. I have seen some ctises in which chronic atrophic 
arthritis has been present for thirty years with no resultant deformities in the 
joints. I have seen others in wliich the patient has been made a cripple in the 
relatively short space of six to eight moutlis. Perhaps it is tliis protean nature 
of the disease that accounts for the different pathologic pictures. It is hoped 
that the photomicrographs shown in tliis article demonstrate most of tlie 
changes that occur in the synovial layer in atrophic arthritis. The picture 
varies from one in which there is liolymorphonnelear infiltration (tliis section 
being obtained in a joint which was quite active at the time of operation) to 
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sections showin;^ rouiul cell inliltrution, imtii pci-ivasciilai- and nonperivascular. 
A ‘•burnt out” case sliowin;: tho process after many years of involvement, 
with little ronml cell iniiltration hut replacement of tlie synovial tissue by 
means of sear tissue, is slnnvn. ft must also be remembered that atrophic 
arthritis is butli a common and a chronic disease, and tliat, therefoi'C, othei* dis- 
eases may be associated with this condition and may tend to fjive a varied 
patholo:^ie picture. Conditions such as syphilis and hypertension, and other 
di-seased conditions, whicii may afteet (he blood vc.ssels of the body, must be 
remembered, since they must be ruled out before coneludin*' that the pathologic 
picture found in tlie synovial tissue is the one tliat is characteristic of atrophic 
arthritis. It is hoi)ed that correlated clinical and patliologic studies, even 
though they be a few cases, may ofl’cr much in tlie elucidation of the processes 
involved in atrophic arthritis. 
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SODIUII SULFAPYRIDINE MONOHYDEATE INTRAVENOUSLY IN 
THE TREATMENT OF LOBAR PNEUilONIA* 


Abel Levitt, M.D., F.A.C.P., Harold T. Schweitzer, M.D,, axd 
Kexxeth Goldsteix, M.D., Buffalo, N, Y. 


/^HEilOTHERAPl in the treatment of pneumonia has undergone consider- 
able change in recent years. As a result of the introduction of sulfapyridine 
in the treatment of the disease, the mortality rate has markedly declined In 
1939 we reported the results of treatment of 100 consecutive eases of lobar 
pneumonia by oral adminrstration of sulfapjTidine. Our mortality rate in that 
group was 3 per cent We obseiwed no serious reactions to the drug although 
there were some mild toxic manifestations. Occasionally the eondit on of the 
pneumonia patient is such that the oral use of this essential therapeutic a^t 

•Froin t)ie ilftlical Service ot the Edward t -xr 
of Buffalo school of .Medicine. Ldw..rd j. Meyer Memorial Hospital md th., tt • 
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was used intravenously in 25 cases in order to compare its eftect wiieii tiius given 
to the oral administration of sulfapyrkline. 

In this group of cases there were about an equal number of males and fe- 
males, between the ages of 20 and 70 years, the majority of them being under 
50 years of age. 

Table I indicates the duration of illness prior to admission to the hospital 
when treatment was instituted. 


taiii.e r 


Dck.vtiok of 1i.i..\ess Puioit to nosriT.vi.iZATios 


KO. OF DAYS 

KO. OF CASES 

PEi: CENT 

0-2 

17 

<iS 

0-5 

5 

20 

0-9 

4) 

s 

10-14 

(i 

0 

Above 2 weeks | 

1 

1 


It will be noted that aliout one-third of the i-ases ditl not enter the liospital 
until the third day or more after the onset of the disease. 

Sputum typing and blood cultures wore done on each ease, and results 
are recorded in Table II. 


t.vble H 


LAUoit.\TouY Stvdies 


TYPE OF 
I'NEUMOCOCCUS 

-NO. OF OASES 1 

JILOOI) crLTCKE 

HESULTS 

I 

1 

Positive 

Hecovered 

II 

0 

Positive in 1 case 

5 recovered 

1 died 

III 1 

O 

IVegtitive 

Recovered 

I'" 1 

(f 

Positive in 1 case 

Recovered 

VIII ! 

o 

ATogative 

Recovered 

Undetermined 

2 1 

Negative 

Recovered 

Xegativo 

9 i 

Nogat ive 

S recovered 

1 died 


This year there appeared to be quite a diversity in tlie pneumoeoecie types 
of pneumonia. Usually we find a more predominant type, but the virulence 
in each particular type varies considerably from time to time. Blood counts 
were done in each case daily. The majority of our cjuses had a leucoeytosis prior 
to the administration of the drug. In only rare instances did we use the drug 
when the white blood count Avas lc.ss than 10,000. 

Table III shows the blood counts before treatment. 


T.vble IU 
Blood Counts 


W.B.C. 

NO. OP CASES 

POLYS. 

XO. OF CASES 

0- 5,000 

0 

50- 00 

1 

5-10,000 

3 

eo- 70 

5 

10-20,000 

17 


G 

20-30,000 

4 

1 so- 90 1 

10 

30-40,000 

1 

1 90-100 

3 
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METHOD OF AD.MINISTKATION OF SODIU.M .SUI^FAFYRIDINE JIONOHYDRATK 

After tlie diagnosis of lobar pneumonia had been made and corroborated 
by x-raj% each patient was placed on a liciuid diet containing a minimum of 
three liters per day, made up of fruit juices and milk. If oral fluitls were not 
taken in sufficient quantity, we rc-sorled to parenteral administration of saline 
and glucose. The only other routine therapeutic agent used was an opiate if 
indicated for cough or sedation, and in some instances o.\-ygcn by nasal catheter. 
The latter, however, did not seem to relieve the cyanosis when present while this 
drug was being used. 

The sodium sulfapyridine was administered .slowly intravenoush', using a 
5 per cent solution (4 Gm. of the powder di.ssolved in SO c.c. of distilled water). 
Eighty cubic centimeters were given daily, and the blood was examined for 
per cent of sulfapyridine content at frequent intervals during the twenty- 
four hours. In rare instances the dose was repeated before the twenty-four hours 
were up in order to maintain a higher iilood level. We did not suiiplement this 
therapy with the oral use of the drug, since we desired to determine its eft'eet 
by the intravenous method only. 


Table V 


Reactio.vs 


UKACTIOX 

INTUAVfcr.VOL’S 

CASKS (7c) 

Olt-VL 

100 CASKS (9o) 

Nau.sea and emesis 

81 

17 

Cyanosis 

.•j2 

IS 

Headaclio 

3li 

None 

Delirium 

iti 

•1 

Jaundice 


None 


By this method of administration when a single dose was given daily, 
irrespective of size of the patient, the per cent of sulfapyridine in the blood 
shortly following injection (ten minutes) reached an average level of S mg. per 
cent and dropped about 20 per cent after an interval of one hour. Determina- 
tions at the end of four hours showed an additional 5 per cent drop. At the 
eighth hour there was an average decrease in sulfapyridine of 37.5 per cent. 
Eeeording of blood level for the drug at the end of twenty-four hours showed no 
appreciable change from the eight-hour level, the average being about 5 mg. per 
cent. Since it is advi.sable to maintain a blood level between 5 and 10 mg. per 
cent, it seems that the drug should be administered at least twice daily, and in 
some instances three times daily. With the above dosage the blood concentra- 
tion, as noted in Table IV, varies considerably in each patient, irresi)ective of 
age, sex, or weight. When using sulfapyridine orally, the dose used was 2 Gm. 
on admission, followed bj'" 1 Gm. every six hours and continued for three days 
following drop of temperature to normal. The blood concentration level on the 
average in twenty-foui houis, with use of the oral drug, was 3.93 mg. pei’ cent, 
while with the intravenous drug given once daily, it was about 5.6 mg. per cent. 
The duration of illne.ss following the intravenous administration of the drug 
varied somewhat. In about 40 per cent of the cases the temperature came down 
by lysis or crisis within forty-eight hours. In one- third of the group this oc- 
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eurrcd witliiu four days. The remainder varied belwen live and eight days, 
none move than eight days. This compared closely with the data obtained witli 
tlie oral use of the drug. 

Reactions were similar to those obtained when sult’apyridine was used orally. 
Nau-sca and emesis were present in a large group of our cases with the in- 
travenous use of the drug. Cyanosis was more marked, headache was present 
in a third of the group, jaundice (hemolytic) was observed in two cases (none 
in oral group), and a toxic hepatitis with regurgitant jaundice was noted in one 
case. ■ 

SUMMAttY AXD COXCLUSIOXS 

In this group of 25 cases we have had two deaths ; one was a senile patient 
with hyperthyroidism who died from heart failure; the other had type II pneu- 
monia and developed toxic hepatitis. Of significance in our group was a patient 
with an eight months’ pregnancy who was delivered and recovered. Another 
had an infected abortion; she developed pneumonia and recovered. One had 
malignant hypertension and uremia, recovered from the pneumonia, but died 
some weelvs later from his cardiovascular disease. We do not consider his death 
due to pneumonia. 

The intravenous use of sodium sulfapyridine monohydrate has no particular 
advantage over the oral use of sulfapyridine or sulfathiazole when the latter can 
he taken orally by the patient. In those patients who for some reason are unable 
to take the drug orally, tlie intravenous sodium sulfapyridine should be used in 
conjunction with pneumonia sera when indicated. Prom experience, one to two 
injections daily of 80 e.c. of 5 per cent solution are required to maintain a blood 
concentration of 5 to 10 mg. per cent. If laboratorj’- facilities are available, one 
could, by frequent blood examination, determine the exact frequency for tlie 
administration of the intravenous drug. 


REFEKENCK 


1. Levitt, Abel, Levy,_Dexter S., and Jaskiemez Stanley J.; Clinical Experience With 
Sulfapyridine in the Treatment of Lobar Pneumonia, New York State J. Med. 39- 
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THE AVERAGE I.ENGTII OE LIFE OF THE RED CORlH’GCJiE® 


Doxa (Javlku Gkaam, AAI., Ru.D., TkkrI': IlArTi;, Ind. 


I N THIS study an attempt, is made to add to tlie knowled.ije of the ever recur- 
rent problem of the lenjith of life of the reil corj)Uscle. Hunter (1SS4 and 
1SS7), and later Ashl)y (1919), liavc "iven a very frood brief history of early 
invesli"alions. Ashby (1919) also explains why, as yet, we eannot consider the 
I^roblem solved. Escobar and Baldwin (19:J4) add somewhat to these early in- 
vestigations. 


i\Iany chemists because they have iierfeeted accurate methods for bile pig- 
ment e.stimation feel that they can thus determine tlie numl)er of corpiuscles 
destroyed every day and hence the number made every day if tiieir number re- 
mains constant. Whi[)ple (1926) criticizes this view l)y pointing out that there 
are at least two unknown factors which eouhl seriously disturb these calculations. 
First, mu.scle hemoglobin certainly contributes to the amount of bile pigment. 
Second, hemoglobin set free in the circulation may be changed to bile ])igment 
and urobilin, or it may be used again in hemoglobin const met ion. itli.ss Ashby 
(1919) (1921)'-- has done the mo.st acceptable work .so far on this sub,ieet. 
She lias shown that the transfused eorj)u.seles live in a recipient’s blood stream 
for thirty days or more. The chief objections to aceejiting her results as far 
as the length of life of the corinuscles is concerned have been discussed by the 
othens. Wean and Warren'' point out that what may be the length of life 
of a transfused corpuscle may not be the length of life of a native corpuscle. 
Foreign cells, especially of a different blood group, which necessarily were 
used by 3[iss Ashby, may not be as sn.sceptihle as native cells to ordinary 
means of destruction. A second objection is made by Rous (1923) that the 
“foreign” protein of the stroma of the transfused corimsclcs may be utilized oyer 
and over again by the recipient and thus form corpuscles unlike the usual 
corpuscles of the recipient. 

Eaton and Dainren (1930)"’® explained a method for the estimation of 
the average length of life of the red corpuscle which has been verified only 
recently by kinsmen iloore and Harrison (1940). They considered the red 
blood corpuscles of the blood stream as a population. In a poijulation that re- 
mains constant, as many individuals die as are born, or vice versa. If in that 
population a catastrophe occurs which destroys one-third or one-fourth of the 
Ijopulation, immediately an increased number of blood corimseles, all approxi- 
mately the same age, is thrown into the blood stream. These new individuals 


“From a private clinical laboratoi-j'. Rose Dispensary Buildini;, Terre Haute, Ind. 

A preliminary report was made in a manuscript submitted as partial fulflllment of the 
requirements for the degree of Doctor ^ Philosophy in tlie Department of Physiology of tlie 
Graduate School at Indiana University. This article represents mucli subsequent work. 
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that resloi'C the i)oi)ularK)ii are called relieiiloeytes and eau l)e lollowod by nsin" 
a special teeimiciue (Hpohr, 1940). The new thing that Haton and Damren 
(19:30)'”" point out is the I’aet that in a population where there are .so many 
individuals oi! the .same age, lliese individuals linally arrive at that age, eor- 
responding to their average age; then a greater than the usual number die 
at the same time. This iutrava.seular lieinorrliage is siifiieienl to stimulate an- 
other noticea!)le reticulocyte i)i'oduetion. 'I'hey claim that the average length 
of life of the corpuscle is tiic length of lime between two successive peaks of 
reticulocyte production. The one objection to their conclusion is that the second 
peak of reticulocyte production woidd occur at an appropriafe distance after the 
death of a great number of corpuscles that had lived their average length of life 
and that had appeared in response to the initial hemorrhage. 


By making a daily total erythrocyte count along with the daily reticulocyte 
count, any unnsnal population of old corpuscles dying at one time will .show it- 
self in the drop in erythrocyte count. This “death drop’’ may amount to a.s 
much as a million per cubic millimeter of blood witliin a period of two days, 
as will be shown in the sulxsequeut description of my experiments upon the 
rabbit. That this sudden deatli of erythrocytes repre.sents tlie termination of 
the natural length of life of the reticulocytes born in response to the previous 
hemorrhage can scarcely he doubted. 

Definition of Reticulocytes. — Any mammalian red corpuscle showing a 
.stippling, tiny threads, or network light or heavy when stained with brilliant 
cresyl blue is called, in this paper, a retieulocyte. Key (1921) explains this 
basophilic substance in a rather complete manner. King (1928)’^ also gives 
a concise statement concerning the reticulocjTe and Cunningham (1920) de- 
scribes them rather Avell. 


Experimental Procedure. — ^Well-nourished rabbits, as determined by weight 
and red blood count of between six and seven millions and a high hemoglobin 
percentage, and of known age were kept under uniform conditions in the labora- 
tory. The food consisted of mixed ground grain in pellet form, alfalfa haj^ 
and crushed oate with some green food every day. 

A control period of several days, was run in the case of each rabbit to 
determine the normal variation in the percentage of reticulocytes, red corpuscles 
per cubic millimeter of blood, and in one ea.se the hemoglobin per cent. If an 
animal had more than 2.5 per cent, that animal was discarded. The drop of 
blood for the daily te.st was withdrami from the marginal ear vein by the punc- 
ture method, at approximately the same time each day and before the animal 
was fed. 


The blood for the hemorrhage was removed directly from the heart by means 
of a hypodermic needle and without the use of an anesthetic. An amount of 
blood estimated to be one-fourth to one-third of the total blood or about 1 *>5 
per cent of the body weight, wa.s nutlidrawn. The blood was withdranm slowly 
so Uvat the vasomotor system could compensate for its lo.ss. The animal was held 
.liuclly b.v the to t, period „f „„ or to, mi.mte after the hemorrha-e 

and tlicn pin liaoli m Ills Initcli and M and tvato-cd as tisual. 
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A period ol! i'orty-eight liours after heinorrliage \va.s allowed to pass before 
the dail}" tests were begun again, iilale rabbits only were used. 

Staininy Technique . — I am ijidebted to Dr. J. A. Badertseher for the 
method used in staining the retieuloeyles of mammalian blood. The method is 
simple, quick, and aeeurate and has not licen published. 

A drop of fresh blood is placed directly on a gla.ss microscope slide, taken 
from the ear of a rabbit or finger of a human being. A glass rod, on the end 
of which is deposited brilliant ere.syl blue stain,® is used to stir the blood until 
it is colored a uniformly greeni.sh blue. The edge of another microscope slide 
is then placed in the droplet of blue-colored blood. Suflieient time is allowed 
for the blood to flow along the edge of tiic touching surface of this latter slide. 
Then the blood on the edge of this latter or second glass slide is .s])read on to a 
third slide by pushing it along on the surface of the third slide in the usual way 
of making a blood smear. As many as eight or ten blood smears can be made on 
as many different glass slides from the one drop of stained blood, providing 
the edge of a clean slide is used every time for spreading the blood on other 
clean slides. 

As soon as the blood smear is made and before it is dry, it should be held 
in a moist chamber a few seconds. The mouth is a very good moist chamber, 
providing the breath is held while the .slide is in it. This i)ermits the corpiuscles 
to be e.\posed to a saturated stain longer than otherwise, and there is less distor- 
tion of the corpuscles. The moisture of the breath, if blown on the .slide, will 
cause hemolysis of the corpuscles. The smear dries in a minute or two after 
it is removed from the moist chamber and is then ready to be eountei-stained with 
Wright’s stain, mounted in bal-sain, and examined at any sulwcquent time. 

Counting . — In the determination of reticulocyte i)ereentage, the cells were 
counted by means of an ocular iMierometer Di.se. The total red blood cell count 
and the reticulocyte cell count for sueee.ssive squares were each determined. 
This was continued until a thousand or more cells had been counted and then 
the percentage of reticulocytes was estimated. 

In making the red blood corpuscle count for the total number of red 
corpuscles per cubic millimeter of blood, Trenner diluting pipettes and Levy- 
Hausser counting chambers were used. 


RESULTS 


Young Rabbit . — Table I and Fig. 1 present the results of an e.xperiment on 
a young rabbit of from six to seven months old. The experiment lasted twenty- 
nine days. The conditions of the blood were quite regular during the control 
period of six days. The average number of red blood corpuscles per cubic 
millimeter of blood remained constant near 6.4 million, and the hemoglobin esti- 
mate was 92 per cent. The reticulocyte percentage fluctuated only slightly, 
which fluctuation could reasonably be within experimental error. Tlie reticulo- 


»A saturated solution of brilliant cresyl blue, usingr 100 per cent alcoliol us u solvent is used. 
The tip of a Blass rod is dipped n the solution and the alcohol is burnecl off in the ilamo of an 
alcohol lamp. The glass rod is dipped three or four times until suiTicient dye is deposited on tlie 
glass rod. 
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cyte percentage averaged 2.4 per cent, whicli would make live actual number of 
reticiiloeytes present at any one lime, per cubic miiiimcter of blood, about 

153,600. ^ 

On the si.xth day of tSie experiment after the three blood tests mentioned 

aliove had been made, tlie animat was bled of an estimated one-fourth to one- 
third of its blood, or about 40 c.c. A period of forty-eight hours was allowed 
to elapse in order that the liQuids of the body could adjust themselves, and then 
the blood was studied again daily until the end of the experiment. On the eighth 
day of the experiment, two days after the hemorrhage, a marked change due to 
preheniorrhagic conditions was shown in the Wood when the red corpuscle count, 
reticulocyte percentage, and hemoglobin percentage were taken. The red 
corpuscle count had fallen to 4.1 million, the hemogloliin percentage to 56, and 
the percentage of reticulocytes had increased to 5.1. 
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Fiff- 1,— The per cent of reticulocytes, the total red corpuscle count, and the hemoglobin 
percentage were taken before and after a hemorrhage of 40 c.c. of blood, approximatelv one- 
fourth of its Wood. These were taken on the day of the hemorrhage and again after fortv-eieht 
hours. Three peaks of reticulocyte formation occurred on the 11th, 20th and 2Sth davs of f he 
experiment. The total red corpuscle count was lowest on the ISth and ’6th davs of the evnori 
ment The average length of life of the red corpuscles can be estimated by counting the divs 
between the lUb and iSth days a.nd between the 20th and 26th days. The averamf length of 
life of the red corpuscles was 6.o days. “ leutin oi 

The increase in reticulocytes was actual as well as relative. Although the 
erythrocyte number per cubic millimeter was less than two-thirds the pre- 
heiuorrhagic number, the actual number of reticulocytes per cubic millimeter was 
203,100 tast«.d of tho 153,600 art, .ally present at any one time in a onbie 
m, 11, meter of Mood duri„s the eontrol period. The expected drop in the number 
of e,y hroeyte.s, .£ one.t ,,,-d of the blood had been removed, rvould have been to 
4.3 million, and the actual mimber ivas appto.xin,ately 4.0 million. The per- 
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eentiige of i'eticulo(.'.vte.s gradually 'mc*imsed u]i to 9 pur ueiil im the elcvoiitli 
day oi' tlic experiment, and the wliolc cycle ol‘ reticulocyte formation la-sted until 
the seventeenth day of the exiieriment. Tlie actual numher of retieuloeytes 
present per cubic millimeter of blood at the jicak of their production was 450,000 
as compared to the 153,600 during the control perioil. The i)er cent of hemo- 
globin and the total number of erythrocytes reached normal levels nine days, 
sometimes ten, after hemorrhage on the one humlred ami forty-fifth or fifteenth 
day of the experiment, and fluctuated near that level, steadily working u])ward, 
iiowever, until the end of the experiment. 

T.uili: 1 


Youxo Rabbit No. 1 (Mai.k) 

Aged G-7 Mo. 'Weight 2,250 Gm. Bled -iO e.c. or Ono-Tliird of Blood 


DATE OF 
EXPERnrEXT 

DATE 

R.U.C. 

MILLION' PER 

n*. MM. OK 

DLUOD 

I*KIt CENT 

nHMO(;LouiN' 

TUTAI. 1‘EI.LS 

rorNTED 

t 

Tt/TAL 

lUmCULO- 
rVTK.S 1 

PER CENT OF 

RCTICULO- 

f'YTES 

1 

1932 

11/14 

0.4 


i 

1.100 1 

30 

2.5 

2 

11/15 

j ti,5 


i.:!02 

2.9 

o »> 

3 

11/lG 

0.4 

---- j 

1,231) 

.32 

2.5 

•1 

11/17 

0.3 

! 93.0 ! 

1.3 IG 

3l) 

2.G 

5 

11/lS 

0.4 

! 93.5 1 

1,340 

1,05G 

29 1 

o o 

G 

11/19 

! 0.5 

! 94.4 ! 

.30 

2.7 

7 

11/20 

i 

Bled 30 e. 

e. of blood 



S 

11/21 

4.1 

50.0 

1,0:!7 

58 

.5.1 


11/22 

4.G 

<>2.0 

1,209 

SO 

S7 1 

03) 

10 

11/23 

4.8 

<>9,ii 

1,1 ;;2 

7.0 

11 ' 

11/24 


70.0 

],0G3 

<i<) 

(9.0) 

12 

11/25 

3.G 

.84.0 

1,075 

75 

7.0 

5.0 

13 

11/20 

5.9 

SS.O 

1,052 

59 I 

14 

11/27 

5.9 

87.0 

1,122 

50 

4,5 

15 

11/28 

0.4 

93.0 

1,007 

28 

2.G 

IG 

11/29 

o.u 1 

99.0 

1,101 

.32 

2.9 

17 

11/30 

0.0 

99.0 

1,005 

20 

1.9 

IS 

12/ 1 

5.8 1 

95.0 j 

1,195 

31 

2.0 

19 

12/ 2 

0.3 

93.0 

1.299 

.39 

.3.0 

20 

12/ 3 

0.5 

99.0 

1,088 

.37 

(3.2) 

2.3 

21 

12/ 4 

0.7 

101.0 

1,237 

29 

QO 

12/ 5 

0.7 

i 

895 

14 

1.5 

23 

12/ G 

0.5 

100.0 

1,107 

15 

1..3 

24 

12/ 7 

7.3 

105.0 

985 

19 

1.9 

25 

12/ 8 

7.3 

90.5 ! 

I.ISG 

24 

1.7 

2G 

12/ 9 

(i.2 

9<i.0 

1,055 

20 

1.9 

27 

12/10 

0.5 

100.5 

1 ,220 

25 

2.0 

28 

12/11 

0.4 

92.0 

1,221 


(2.3) 

2.0 

29 

12/12 

0.7 

94.0 

1.027 

21 


The rate of retieuloejte production remained higher than during the 
control period until the number of erythrocytes and the per cent of hemoglobin 
were almost normal on the fourteenth or fifteenth day of the experiment. On 
the sixteenth day the erythrocyte number was actually above the control period. 
The reticulocyte curve continued to fall for two or three more days, fifteenth to 
seventeenth day. On the eighteenth and nineteenth days there was a rather 
sudden drop, which amounted to almost a million per cubic millimeter of blood 
in the number of erythrocytes. The hemoglobin curve followed the erythrocyte 
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curve, luoi'c or Ic.s-s, except (hat (lierc seemed (o 1)0 ii sligiit teiidoiioy ior tlie 
lieniO!i;lol)iu curve to la;^ behiiul (he crylhroeyle curve toward (lie cud of the cx- 
perimeut. 

The rapid fall in mtniber of erythrocytes on the seventeenth and eii'hteenth 
days was c(pial to a liemorrlia^e and can well be called an intravascular hemor- 
rhage, It was sufficiently severe to stimulate another wave of reticulocyte 
production. This peak of reticulocyte production wiis on the twentieth day. 
As a result, the erythrocyte number returned to normal and even went quite 
above normal, reaching a new peak on the twenty-fourth and twenty-fifth days. 
At the same time the reticulocytes fell below the normal production. The third 
slight peak of reticulocyte production on the twenty-eighth day can scarcely 
be regarded as a response to the drop in erythrocytes on the twenty-sixth day, 
since the total does not go below normal. Because the total red corpuscle count 
ran above normal, the per cent of reticulocytes was below normal. 


Table II 

Old Babbit No. 2 (JI.vle) 

Aged Yr. to 6 Yr. Old. Weight 3,300 6m. Bled 10 c.c. or Oue-Pourth of Blood 


D.VTE QP 
EXPERIilEXT 

DATE 

R.B.C. 

MILUOX PEK 

CC. MK. OP 

BLOOD 

TOTAL CELL 

CO0XTED 

1 

1932 
10/ 6 


993 

2 

10/ 7 

0.3 

1,054 

3 

10/ 8 

6.2 

1,059 

4 

10/ 9 

6.0 

1,137 

5 

10/10 

5.9 

977 

6 

10/11 

5.8 

1,510 

7 

10/12 

0.9 

835 

8 

10/13 



1,241 

9 

10/14 

........ 

1,088 

10 

10/15 


11 

10/16 




12 

10/17 

4.5 

1,112 

13 

10/18 

4.4 

1,053 

14 

10/19 

4.7 

1,008 

15 

10/20 

4.0 

1,079 

16 

10/21 

4.6 

1,074 

17 

10/22 

3.7 

949 

18 

10/23 

3.4 

1,123 

19 

10/24 

4.0 

1,339 

20 

10/25 

4.2 

1,110 

21 

10/26 

3.9 

971 

22 

10/27 

4.4 

1,083 

23 

10/28 

3.8 

1,198 

24 

10/29 

3.S 

1,046 

25 

10/30 


Died 


TOTAL 
KETICULOCVTESl 


Bled 35-10 c.c. of blood 


16 

18 

16 

29 

13 

29 

10 

17 

21 


38 

61 

42 

40 

33 

21 

23 

51 

52 


Abnormal erytlwocytes appear 37 
' 32 

37 
43 


PER CENT 
OP 

RETICULO- 

CYTES 


1.71 

1.70 

1.5 

1.7 

1.3+ 

1.9 

1.2 

1.3+ 

1.9 


3.4 

( 6 . 0 ) 

4.1 
3.8 

3.2 

2.2 
2^0 
3.8 

(4.6) 

3.8 

3.0 

3.0 

4.1 


The period of time between the greatest production of reticulocytes on the 
eleventh dag and the fall in the number of erythrocytes about the eighteenth 
dag must be regarded as the average length of life of the red corpuscle This 
period IS approximately seven days. It is also quite possible that the time be- 
tween the second peak of reticulocyte production at the nineteenth or twentieth 
days, and the fall in erytliroeyte number on the twentv-sixth dov 
s.„. tke „.e turn,. Here, too, the tih.e ie 
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Old liahhit . — An experiment similar to tlie above was performed on an 
old rabbit (Si/e to 6 years), the details of which are presented in l'’i{,L 2. The 
experiment covered a period of twenty-four days, at which time the animal died. 
This rabbit, although old, was in good condition until on or near tlie twenty-first 
day, tliree days before death, the rabbit showed signs of weakness and diarrliea, 
probably due to too large an amount of green food during the M'cakened period 
subsequent to hemorrhage. The retieulocytes stained more deeply at this time, 
and can be considered polychromatophiles. The imimrtant jiart of the experi- 
ment was completed before these symptoms appeared. 


f 



yurc 2. 


Old A/ 0.3- . 

tjAl d t o _ A^c 

> ffle^ yoc.c- 
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Fig. 2. — The per cent o( reticulocytes anti the total red corpuscle estimate were taken 
before and after a hemorrhage of 40 c.c. of blood, approximately one-fourth of its blood. Tliese 
were taken on the day before the day of the hemorrhage and again after seventy-two hours. 
Two days after the hemorrhage two peaks of reticulocyte formation occurred on tiie 13 th and 
90th days of the experiment. The total red corpuscle count was lowest on the 18th day of the 
experiment. The average length of life of the red corpuscles can be estimated by counting the 
days between the 13th day and the ISth day. Tiie average length of life of the red corpuscles 
was 5 days. 


The hemoglobin ivas not tested in this experiment, since it was not deemed 
necessary. The control period lasted nine days. The average number of erythro- 
cytes was six million, and the percentage of reticulocytes ivas 1.6 per cent. Tests 
were not made on the day of the hemorrhage, but they were made forty-eight 
hours later as well as on every subsequent day thereafter. On the tivelfth day 
of the experiment, forty-eight hours after hemorrhage, there ivas a drop in 
erythrocytes to 4.5 millions and a rise in reticulocytes both in percentage and in 
actual number per cubic millimeter of blood. 

The greatest percentage of reticulocytes occurred on the thirteenth day and 
the greatest destruction of erythrocytes occurred on the eighteenth day. The 
length of time between the peak of reticulocytes and the fall in the total number 
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Fig. 3 The per cent of reticulocytes and the total red corpuscle estimate were taken 

before and after a hemorrhage of approximately one-fourth of its blood. These were taken on 
the day of the hemorrhage and again after forty-eight hours. Two peaks of reticulocyte forma- 
tion occurred on the 10th and Ifith days of the experiment. The total red corpuscle count was 
lowest on the loth and 22nd days of the experiment The average length of life of the red 
corpuscles can be estimated fay counting the days between the 10th and the l5th days and be- 
tween the 16th and 22nd days, respectively. The average length of life of the red corpuscles was 
estimated as 5.5 days. 
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Fig. 4 . — The per cent of reticulocyte.^ and liie total red corrm<iclR - , 

before and after a hemorrhage of approximately one-fourtli of its blotal 

the day of the hemorrhage and again after torty-eiglU hours Two o" 
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red corpuscles was estimated as 5.5 days. a\erage length of Ufe of the 
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of corpuscles per cubic inilliiuctcr of blood was five days. This live-<iay period 
must be considered tlie average length of life of tlie ri'd corpuscles of an old 
rabbit. 

It -will be noticed that the number of erythrocytes never returned to the 
normal level after hcmorrha<;c. 

Middh-Atjed lidbbits . — The tables sho\vin<r data for these two rabbits were 
omitted to save space, but tbe data of these tables were used in eonstructinjj 
the two graphs, Figs. 3 and 4, as well as Table 111, wliere a comparison of all four 
rabbits was made. The average length of life of the coriuiselcs of each of these 
two rabbits was live to six days. 


T.mioe III 


CoxiPAiovTivE Study of Tot-U. Bt.oon Couxt axd IIctici-i.iii yte Pi:i:eKXT.\(:E or Fouu IJ.uuiiT.s 

OF Diffkuent Aoks 


RAllBIT 

K.a.C. 1*KU 
; cr. MM. OF 
i IlLOOU 

(('OXTIIOI, 

FFiiion) 

LOt'YTK 

I-ER- 

centage 

(CON’TKOI. 

i-Eiiioa) 

AVEItA{iE 

I.ENT.TH OF 

I.IFE OF ir.B.C. 

R.II.C. 

MAliE 

]:A(‘JI 

HAY 

I’Eli <T. 

MM. OF 

IM.OOU 

.\'0, OF i:ETirF- 

I.OCYTK.S Al'TL'- 

AI.EY I'KESENT 

AT ANY ON'E 

TIME FEi: CV. 
MM. OF ni.OOli 

(4’o.\ti:ol) 

liL’ICATIO.V 

OF 

liin'R’U- 

I.OCYTE 

STAGE 

Young rabbit 

No. 1 

Aged 0-7 nio. 

0,400,000 

2.4 

0-7 day.s 
■Vvg. 0.5 days 

0.81,015; 

153,000 

l\ !ir. 

'15 min. 

Aliddle-aged rabbit 
No. 3 

Aged sliglitly 
le.ss tiian 2 yr. 
(approx.) 

0,850,000 

2.3S) 

5-(> day.s 
-Vvg. 5.5 day.s 

1.215,151: 

103,715 

iir. 

10 min. 

Middle-aged rabbit 
No. 4 
.Aged 2 yr. 
(approx.) 

5,.S80,000 

2.03 

5-t! days 

Avg. 5.5 ilays 

1.009,000 

137,000 

5 hr. 

4 min. 

Old rabbit 

No. 2 

Aged otA-O yr. 

0,000,000 

1.0 

5 days 

1,200,000 

90,000 

1 hr. 

55 min. 


DISCUSSION COJII'ARISON 

The blood pictures of the young rabbit. Fig. 1, and the old rabbit, Fig. 2, 
were very similar during their respective control jieriods. The erythrocyte count 
of the young animal averaged 6.4 million, and tlie count of the old animal 
averaged 6 million. The reticulocyte jiercentage of the young rabbit averaged 
2.4 and that of the old rabbit was 1.6. An amount of blood ealenlatcd to be 
approximately one-fourth to one-third of the total blood volume was I’emovcd 
from each animal at the end of the control period. Forty-eight hours were 
allowed to elapse before the daily tests were begun again. 

The initial reticulocyte response of the young rabbit was greater and 
lasted over a longei period of time than that of the old rabbit, while the second 
peak of reticulocytes Avas highei in the old rabbit than in the voung one. The 
time between the leticuloc^te pe<iks for the young and old rabbits Avas nine 
and seven days, respeetiveljL The explanation of this difference may be that 
the young rabbit produces enough retieulocytes during the first response to 
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bi'iiig the iuunl)ei' oi’ erythnx'Vte.s Ixick lo iionnal level, while (he hemopoietic 
respoiiKC in tlie ease of the old animal was never snflieienl to restore the ori'^inal 
number of erythrocytes, b’nrthermore, more erythrocytes died at one time in the 
old animal and precipitated a higher second reticulocyte peak proportionately 
than in the ease of the young animal. 

On the ninth day after hemorrhage the young rabbit had its erythrocytes 
restored to a low normal, while, on the other hand, the old rabbit never returned 
to normal; in fact, it scarcely gained in number of erythrocytes at all. 

Although the reticulocyte production was not complete enough and the 
cycle was not long enough before the subscciuent intravascular hemorrhage oc- 
curred, due to a .short length of life of the corpuscles, the conclusion reached was 
that the animal’s red corpuscles decreased in number with each subsequent in- 
travascular hemorrhage. 

Seven days after the peak of reticulocytes in the young rabbit, there was a 
fall in total number of erythrocytes of approximately a million. In like manner 
five days after the peak of reticulocytes in the old rabbit, there was a fall in 
the total number of reticulocytes of a million or more. It cannot be doubted 
that the fall of a million in total number of erythrocytes in both animals on the 
eighteenth day of each experiment was due to an intravascular hemorrhage, a 
loss of erythrocytes born at the previous peak of reticulocyte formation. A 
second peak of reticulocytes, followed by an intravascular hemorrhage, was shouTX 
in the young rabbit. The period was between the nineteenth or twentieth days 
and the twenty -sixth day of the experiment. 

Since the period of seven days in the young animal and the period of five 
days in the old animal must represent the average length of life of the red 
corpuscles in the two animals, the conclusion would be that the erythrocyte 
lives longer in the blood stream of a young animal than it does in the blood 
stream of an old one. This conclusion is further borne out in the results from 
two middle-aged (2 years old) rabbits in which the average length of life of 
the corpuscles was 5.5 daj's (see Table III). 

The time between the hemorrhage and the first peak of retieulocjde response, 
five days and four days, respectively, in the young and old rabbits, was greater 
than the time between the intravascular hemorrhage and the suceeedino' reticulo- 
cyte response, two days each in young and old. The explanation, no” doubt, is 
that the intravascular hemorrhage did not involve loss of volume ; therefore fte 
time should be correspondingly decreased. Robertson and Boeh (1919)i^> « 
have shown that it is the reduced hemoglobin per unit of blood due to dilution of 
the blood after hemorrhage that is the stimulating factor in reticulocyte forma- 
tion. 


Knowing the total number of erythrocytes per cubic millimeter of blood 
and the percentage of reticulocytes, the actual number of reticulocytes per cubic 
millimeter of blood can be determined: 6,000,000 x 1.6 per cent == 96 000 
reticulocytes (see Table III, old rabbit). ’ 

Knowing the length of life of the red corpuscles, the number of corpuscles 
Tld rabbit) determined: 6,000,000 ^ 5 == 1,200,000 (see Table III, 
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Kno’win'^ the foi'eRoinp:, the retieiiloeyte pei'iuil eaii be deteriuiueil : 
1,200,000 4 - 96,000 = 1/12.5 of a day, or one liour and fifty-live ininute.s (see 
Table III, old rabbit). 

By similar calculation the retieiiloeyte stai'e in a young animal was found 
to last three hours and forty-five minufe.s. The comparative data are set out in 
Table III. 

Calculations made for the two other rabliits sliown in Table III are also 
tabulated. In iiractically every respect tlie lilood jiicture.s of tlie two, 2-year-old 
rabbits show conditions midway lietween the young and old rabbits. 

The ability of the rabbit to recover from liemorrhage is due to a combina- 
tion of the lengtli of life of the corpu.scle and of the numbi'r of corpuscles thrust 
into the blood stream in twenty-four liours. In tlie case of tlie young rabbit No. 
1 the recovery was rapid because the length of life of the corpuscle is long and 
the number of retieiiloeyte iiercenta.ge is high. The old rabbit No. 2 showed 
the other extreme, the retieiiloeyte percentage being low and the average length 
of life of the corpuscle short. It was unable to recover. Rabbits Nos. 3 and 4 
recovered easily because the reticulocyte percentage was high, although the 
length of life of the corpuscles was .somewhat shorter than in the ease of rabbit 
No. 1. 

Furthermore, the actual number of reticulocytes produced jicr cubic 
millimeter of blood every twenty-four hours was actually greater during the 
control period than that of the .voung rabbit ; e.g., the young rabbit produced 
984,615 reticulocytes per cubic millimeter of blood as compared to 1,200,000 
produced by the old rabbit per cubic millimeter of blood. 

CONl'I.rsiON.S .\ND Sl'MMAKY 

1. After hemorrhage the reticulocyte cycles follow one another at regular 
intervals of a few daj's. The .second reticulocyte cycle and each succeeding one 
is preceded by an intravascular hemorrhage in which corpuscles are destroyed 
but the volume of blood remains constant. 

2. The longest period noted between reticulocyte cycles was nine days in 
a young rabbit, and the shortest period was seven days in an old rabbit. 

3. The average length of life of the red corpuscle is equal to the period 
between the peak of a reticulocyte cycle and the end of the succeeding in- 
travascular hemorrhage. 

4. The average length of life of the red corpuscle of a rabbit varies in- 
versely with age — the younger the rabbit, the longer the corpuscles live. 

5. The average length of life of the red corpuscle varies from six to seven 
days in a young rabbit to five daj^ in an old rabbit. 

6. The extreme length of life of a red coriDiiscle maj’’ be much longer than 
the average life because many may be destroyed in ‘‘infancy” or in “early adult 
life.” 

7. The number of red corpuscles liberated into the blood stream each twenty- 
four horn's by a young rabbit was 984,615 per cubic millimeter of blood, and by 
an old rabbit, 1,200,000 per cubic millimeter of blood. 
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8. Tlie miiul)ei‘ ol! reticnilocyfcs present i)er cubic niillimcler ot blood was 
153,600 for a young rabbit, 96,000 for an old ral)l)it, and 1,245,451 and 1,069,000 
Cor two middle-aged ral)bits. 

9. TIio duration oC the reticulocyte stage was approximately four liours in 
a young rabbit and two liour.s in an old rabbit. The reticulocyte stage in tlie 
two other rabbits, aged 2 years, was about midway between tliat of the old and 
young animals; namely, 3 Iiours 10 minutes, and 3 liours 4 minutes, respectively. 

10. xVn accurate picture of tlm activity of the red bone marrow can be 
obtained if the number of red corpuscles per cubic millimeter of blood, the 
average length of life of the red corpuscles, the per cent of reticulocytes present 
in the blood, and the duration of the reticulocyte stage of the red corpuscle are 
known. 

I take ttiLs opportunity to tliank Dr. William Moenkhai's and Dr. Paul Harmon, of the 
Physiology Department of Indiana Medical School, for help and encouragement. 
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THE EFFECT OF LOWERED TE.AIPEHATUEl'LS UPON THE GROWTH 
OF THE FIBROBLAST IN VITRO : ITS Al’PIACATlON 
TO WOUND II E A LING “ 


JIaCHTEUD E. SaNO, il.])., AXD Lawuence W. S-mith, ,M,D, 
PllIEAUEU’IlIA, Pa, 


TN THE course of tissue culture studies relatiii;! to tlie growtii of embryonal 
* and cancer cells under the inlluence of varyinj' leinperatures,t the liehavior 
of the fibroblast has been so outstamlin'i that it merits se^jarate consideration. 
The vital iinijortanee of the role of tliis cell in wound healiny: and rej)air ])roe- 
esses in general makes our undei’standing ol its unusual resistance to cold and 
its adaptability to unfavoi'able environmental circumstances of especial sig- 
nificance. 

At body temperature (37° C.) and under ideal eulture conditions, in re- 
spect to material and media, the fibi’oblast multi])lics rapidly and produces 
large, elongated, healthy appearing cells, with obvious coai'se fibroglia fibers. 
It is not nece.ssarj to go into great detail regarding this a.s])ect of the jjroblem, 
as the behavior of the fibroblast under such circumstances has been thoroughly 
iu\estigated bj luauj competent observers.’' Jjike these other investigators 
we have found that the rate of such normal growth is not maintained for any 
considerable period in vitro unle.s.s the eultiu'e.s are li'ansphmted at fre(iuen't 
intervals. Otherwise the cells revert to what might be tei'jned a -'resting” or 
resistant phase, not unlike the eneystment stage of certain parasites, onlv to 
grow again at a normal rate after a brief lag period when transferred to fresh 
media. 

The resistance to lowered temperatures of the fibroblast is very marked. 
Initial congelation at 0° C. for as long as sixty hours docs not significantly alter 
the growth capacity of these cells when the cultures are subsequently phieed in 
the incubator at 37° C., other than for the usual lag noted prcviouslv in the 
tumor cell cultures. Nor is any inherent ditlercnce in the growth noted in 
parallel cultures with the temperature lowered gradually from an initial 37° 
C., as compared with those started off at the correspondm-r lower levels 

At 30” C. obviotis tliltcrenccs i„ ll„. f,„„, 

those Biwii at 3, C. are seen. The cells are smaller both iu respect to the 
size ot the .mcleus and the amount ol eytoplnsm. This deereaso iu size is 
especially pronimeiU m respect to the length of the eoll, the whole cell appear- 
ing mo re compact and sturdy, with ovoid rather tliau spindled nuclei. 
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At 25° to 26° C. the fibroblasts arc seareely a third the size ot those grown 
at 37° C. and show only little intereellnlar siibstanee. Instead of migrating 
freely and extending in long fingerlike projections from the mother colony, they 
are arranged in almost solid radiating jihalanx fashion, several cells deep, aionnd 
the original explant. The cytoplasmic and nuclear detail is well defined in both 
unstained and vitally stained specimens. 



Fiff. 1. — Normal mouse lympU node at 37° C. Approximate magnification. X150. 


At 20° C. the rate of growth is still further retarded. Six or seven days 
elapse before the first evidence of new cell formation can be made out. At 
this temperature level the cells are likewise still further diminished in size, 
searcety a fifth that of those grown at 37° C. They are very short and stubby 
in appearance, almost round or polyhedral rather than ovoid or spindled. As 
they slowly increase in numbers they occur in small sheets at the edge of the 
original inoculum, but it takes several weelvs for this to occur. 

At the 24° to 26° C. temperature levels the cells are far more resistant to 
environmental factors. This may be accounted for in several ways. Owing 
to their more compact arrangement they are less readily damaged physically 
by washing and changing their media. Owing to their slower rate of grovTh they 
survive in the original medium for a much longer period of time than the larger 
more rapidly growing fibroblasts at 37° C. This is undoubtedly due in part to 
their lower nutritional requirements, but also to the reduction in the metabolism 
of the cells, with a corresponding reduction in the concentration of the products 
of metabolism in the medium. This latter feature has been stressed by many 
writers, as well as ourselves in other communications, as being one of the very 
important factors which interfere with tumor cell culture. As part of this 
slowed metabolism the usual regressive degenerative changes of the cytoplasm of 
cells grown “in vitro” are obviously retarded, which in turn fits in with the 
previous comments in helping to explain the increased resistance of these cells 
to lowered temperatures. 

We believe that these observations are well established and mi«rht be ex 
pressed almost mathematically because of their constancy in the case of literally 
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hundreds of such tissue explauts. There is ii direct proportional relationship 
not only betu'ceu the temperature and the rate of cell "rowth, hut also in respect 
to temperature and the size of the cell, its degree of differentiation, its metabolic 
activity, and its resistance to environmental circumstance. On the basis of these 
studies a temperature range of 25° to 30° C. \vould seem to he optimal in respect 
to wound healing. Under such circumstances one logically might c.xpect that 
the healing process would be somewhat slower than at body temperature, but 
that the amount of collagen production, with its .sui)sc(iuent ugly contraction 
and scar formation, would be reduced apiircciably. 

That this optimal reaction actually does occur clinically was siiown by 
Smith and Fay*- incidentally in tlieir early studies concerning the effect of 
hypothermy on cancer cell growth. In one ease, e.spe(‘ially, of e.xtensivc ul- 
cerative breast carcinoma treated by continuous local hypothermy for nearly 
six months, not only did the tumor disappear, but the ulcerated surface healed 
over completely with .soft sear tissue having the consistency of normal skin. 
Histologic study of biopsy material from this and numerous other cases con- 
firmed the clinical impression. Tlie tis.sues .showed a connective tissue relatively 
rich in nuclei and with a minimum of den.se collagen formation. 



Fig. 2.— Normal mouse lymph node at 30“ C. Appro.xlmate maBnldcation. X150. 

The recent Avork of Allen' and his associates in the healing of diabetic and 
traumatic amputation stumps under the iutluenee of cold is another illustration 
of the clinical application of this principle. In almost every instanee healing 
by first intention resulted, and Avitli a minimum of scar production. The repair 
process, as might be expected, Avas ejuite regularly delayed, rei^uiriiig three to 
four Aveeks instead of the usual ten days to tAvo AA^eek.s. On the other hand, the 
Avounds did not bieak doAvn, and the stumps presented a much more satisfactorA' 
end result for subsequent artificial limb appliances. As part of the mechanism 
involved in the use of hypothermy for such Avoimd repair, it should be noted 
that the external temperatures employed (5° to 10° C.) are bacteriostatic, and 
thus the danger of secondary infection is almost eliminated. It should be 
further mentioned that actual freezing must be avoided, and that the penetra- 
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tiou of the cold into the deeper (issues iroiii local external application drops off 
with almost algebraic progression, so that the desired levels oi‘ 20° to 25 C. aie 
actually present in tJio deeper tissues of (lie. wound where the connective tissue 
repair process is going on. 

On the basis of such clinical observations and the confirmatory laboratory 


evidence of the behavior of the fibrobla-st at these lower temperatures, the more 
widespread use of hypothermy in wound healing would seem to be warranted. 
Its application in plastic surgery, of the cosmetic type i)articularly, comes to 
mind immediately. The possible prevention of keloid formation is another field 
which might profitably be explored. Its place in clearing up old o.steom 3 'eIitfs 
lesions might likewise be investigated. 




30“ c. 


c. 


Fig”. 3. — Schematic representation of ftbroblastic proliferation at A, 37 C. and B, 30 C. 
Note the smaller size, compactness, and diminished intercellular products at the lower tempera- 
ture. 


It is of interest that these various tissue culture studies and clinical ob- 
servations of ours are indireetl.v confirmatory of the fundamental work of 
Bnrrows‘‘ on wound healing, although the approach to the problem is from a 
who]]}" different angle. Bur-row-s noted that the growth of the fibroblast in 
his experimental wounds at bodj' temperature was most profuse in the central 
areas which were less well vascularized than in the periphery of the lesion. 
He advanced the hypothesis that the fibroblasts grow better when they are 
closely packed together so that certain metabolic products of oxidation accumu- 
late in optimal amounts, through their inability to be absorbed and carried away 
by an inadequate blood supply. By corollary he comments that if the wound is 
washed too frequently, the rate of growth of the fibroblasts is likewise reduced, 
and healing is thereby delayed and less satisfactory. 

In our own studies the reduction of temperature to 25° or 30° C. gives us 
similar optimal conditions for satisfactory wound healing. The cells are grow- 
ing vigorously ; they are closely packed and the circulation is slowed. Thus the 
products of metabolism are in close contact with the cells, and remain so, through 
the inability of the slowed blood stream to carry them away. In addition these 
temperatures are bacteriostatic to a very considerable degree and aid materially 
in checking any infection which might be present (Pig. 3 ) . 

Finally, there is a definite relationship between epithelialization and fibro- 
blastic proliferation in a wound. When the surface becomes covered with epithe' 
Hum, the stimulu.s to fibroblastic proliferation i.s lost. If this epithelialization 
is accomplished too rapidly, the underlying granulation ti.ssue tends to unffer^m 
regressive changes, the collagen contracts, and we have a depressed secondarily 
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eoutracted scar. If, on tlie other liand, the repair ])rocess is slower, the con- 
nective tissue is adeiiuate in amount, compactly arranged, with relatively little 
collagen, and the final scar is minimal Avith little or no retraction. From our ob- 
servations all of these prcreciuisites for good wound healing seem to be realized 
by temperatures between 25° and 30° C. 

SUMJIARY 

The behavior of the fibroblast in tissue culture at varying temperatures 
ranging from 0° to 37° C. is recorded. An optimal level of around 25° C. is 
suggested as of practical value in wound healing. 

Clinical observations of the use of hypothermy in various fields, including 
a review of some of the more recent literature, are i)rc.sentcd. 

A plea for the wider use of local hyi)olhermy in various clinical problems 
relating to wound heating is made. 
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AN UNUSUAL IMVAVE IN GUEST LEAD OF, FOLLOWING 
SPONTANEOUS PNEUUOTIiOKAX® 


S. D. Buino.v, M.D., axd J. S. MiiiiMrAx, aI.D. 
Chicago, III. 


A lthough it i.s well recognized now that changes in the position of the 
L. heart will alter the electrocardiograni, little work ha.s been done to illu.s- 
trate the.se changes in the chest leads. Recently we have had the occasion to 
follow the changes in the electrocardiogram caused by a .spontaneous pneumo- 
thorax which occurred in a patient who had an abnormal electrocardiogram due 
to congenital heart disease. The electrocardiographic changes were correlated 
with changes in position of the heart as the pneumothorax appeared and then 
resolved. A control record was available before the pneumothorax developed, 
and serial electrocardiograms were taken during the course of the patient’s 
illness. 

A striking alteration in the P-wave of chest Lead CP, was especially noted. 
The changes in this P-wave were similar to, but more marked, than those re- 
ported by Gertz^ from this department. This record serves to emphasize again 
that such P-wave changes are suggestive of a position change of the heart. 

CASE REPORT 

The patient was a 19-3'ear-old white male, who entered Michael Reese 
Hospital on the service of Dr. W. A. Brams on Nov. 12, 1939, complaining of 
cough and pain in the chest of one day’s duration. He was known to have had 
heart disease since birth, and his activities had always been restricted. He had 
been followed in the out-patient clinic. 

On the morning of admission he was awakened by pain in his right ch&st 
and a nonproductive cough. On two occasions following a paroxysm of coughing, 
he became dyspneic and penspired profasely. There was no precordial pain or 
hemoptysis. 

His past medical history revealed the presence of cyanosis since birth 
pneumonia at the age of 5, measl&s, and chickenpox. One brother had rheumatic 
heart disease. Three other siblings, his mother and father, were aU alive and 
well. He had had a seiie.s of electrocardiograms taken before this episode one 
of which is shown in Pig. lA. 

On admission he had a temperature of 99° P., a pulse rate of 120 and a 
respira tory rate of 28 per minute. The blood pressure was systolic 96 and 

-"<1 ‘he Department of AXedlcine. Miehael Ree.se 
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diastolic 70. The patient was underdeveloped and (inn. Ilis skin was cyanotic. 
He was slightly dyspneie even with the hack rest elevated at a 60 degree angle. 
There were no petechiae visible. The right heniithora.v ai)peared larger than 
the left, and it moved less with respiration. Tactile fremitus was diminished, 
and the percussion note was hyf)ezTc.sonant over the entire riglif side of the chest. 
Breath .sounds were absent, except for a small area of bronchial breathing 
beneath the clavicle. The jzulmoiiaiy findings on the left side were noi'inal. The 
a])ex beat was diffusely palpalzle in the fourlli, fiftli, ami sixth left intercostal 
spaces as far laterally as the anterior axillary line. There was no cardiac dull- 
ne.ss to the right of the sternum. The heart rhythm was regular, and the tones 
were loud. There was an accentuation of the fiist sound at the ajzex. No mur- 
murs were audible at the time of this examination. The abdomen was negative. 
There was a moderate left thoracic kyphoscoliosis, flubbing of the lingers and 
toes was marked. The diagnosis was congenital heart disease and right sjzon- 
taneous pneumothorax. 

An electrocardiogram was taken at this time (Fig. Mi). A teleoroentgen- 
ogram also taken on the day of adiuLssion showed a right [zneumothorax with 
almost complete collapse of the upper and middle lobes against the mediastinum. 
The right lower lobe appeared SO to 90 per cent collapsed. There was a slight 
upper dorsal scoliosis so that it was dillicult to determine whether there was a 
shift of the heart or mediastinum to the left. 

On Nov. 13, 1939, the venous pre.ssure was 6.8 cm. of water, the circulation 
time (arm to tongue) by the calcium gluconate method was 15.5 seconds, and 
the vital capacity was 1,300 c.e. The intraizleural pressure on the right side 
varied between 0 and ■t 4.0 cm. of water on ((iiiet respiration. After 1,000 c.c. 
of air were aspirated from the right chest, the foregoing determinations were 
repeated. The vital capacity rose to 1,600 c.c., and the intrapleural pre.ssuro 
varied from -6.0 cm. to 0 cm. of watez- dzzrizzg z-cspii-atioiz. Electrocardiograms 
were taken before and after aspiration of the air azid are showzz in Fig. 2, A 
azid B. After aspiration Lead CT'\. was recorded with the patient izi three dif- 
ferent positiozis: (1) .sitting up, (2) left hitez-al, and (3) right lateral (Pig. 3). 

A chest film twelve houi-s after the :i.si)iz-ation of the air showed little change 
in the findings. Blood studies revealed an intense secondaz-y polycythemia with 
a red blood cell count of 6,720,000, hemoglobizi, 24.0 Ozn. per 100 c.c. of blood, 
voluzne index of 1.1, color index 1.05 and a hematocrit of 71 per eezit. Flu- 
oroscojzic exazniziatiozi ozi Noveziiber IS showed a pei’sistczice of the pzzeuzuo- 
thorax, with an almost total collapse of all three lobes of the right luzig. The 
heart was slightly deviated to the left, with a rounded cozitour of its left border. 
The right ventricle was moderately enlarged izi the right oblique. There wzis zzo 
left auricular or ventricular enlargement. The aortic knob was hardly visible. 

The patiezit s couise izz the hospitizl was uzicvezztful. Flizoi'o.scopv ozi 
Noveznber 25, thirteen days after adznission, showed 60 to 70 per cent collapse 
of the right lung still present. iVnother electrocardiogram was taken at this 
time (Pig. 1C). On December 4, twezity-two days after adznissiozi, 50 per cezit 
collapse was observed on fluoroscopic exazniziatiozi. One week later almost all 
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pliysieal signs ol' pneumothorax had disappeared. A loud systolic miirniur at 
the apex transmitted toward the base was now audible. Ihe remainder oi' the 
physical findings were uuehaugcd. The iiossibilily of a patent interventiiculai 
septum, moderate overriding of the aorta to the right ventricle, and narrowing 
of the infundibulum of the pulmonary artery were considered as the anatomic 
defects. 
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Fig. 1. — Effect of pneumothorax and its spontaneous resolution on the electrocardiogram. 
Segment A, control record taken on Jan. 9. 1939. Segment B, record taken on Nov. 13, 1939 
after a spontaneous right pneumothorax. (Note the deeply inverted P-wave in Lead CPj.) Segt 
ment C. record taken on Nov. 25. 1939, when the right lung was 60 to 70 per cent collapsed 
Segment D, record taken on April 6, 1940, when all evidence of the pneumothorax had disap- 
peared. See text for discussion. 


The patient was discharged on December 12, thirty days after admission, 
much improved. Further observations were made in the out-patient department. 
A teleoroentgenogram was taken on Feb. 3, 1940, and showed no evidence of a 
pneumothorax. A final electrocardiogram was taken on April 6, 1940 (Fig. ID) 
His course since discharge has been essentially similar to that before the pneu- 
mothorax. 

DLSCUSSION 

Examination of Fig. 1 shows the effect of the pneumothorax upon the 
electrocardiogram. Record A, the control, is abnormal, showing a right ventricu- 
lar preponderance and peaked P-waves in the limb leads. Following the pnenmo" 
thorax (segment B), marked changes in the S-T segment and T-wave were 
produced, and there was an increase in the axis deviation to the ri-^ht The 
most striking changes occurred, however, in the P-waves, and especially the 
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P-\STive ill Lead Cl''..; tliis deflection coii-sislcd of a deeply iiiveeled wave 14 inin. 
in amplitude, preceded liy a liny preliminary npri^lit plia.se. With jiartial 
resolution of the pneumolhorax, .sefimeiit C. the elect roeardio;i:ram tended to 
revert toward its previous aiipearanee and I’-wave ehaim'es oeeiirred in all lead.s. 
The P-wave in CF.^ was still larjie. hut it had hecomc' diphasic with the timt 
phase up. The record, .se.mncnt D, taken after all evidence of the jmemno- 
thorax had disappeared is fairly similar to the control record taken hefore the 



F1&. 2. Effect of iclc.tsc of i)iicinii()tlior;i\ on llio ^..trniont A. 

control record , (compare with segment B. Fig. 1). .^egm..nt li. reamo I Uonii k 
1,000 c.c. of air had been witlidrawn from the right pleural eavltv. Note the" lecrease' in the 
right axis deviation and the marked change in the K-ivave In Lead dl'N ueeiea.e 


pneumothorax developed. It is, therefore, pioper to ascribe the electro- 
cardiographic alterations in this ca.se to the pneumothorax. This statement is 
further supported by comparing the similarity in the changes which occurred 
immediately following the withdrawal of 1,000 c.c. of ah- from the chest 
(Fig. 2) and the more gradual changes illustrated in Fig. 1 {B, C, and B) 
as the process resolved spontaneously. 

The P-wave in Lead CP, in these figures, although larger in amplitude, is 
similar to the one described by Gertz.^ It is the type of deflection obtained by 



BUllTOX-JllUILSIAX : 


P-\VAVE IX CIIIiST LICAU CFo 


469 


■\ViLsoii, ]\raeleocl, and Barker- and ollicrs wlieii a imii)olar lead witli one 
electrode connceled directly to tlie auricle is ai)plied. lIo\vever, the phase 
relations of the P-wave in this ease and in that of the authors .iust nieutioned arc 
mirror images because the lead connections to the galvanometer were reversed. 


A 


B 


C 


Fiff. 3. — Records showing effect of postural changes in the electrocardiographic contour of 
the chest L.€ad CF 3 in tliis patient wiien the pneumothorax was present. Segment A, patient 
sitting upright Segment B. patient in the left lateral recumbent position. Segment C, patient 
in the right iateral recumbent position. (Note the marked P-wave changes and the variations 
of the P-wave with respiration in segment C.) 

The P-wave changes in this case must be ascribed to a displacement of the 
heart, such that the auricle comes to lie beneath the chest electrode. When the 
pneumothorax was at a maximum, viz., in Pig. IB and Pig. 2A, the appearance of 
the P-wave suggests that the part of the auricle in which the pacemaker of the 
heart is located was lying close to the chest electrode. Such records, or rather 
their inverted images, because of the reversed electrode connections, have been 
obtained with unipolar leads in the neighborhood of the sinus node. In order 
for these P-wave ehanges to occur, it must be presupposed that the heart is 
pushed over laterally, ventrally, and eaudally, and that it is also rotated in 
a countercloekAvise direction when viewed from above. Counterclockudse rota- 
tion causes a deviation of the electrical axis to the right (Katz and Eobinow^) ; 
this was observed in our ease. 

With resorption of the pneumothorax, the displacement of the heart was 
less marked. Hence the region of the sinus node became farther removed from 
the chest electrode, and at this stage a P-wave with more nearly equal phases 
was recorded (Pigs. 1C and 2B). 

As might be expected, the lieart in a chest with a partial pneumothorax is 
more mobile than normal. This is shown by the changes in the contour of the 
electrocardiogram in Fig. 3 when the body posture was altered. In addition 
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the respiratory variation in the P-wave contour was greatest wlien the patient 
was in tlie riglit lateral position Avith lii.s heart supported Iron) below by the 
collapsed lung and the pneumothorax (Fig. ‘SC). These .shifts in the heart’s 
position alter the relation of the heart to the good and iioor electrical eonduetors 
in contact Avith its surface and lead to tlie variations in the electrical field. 
It has been shoAvn that the eonduetors surrounding the heart vary in their ability 
to conduct the electric currents generated by the heart and that alterations in 
these contacts affect the electrocardiogram (Katz and Korey;^ Lindner and 
Katz®). 

The vicAV presented by G'ertz' is thus confirmed and amplified : namely, that 
peculiar large P-Avaves in the chest Lead Cl<\ may be a sign of cardiac dis- 
placement in Avhieh the right auricle is brought into close proximity Avith the 
chest electrode. 

SUM.AIARV 


A case is presented shoAving an unusual and deejAly inverted P-Avave of 14 
mm. in Lead CF„. This P-Avave Avas produced l)y cardiac displacement, result- 
ing from a spontaneous pneumothorax Avhich brought the right auricle ijito 
close apposition to the anterior chest Avail. The contour of the P-Avave Avas such 
as to suggest that the part of the auricle beneath tlie chest contained the pace- 
maker, the sinus node. As the imeumothorax Avas I'clievcd, the large P-Avave 
became diphasic, suggesting the ai)po.sition of otlicr jAarts of the auricle to the 
anterior chest Avail. Finally, as further re.solution of tlie pneumothorax pro- 
gre.ssed, the P-avra'c returned to its smaller and more nearly normal ajijiearanee, 
Avhieh existed before the pneumothorax occurred. During the period of pneumo- 
thorax, the changes in the P-Avave Avith change in body posture indicated greater 
than normal mobility of the heart. 

AA'u are grateful to Dr. D. N. Katz, at who.-e .'^ugge.stion tlii.-i .'■tuily w.-i.h iimlcrtuken for Ills 
advice and guidance. 
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PLASMA ALBU;\IIN, GLOBULIN, AND FIBRINOGEN IN HEALTf[Y 
INDIVIDUALS FROM BIRTH TO ADULTHOOD^ 
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ViKGixu Trevouuow, Ph.D., ^Lvugaret Kasek, Ph.D., Jeax Patox Patterson, 
j\I.S., AND Robert il. Hill, Ph.D. 

Denver, Colo. 


T he literature records several studies of the plasma proteins in “normal” 
individuals. These values are not wholly adequate, since most of the stud- 
ies have been made upon small groups of persons, chiefly adults, whose state of 
health in many eases is open to question. There is a great paucity of data with 
respect to plasma protein values in infancy and early childhood. In addition 
to this lack of adequate material, the existing studies have been based upon 
different methods of analysis -which do not give comparable results. The many 
and varied functions attributed to the different protein fractions of the blood 
plasma have made it increasingly important that a quantitative study be under- 
taken to determine the amount of albumin, globulin, and fibrinogen present in 
the blood of healthy individuals. Such a study also furnishes the necessai’y 
foundation for the interpretation of findings in pathologic conditions. We have 
determined the concentration of the protein fractions in the plasma of 547 
healthy persons by means of a salting-out separation of the different proteins, 
followed by Kjeldahl analysis. The details of our analytical procedure have 
been given in a previous publication.^ 

n.\TERI.U. USED 

The subjects for this study were obtained from various sources. A few of 
the children were personal friends of ours, or children of the Child Research 
Council. The majority of the babies and younger children were from ma- 
ternity hospitals or Homes at which they received regular medical supervision 
and in which the dietary was considered to be adequate. The adolescents were 
students at West Denver High School and were examined and questioned by a 
physician and one of us when the blood was taken. The adults were medical 
students and laboratory workers. In every case an attempt was made to rule 
out those who might present a clinical or subelmieal variation in any of the 
Protein fractions as a result of recent immunization, malnutrition, dehydration, 

•From the Child Research Council and the • x 

Colorado School o£ Medicine. Denver, Department of Biochemistry, University of 
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c-hronic or acute disease, or recent injury. Samples were not taken Irom per- 
sons presenting a history of mild illne-ss within the i)recedin- two weeks, or of 
immunization, severe infeetion, or eonla^don witldn the precedin- three months. 
With two exceptions, the subjects under oiie year of aiie were all considered to 
have been full-term babies. Two babies, one 3 months old and the other G months 
old when the blood was taken, were prol)ably premature at birth. A few per- 
sons who had minor injuries, such as blisters or seratclu's of the liands oi ieet, 
were included. A Wassermann test was done on the serum of each child from 
' the institutions, and those few with a positive test have been omitted from the 
present study. The majority of the children liad also been tested with tuberculin 
at regular intervals while in the Homes. A few (eight) positive tests were 
obtained, but inasmuch as the.se showed no clinical or x-ray evidence for active 
tuberculosis, they have been included. 

It is conceivable that each disea.se to which a c-liild becomes immunized might 
leave a permanent record of some inercasi- in the total plasma globulin, since 
the antibodies are found in this fraction. Comiilete liistories were not available 
on the persons of this study, and therefore, no attempt has been made to ela-ssify 
them on this basis. 

Most of the blood samples were taken during the morning. With older chil- 
dren and adidts, the majority of the .samples were obtained from one-half to 
two and one-half hours tifter the usual breaktast. Twenty-six tinidyses on chil- 
dren between 3 and 9 ye.irs of age were made on bloods taken after a fast of 
twelve hours. No consistent difference wtis found in ;uiy of the protein frac- 
tions between the children who had fa.sted and other children of the same age. 
Similar findings have been reported by other workers. With the small in- 
fants, blood samples were also obtained at varying i)eriod.s of time after feeding. 
No separation has been made between tho.se who wcu'c entirely breast fed and 
those who received supplemental feeding.s. In tin* ])eriod from the third day 
of life to the end of the first month, 90 babies were known to be entirely breast 
fed, and 15 received one or more su])i)lemental bottle feedings each day. After 
the first month most of the babies were wholly t)r i)artly bottle fed. The small 
number of bottle-fed babies in the fir.st month of life and of breast-fed babies 
in the older age groups makes it imi)ossible for us to say with eertaiuty whether 
the type of feeding is a factor in determining the jilasma protein level in in- 
fancy; however, no definite as.soeiation l)etween the type of feeding and the 
levels of the different protein fractions has been observed in onr series. This 
is in contrast to the work reported by I'j.saghy,'’ in which lower values for the 
total plasma protein were found in breast-fed infants as compared with arti- 
ficially-fed infants of the same age. 

Blood samples were taken from the external jugular, the femoral, or the scalp 
veins in the small infants, and from the arm or hand veins in the larger chil- 
dren and adults. In taking the blood, a minimum amount of stasis was used. 
The blood sample (2 to 4 c.c.) was placed immediately in a tube containing 
a slight excess of dry heparin (about 0.5 mg.), mixed, and centrifuged in a 
stoppered tube as ctuickly as possible. The plasma was separated usually within 
one hour from the time the blood was taken, and in all cases, within three houi's. 
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Viii'ialion in llio plnsiiia vDiivciit ration ol the dift'ci’ciit protein fractions has 
i)ecn determined within ;^roups of similar subjects. In addition, we liave at- 
tempted to determine tlic association, it any, Ijctween tlie different protein con- 
centrations and the factors of a;_;e, sex, and .season of tlie yeai’. Ihe series of 066 
determinations on ii-IT persons is made ui) of 303 determinations on males and 
263 on females. Tliese are di.stril)uted e<|iially throngliont the entire age se- 
fiuence, except in tlie range aliove 20 years, in wliicli tlie females are predom- 
inant; and at 11 years and below 6 months, wlierc the number of males is in 
excess. The blood samples have lieen separated into two groups according to 
the season in wliich they were done: “.summer” extending from April 1 
through October 31, and “winter,” from November 1 through Iilarch 31. 
In the age period from one month to 6 months, the grouping according to sea- 
son is uneven. From 6 months to 12 years the analyses are more evenly di- 
vided between winter and summer for each age interval and for each sex. For 
the group from 12 to 20 years, most of the analyses were done during the winter, 
and from 20 to 40 years, in the summer. The complete distribution of the 
analyses is .summarized in Table I. 


Table I 

Distribution of Analyses According to .Se.vson of Year, Sex, and Age op Persons 


AGE 

XT73IBER OF ANALYSES 

MALES 

FEMALES 

WINTER 

SUMMER 

WIXTER 

SUMMER 

Birth to 15 days 


18 

16 

13 

15 days to 31 days 


15 

8 

11 

1 month to 6 months 


9 

20 

6 

6 months to 4 years 


26 

22 

18 

4 years to 8 years 


25 

14 

29 

8 years to 12 years 


26 

12 

25 

12 years to 20 years 


15 

34 

8 

20 years to 40 years 


4 

6 

21 


Limitations of space prevent a detailed presentation of data; however, 
these have been analyzed by accepted statistical procedures (iMainland®) and 
the significant findings are given. 

Albxmin . — The albumin fraction shows no significant variation between 
the sexes, nor with the height, weight, or body surface of the subjects, but it 
does vary with age and with the season of the year. During the first month of 
life the albumin is low, the mean value being 3.79 Gm. per 100 e.c. with a 
standard deviation of ±0.33 Gm. There is no apparent change with age at this 
early period, but the variation between different babies of the same age is lai-o-e. 
At about one month a rise in the albumin with increasing age becomes apparent. 
This continues until the “adult” level is reached, sometime between 6 months 
and 1 year, after wliich there is no further significant change ndth age. As 
pointed out, the babies in our series were predominantly breast fed in the first 
month of life and bottle fed after this age. It, therefore, appears possible that 
the increasing plasma albumin concentration may be associated with the chano-e 
in diet and may not be entirely referable to age. A consideration of the 90 
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breast-fed and 15 bottle-fed infants under one month of a^:e f^ives no indication 
of a relationship between tlie plasma albumin level and tlie type of feedinf,'; 
liowever, a larger group of infants must be studied liefore such a relationshii) 
can be determined definitely. In our .serie.s there is an apparent rise in the 
plasma albumin level between the ages of 13 and 20 years old. This may result 
from the fact that this group of analyses was done during the winter, and the 
rise in values may be ascribed to seasonal variation rather than to a change 
with age. The mean ••adult” level is 4.70 C!m. per 100 e.c., with a standard 
deviation of +0.32 Gm. 
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"W^e have deteimined the trend of values during the period of change. 
This is shown graphically in Chart I, together with the values for both younger 
and older persons. It can be seen that the spread covered by two standard 
deviations, including about 95 per cent of the cases, is very large for all ages. 
This spread is made up of two components, the true biologic variation andUio 
variation caused by chance errors in the analytic proeedmv. The true biologic 
variation has been calculated as follows: 

S.D.p = V(W.L».t)'- - (a.ii.M)- 
= VU.a23y5-- - 0.07705- 
= V0.099007 
= ±0.314 


The symbol “S.D.” represents the standard deviation, and the subscript let- 
ters “B,” “T,” and “ai” refer to the deviation characterized a.s biologic, total, 
and measurement, respeetiyelJ^ It is seen that the true variation berween in- 
dividuals is large, even after allowing for the increment caused by errors of 
measurement. By means of longitudinal studies we hope to determine whether 
this wide spread indicates that the plasma albumin concentration varies widely 
in a given person from time to time, or maintains itself within the individual 
at a high or low level in relation to other persons. 
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Chart 2.- 


.Winter ana summer -e.uenc. values in 303 analyses on inaivia- 


Bazett, Sunderman, Doupe, and Scott- have presented evidence to show 
that dnrin- the transition from winter to summer there is an increase in blood 
volume in human subjects and a corresponding decrease m total plasma protein 
concentration As the warmer temperature is maintained, the proteins increase 
until the initial level is reached. During the transition from summer to winter-^ 
the reverse set of changes takes place. It might at first seem that this type of 
mechanism could account for the seasonal variation in albumin which we have 
observed since our “summer” group would, to a large extent, include the 
transition from winter to summer, and the “winter” group would demonstrate 
the opposite change. However, since the globulin and fibrinogen have not shoivn 
a seasonal variation similar to that observed in the albumin fraction, the picture 
is more complex than one of simple dilution and concentration of the plasma. 
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Yosidii” lias studied rabbits with respect to the seasonal variation in certain 
plasma constituents. Although it is diflicult to interpret his findings in terms 
of absolute values for the protein constituents, tlie figures given should be 
comparable within themselves. His results on this species of animal show a 
higher albumin during the summer months than during the Avinter. This is 
in direct contradiction to our results in which the lower albumin values oc- 
curred during the summer. It seems possible that different species of animals 
might respond differently to temperature changes. It is also possible that the 
variation AA-hich Ave have olrserved may be the result of change.s in diet and 
liA'ing habits rather than temperature changes, Avhereas in the ease of rabbits, 
the diet, activity, and living conditions are more subject to control. 


Globulin 
Gm/ioocc. Plaima. 



Chart 3. — A scatter diatjram of globulin, expressed as gnun.s 

age (see legend of Chart i). 


per 100 c.c. of plasma, referred to 


Globulin.— The plasma globulin concentration has been found to varv Avith 
age, as shoAvn in Chart 3, but it does not vary with sex or size of the person, 
nor Avith the season of the year. At birth, and for the first Aveek of life the 
globulin is present in a mean concentration of 1.66 Gm. per 100 e.c with a 
standard deviation of ±0.29. BetAveen the first and the fifth week the value falls 
to 1.31 Gm. per 100 c.e. (S.D.t = ±0.25), Avhere it is maintained until the age 
of about 6 months. At about 6 months a gradual rise in globulin eoncentration 
becomes apparent, and continues to an age of about 4 years, at Avhich time the 
“adult” level of 2.03 Gm. per 100 c.c. (S.D.-r = ±0.34) is reached. After 4 
years, up to 20 to 40 years, there is no significant change in the globulin level. 
In Chart 3 there appears to be a fall in the globulin in the period between 20 
and 40 years. This is probably not a real change, but it may result from the 
fact that 15 determinations in this age group Avere obtained on tAvo individuals 
Avho have maintained a consistently low globulin over a period of many months 
As Avas the case Avith the albumin, the greater part of the variation' in values 
at any age level is apparently a true biologic variation, and not the result of 
chance errors of analysis. For all persons over 5 years of age the mean 
globulin concentration is 2.03 Gm. per 100 c.c. ; the standard dcAdation repre- 
senting biologic variation (S.D.u) is ±0.34. 
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Tlie disti-ibutiou ol! valiie.s sliows a definite skew toward tlic liiglicr globulin 
eoueeutrations, as shown in L'liarl 4. Similarly, lliere arc more above the area 
covered by plus or minus two standard deviations than there are lielow it, as 
can be seen in Chart 3. Tliere is no known explanation for tliis fact ; however, 
it seems possible tliat in spile of tlie care exercised in tlie selection of subjects, a 
few may have been included who sliow an elevated globulin as a result of infec- 
tion or immunization. It is known'=-'" that tlie development of antibodies is 


frecpiently accompanied by an increase in some fraction of the total globulin, 
but little is known of the duration of tiiis hyperglobulinemia. 


P«rCtnt 

oi 



Globulin 

^iti/ioocc 


Chart 4. — Frequency polygon of globulin values in 260 analyses on persons over 5 years of age. 


Fibrinogen . — The most striking feature of the findings with respect to 
fibrinogen is a wide scatter of the values in all groups. Chart 5 shows the dis- 
tribution of values for both sexes graphed vdth respect to age. From the chart 
it will be observed that there is a slight tendency toward a higher mean value 
and greater variation at birth than in the older age groups. This may or may 
not be a real change ; in any event it is probably too small to be of clinical sig- 
nificance, except in so far as it may indicate instability of the plasma fibrinogen 
concentration in the first weelm of life. After one month there is no significant 
change with age in the mean level of plasma fibrinogen. This value is 0.21 6m. 
per 100 e.c., with a standard deviation (total) of +0.0590. As was the case with 
the albumin and globulin fractions, the spread in values seems to be due to a 
true biologic variation, the standard deviation corrected for chance errors of 
analysis being 0.0585. 
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In the pei'iod up to 5 yeai's oi' ajic tiicre is no sij'ni/iwint dift'erence hetMTcn 
the sexes in the til)rinogen level. After this age the niiile.s U'lul toward lower 
values, the mean for 123 males beijig 0.201 (.S.D.t — lO.Ool), a.s eonf]'a.sled 
with a mean of 0.218 (S.D.t — ±0.058) for 13G females. Although this dif- 
ference is not great, the probability that it would occur by chance aloin; i.s be- 
tween 1 and 2 in 100. 


Rbrinogzn 

fim/looccPiisnia. 


- 

* * « 

M 

'fcv'' 

t 

• 


■ 


■< . ' 

• 1* * 

'.T - - - ~ - 

]. .*• ; 

■ i" 1 'i V 


' . • * ** 

»•' *. •. •* 


r. ; 7 / i; . ■ 

W;... 

• 1 • 




- — ~ r 

* = Mahs 

Virlical line ijidicatfs 


j_i 1 1 

_i 1 1 1 

, ,*=F<2nial 

is , a cliar^fi in 1^52 scab 

U- 


0 Iwt 2vS3i.H»t23aIna?!Ki5r<jfenij lijc 3ijr “tijr: 6ijr Bijc lOtjr Uvjr lAijrt 20ijr SDiji: 

Age 
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Chart 6. — Frequency polygon of fihrinogen values in 259 analyses on persons over 5 years of age. 


The distribution of fibrinogen values about the mean, as shown in Chart 6, 
shows a skew toward the higher values somewhat similar to that observed ufith 
the globulin. This similarity raises a question of correlation between the two 
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iraelioiis. Churl 7 shows the fibriuoi'en values in relation to each eorresponcl* 
ill" -lobuUu vuUic Cor uU analyses on persons over 5 years oC age. Although 
a slight eovreUition i.s present, it is to be noted that, with one exception, the 
fibrinogen values above two standard deviations do not occur in the same persons 
as those showing gloiniliu values above the two standard deviation range. It 
scenis likely, thereCore, that the factor, or factors, producing the skew m the 
globulin distvibiitioii are not the same as those involved in the fibrinogen dis- 
tribution. 
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Chart 7. — A scatter diagram of flbrinogen concentration referred to the corresponding globulin 
concentration in 259 samples of plasma from individuals over 5 years of age. 


Ham and Curtis'® have reviewed the literature ivith respect to fibrinogen 
values that have been reported, and have studied this factor in a series of 
adults under varying ph 3 'siologic and pathologic conditions. In their discus- 
sion these authors state, “Normal pregnancy is the only ‘physiological’ con- 
dition associated with increased fibrinogen concentrations to values of from 
350 mg. to 450 mg. Diagnostically, therefore, an abnormally elevated plasma 
fibrinogen concentration in the absence of pregnancy is laboratory evidence for 
an organic disease process which may be present at the time of observation or 
which may have terminated several days or weeks before.” Our series shows 
plasma fibrinogen concentrations above 0.4 Gm. per 100 e.c. in 4 of 259 persons 
over 5 years of age. At the time of the analj'ses these persons, as stated prem- 
ously, had had no minor illness (mild colds) in the preceding two weeks, and no 
serious illne.ss with fever during the preceding three months. One of the four had 
recovered from pneumonia three and one-half months before the determination 
was done and may have had an elei'ated fibrinogen which would extend over this 
period of time. The other three children had not shoira symptoms of any acute or 
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chronic disease, nor had tliey liecn inimuniy.ed a^niinsL any disease durin-' an 
eight-month period preceding the plasma protein determination. One must 
conclude, therefore, that (1) the findings of Jlam ami Curtis do not apply to 
children; (2) allowance mu.st he made for an occasional “normal” plasma 
fibrinogen concentration above the limits set by these authors; or that (3) the 
fibrinogen elevation following disease is more prolonged than these authors 
would lead one to believe. ^Yith the data at hand we have been unable to deter- 
mine which of these three possibilities is the correct interpretation of our results. 

Total Protain 



Total Protein . — The total protein is fretiuently determined without sepa- 
rate analysis of the different fractions. This practice leaves much to be desired, 
since most of the functions of the proteins may be attributed primarily to one 
or another of the fractions rather than to their combined, total concentration.^' 
On the other hand, the determination of total protein is a relatively simple pro- 
cedure and gives some information of value to the clinician. The total protein 
reflects the difference between the sexes with respect to fibrinogen and the sea- 
sonal variation observed in the albumin; however, the most significant variation 
is that occurring with age. At birth the total protein concentration is 5.70 Gm. 
per 100 c.c., with a standard deviation (total) of ±0.45 Gm. per 100 c.c. During 
the first month of life the value falls to 5.33 Gm. per 100 c.e. (S.D.t = ±0.37), 
after which there is a gradual rise until the adult level of 6.94 (S.D.t = ±0.47) 
is reached at about 4 years of age. These changes are shown graphically in 
Chart 8. 

DISCUSSION 

Of the many methods used in the study of plasma protein concentrations, 
the one based upon Kjeldahl analysis has best survived the test of time. This is 
because the results obtained with this method may be more accurately repro- 
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dueed, and are less subject to errors caused b\' extraneous factors wliich may 
be present, especially in pathologic conditions (see Chorine,' and flyers and 
lluntwylei"''). In the analysis of fibrinogen the values obtained by different 
methods may be more comparable. Our discussion of albumin and globulin con- 
centrations will be limited to the studies in which a salting-out procedure has 
been used to separate the fi'aetions, and the analysis has been based upon 
Kjeldahl nitrogen determination. In some instances, workers have used a factor 
other than 6.25 to convert the nitrogen content to protein. These figures have 
been recalculated using 6.25 as the factor in order that all the results may be 
expressed in the same terms. We do not wish to imply a belief that the different 
proteins contain exactly 16 per cent nitrogen; however, this nitrogen content is 
most uniformly assumed, and the protein concentrations calculated upon this 
basis may be easily corrected at .some later date if it is shown that their nitrogen 
content varies significantly from this value. 

Table II gives a summary of albumin and globulin values reported in the 
literature. Some of these workers have used serum ; others have used plasma. 
In the latter group both heparin and oxalate have been employed as anti- 
coagulants, and in two instances no statement is made concerning the anti- 
coagulant. Of the six workers who have analyzed plasma, only two give values 
for fibrinogen. In three papers the sum of the mean values for albumin and 
globulin approximates the mean total protein, and it is, therefore, assumed that 
the so-called “globulin” includes both globulin and fibrinogen. In the report 
of Munt\vj'ler, Way, Binns, and Slyers,-' the mean total protein is greater than 
the sum of the albumin and globulin, and we have, therefore, assumed that the 
fibrinogen was determined separatelJ^ A variety of salts has been used to sepa- 
rate the albumin and globulin. We have not attempted to anal5'ze the reported 
values on this basis, but we have included all papers in which a salting-out pro- 
cedure was employed, irrespective of the salt used. In none of the work to be 
discussed has any mention been made of the season of the year in which the 
analyses Avere done. Seasonal variation in the albumin fraction might, to some 
extent, account for the disagreement among different Avorkers Avith respect to 
this fraction. 

The data summarized in Table II cover anal 5 'ses on 102 adults and 199 
children from birth to 15 years. For the entire group of adults the mean 
albumin concentration is about 4.6 Gm. per 100 c.c., Avith a range from the low 
of 3.3 reported by LcAvinskF' to a high of 5.65 reported by Bruckman, D ’Esopo, 
and Peters.^® This mean value is in relatiA'ely good agreement Avith the mean 
albumin concentration of 4.7 Gm. per 100 c.c., which Ave have found in older 
children and adults, and onl}^ the Ioav values reported by LeAvinski-^ and bA- 
Linder, Lundsgaard, and Van Slyke^- fall outside the three standard dcAuation 
range covered by oiu- series. On the other hand, the mean values reported by 
the different Avorkers for their respecth^e small groups of persons vary AAndelj- 
AAuth respect to each other and in comparison Avith ovir mean. 

The globulin analyses reported in the literature cover 54 adults, Avith a 
combined mean of about 2.0 Gm. per 100 c.c. and a range from 1.32' to 3 79 
This mean value is the same as Ave liaA-e found for older children and adults 
as is the total range, except for one high value (3.79) reported by LeAvinski 
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Table II 


PL\SitA Pkotein ALveues Eeported in the Litekatl’re in AViiieh the ArETHOi) OE Analysis 
IS Similar to That Employe!) in This Study 


AUTIIOH : 

DATE 

S’UMDEH 

OK 

AGE 



EIllRINoaEN) 

REMARKS 

uekerexce 

OASES 




mmmmm 


Lewinski (1903 )=i 

3 

Adult 

3.30-4.47 

2.36-3.79 

0.28-0.50 

O.xalated 

plasma 

Linder, Lunds- 
gaard, and Aqui 
Slykc (1921)22 

7 

Adult 

3.62-4.9 

(4.11) 

2.43-2.89 

(2.61) 

In globulin ? 

O.xalated 

plasma 


16 

males 

Adult 

3.95-5.24 

(4.-44) 

1.96-3.16 

(2.58) 

In globulin? 

O.xalated 

plasma 


16 

females 

Adult 

o 

CO 

T 

2.1S-3.53 

(2.08) 

In globulin ? 

O.xalated 

plasma 

AVienor and 

AViener (1930) 2 i 




1.50-1.90 

(1.70) 

Male 

0.22-0.28 

(0.25) 

-Vnticoagulant 
not given 






Female 

0.25-0.33 

(0.28) 

Plasma used 

Jloore and A’'an 
Slyke (1930)25 

9 

! 

Adult 

4.0-4.5 

(4.3) 

(2.8) 

In gloliiiliu? 


Bruckman, 

D’Esopo, and 1 
Petera (1930)2fi 

13 

males 

8 

females 

-Adult 

Adult 

4.37-5.65 

(5.06) 

4.71-5.17 

(4.98) 

1.32-2.91 

(1.S9) 

2.02-3.22 

(2.62) 


Serum 

Serum 

Muntwyler, AVay, 
Binna, and 

Myers (1933)2? 

10 

males 

Adult 

(4.84) 

(1.88) 

? 


Barrow and Cary 
(1933)23 

20 

Newborn 
over 3 
days 

(3.73) 
S.D. -0.38 

(1.78) 
S.D. -0.45 


Serum 


16 

3-6 mo. 

(1.28) 
.S.D. -0.38 

(2.01) 
S.D. -0.34 


Serum 

Bennie (1934)^29 

0 

4 

5 

20 

3-6 mo. 

‘/{•-I yr. 
MM: yr. 
Over yr. 

(•1.07) 

(-1.76) 

(5.26) 

(5.02) 

(1.84) 

(1.99) 

(2.27) 

(2.39) 


Serum 



3-23 mo. 

4.1-0.9 

1.13-2.S2 


Serum 

24 

21/j-ll yr. 

4.0-5.5 

1.4-3.0 


Dodd and Minot 
(1936)31 

16 


2.6-4.2 

(3.66) 

(1.78) 


Serum 


34 

3 mo.-2 yr. 

3.6-4.S 

(4.28) 

(1.91) 




32 

2-13 yr. 

3.9-5.2 

(4.65) 

(2.38) 




•Patients have “no apparent abnormality except mild rickets." 
fpatients are afebrile convalescents. 

^Numbers In pai-entheses indicate mean values. 


In contrast to this, the mean value of 2.6 Gm. per 100 c.c. for globulin plus 
fibrinogen, reported in the literature for 48 adults, is distinctly above the sum 
of our mean values for the two fractions. 

Serum analyses have been reported in the literature for 199 cliildren. These 
results have not been presented for each individual, but for age groups which 
frequently include periods where we have found the concentration of one of tlie 
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fractions to be cliauging. Thus the mean values for tliese f^roups cannot be ex- 
actly compared witli our series, since we do not know tlic distribution ol; per- 
sons witliin the f^roiips Hint have been rejmrted. In f'cneral, tlie albumin con- 
centrations which have been rei)ortcd fall well within the rajijie of \mlues cov- 
ered by our series for corresponding^ aKC j)eriods. A notable exception to this 
is the high mean albumin level of d.07 (liit. per 100 c.c. reported by Rennie^ 
in 1934 for 25 children over 1 year old. This is in contrast to our mean of 4.7 
for all children over 1 year old, or the mean of 4.83 for tlie analyses done during 
the winter mouths on children of this age group. 


Albumin 

glTt/lOO C£. 


6'.5l 



* • 



• • - :• 

• 


• • * 

• ' .. 

**•••• • • •• • • 

• 

► 

« 

} 


• ^ 




0 

^ ^ 

• 

• 

— 


Globulin, Iwo slandard deviations 

— — 

Albumin, two standard c 

evlalions 


l.S Z.O Z.6 3.0 

Globulin 

om./iooM. 


Chart 9, — A scatter diagram of albumin concentration referred to the corresponding globulin 
concentration in 262 samples of plasma from individuals over 6 years of age. 


The serum globulin values wliich have been reported for children tend to 
be higher than those of our .serie.s at corresponding age levels. A possible ex- 
planation of this discrepancy might be that some of the children used by other 
workers, although not acutely ill when the blood was taken, may have .shown 
a mild hyperglobulinemia as a re.sult of recent infection or immunization. 

Ham and Curti-s'" have reviewed the literature with respect to pla-sma 
fibrinogen concentration in normal persons. In 193 determinations on adults 
reported by the.se authors, and in the work reviewed by them, tlio fibrinogen 
values fall between 0.190 and 0.380 Gm. per 100 c.c., with a mean of about 
0.250. These results are e.ssentially tlie .same a.s those given in Table II, as re- 
ported by Lewin.ski,“ and by Wiener and Wiener.^^ Our mean value for per- 
sons between 3 and 20 years is slightly below this, and our range is .somewhat 
wider, including many values below those found in tlie literature, and a few 
wliich arc higher. We liave lieen unable to find any extensive literature cover- 
ing the plasma fibrinogen concentration in early childhood or infancy. It is 
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quite possible tliat oiii' results on persons I'roin 8 to 20 years oi‘ ago would not 
represent the values to be exiieeled in persons from 1(J to 61 years, the age range 
studied by other workers. In our series there is an ai)i)arent rise in the fibrino- 
gen in the period from 12 to 20 years. This is offset by the low values ob- 
served between 20 and 40 year.s, and the mean for tin; entire group beyond 12 
years is the same as that for children from 8 to 12 year.s of age. A real tendency 
toward increasing fibrinogen concentration after puberty can be established only 
by studies on a larger group of persons. The results reported in the literature 
may indicate that such an increase does occur. 



O y.b' 5.0 5.5 


Albumin 

c£. 

Chart 10. — A scatter diagram of (Ibrinogen concentration referred to tlie corresj)onding aibumin 
concentration in 25D sampies of plasma from individuals over 5 years of age. 


AVe are not satisfied that the ratios of albumin to globulin liave sufficient 
significance to justify including these values in our tables. It is true that plasma 
and serum protein determinations arc frequently reported in terms of the total 
protein concentration and the ratio of albumin to globulin, the A./G. ratio. 
With serum analysis this method of recording, although unnecessarily ob- 
scure, gives a complete picture, for one can calculate the more significant indi- 
vidual values for albumin and globulin if the total protein and the A./G. ratio 
are given. When plasma is used, however, confusion arises because some work- 
ers include the fibrinogen with the globulin in computing the A./G. ratio, while 


others do not. 

Interpretation of the results of plasma protein determinations, from either 
the physiological or clinical point of view, is based largely upon the concentra- 
tion of each separate fraction, with its independent functions, and not upon the 
ratios between the different parts. Purthermore, in our work with healthy 
ersons the three major protein fractions have been found to vary independently 
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ol! each other, a.s sliowii in Cliarls 7, 9, ami tO. Tiierefore, we i)cJievc (hat the 
albumin, globulin, and librinogen .sliould l)c treated as separate entities (or 
systems), and (hat it is more satisl'aetory to record in (lie literature tlie actual 
values of the separate protein fractions ratiicr than a ratio between any of the 
constituent parts. 

Boissevain‘“' has recently reported (hat .serum albumin greatlj' promote.s, 
and serum globulin inbibits, the growth of the tubercle bacillus on artificial 
media. Should the two proteins be .shown to have an antagonistic action in 
tubereulasis, tlie A./G. ratio would become of importance in .so far as these pa- 
tients are eoneerned. 


SUJntAKV AND CONCLU.SION.S 

1. A total of 5GG analyses of pla.sma albumin, globulin, and fibrinogen 
have been made on 547 healthy persons from birth to 39 years of age. 

2. The protein fractions have been separated by salting-out with sodium 
sulfate and analyzed by a miero-Kjeldabl pivcedure. 

3. Each of the protein fractions undergoes a change with age in early 
infancy and childhood. These changes have been defined. 

4. The plasma albumin concentration in persons over 3 years of age is 
higher in the winter than in the summer months. This seasonal variation does 
not appear in the other fractions. 

5. In persons over 5 years of age the plasma fibrinogen tends to be higher in 
females than in males. 

6. In normal persons the albumin, globulin, and fibrinogen vary inde- 
pendently. 

7. No correlation has been found between any of the protein concentrations 
and the time elapsing after the inge.stion of food. 

8. There is no correlation between any of the protein concentrations and 
the height, weight, or body surface of the individuals. 
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BLOOD fro:m the bar lobe® 


PuKLIMlXAItV ReI’OUT 


G. BuiicKiiANX, Pii.D., Tel Aviv, Palestine 


I T SEEHS generally aceepted that, under standard conditions, practically 
identical hemoglobin values are obtained from venous and peripheral blood. 
A closer review of tlie literature, however, reveals that this view is based in 
most cases only on comparison of venous blood with blood from the fingei* tip. 
Only a few investigators have worked with blood from tlie ear lobe as represent- 
ing the peripheral sample, and have found no significant differences for hemo- 
globin or red blood cells (Biii-ker,* Yarbrough,- Foord,^ Reichel and Monastero,^ 
Price-Jones and eo-workers^). 

During hematologic work at this laboratory concerned with the establish- 
ment of standard red blood cell values for Pale.stine and the study of seasonal 
influences on these values, the usually taken venous samples were — very occa- 
sionally — replaced by samples from the ear lobe; in each of these cases, abnor- 
mally high hemoglobin figures were observed. A reinvestigation of the question 
seemed, therefore, advisable, in spite of the fact that it appears to be settled. 

expekbiental 

As mentioned this study was undertaken as a corollaiy to standard work, 
which has been carried out along the internationally adopted lines of such 
investigations and will be described in detail in a forthcoming publication. If 
not otherwise stated, the subjects comprised healthy adults between 20 and 40 
years of age, presenting themselves before breakfast or four hours after a meal. 
Blood was taken from the cubital ar-m vein without tourniquet, Liquoid Rochet 
being used as the anticoagulant, which, like heparin, causes no shrinkage dur- 
ing the hematocrit determinations. 

After wiping the finger pulp and the ear lobe with a little ether, the pe- 
ripheral samples were simultaneously taken by puncture vdth a spring lancet, 
care being taken to avoid squeezing or cyanosis. If only hemoglobin was deter- 
mined, no anticoagulant was used ; otherwise approximately 0.5 c.c. of peripheral 
blood was eoUeeted in small vials prepared mth the anticoagulant, as described 
by Andresen.® 

Hemoglobin was determined spectrophotometrically after reduction with 
sodium hydrosulfite (NaoS^OJ according to Heilmeyer,' using a Leitz extinction 
photometer with screen 570 m/x. This method, which has also been used by 
Biirker* and Williamson,® has proved, after standardization, veiy satisfactory 
in our hands. To demonstrate the accuracy of the method, the results of 10 
indepen dent determinations on the .same blood sample are given : 

•From the Cliemical Laboratorj-. Hacla.x.-eih Jiunicipal Ho.spital Tel VvK- 
tSodlum polyanethole sulfonate. 

Received for publication, July 25, 1941. 
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Taule I 


SiMui/TANEOi’.s llEJioci.oiiix Deteiiminatioxs OX Vkxoi’.s axo IT:i:ii‘iiki:ae Blood 

(Kwults in Grnin.s Per C^ent) 


xo. 

XAME 

vKXors 

FIXGEIt TIP 

VJiK LOIJK 

UE.MAEKS 

1 

Lau 

14.8 

14.3 

15.9 




o 

Bru 

15.2 

15.2 

10. 1 




•t 

•i 

Gla 

15.8 

15.S 

17.0 




■i 

Wal 

15.4 

15.4 

19.3 




5 

Kov 

1G.4 

15,7 

1 i ••i 




G 

Drc 

15.0 

15.4 

10.3 




7 

Fis 

15.2 

15.2 

18.3 




S 

Log 

11.3 

11.3 

12.0 

Xorijuu’vtie aneiniii (nr 

Ggnant) 

9 

Alel 

15.7 

10.1 

l0.:i 



10 

Gru 

13.4 

13.2 

10.1 




11 

Fei 

14.5 

13.0 

34.5 




12 

Ste 

13.4 

iru 

17.5 




13 

Lao 

15.2 

10.2 

M.S 




14 

Jac 

15.4 

14.3 

15.4 




15 

Bru 

13.8 

12.5 

M.O 




IG 

Ber 

13.8 

13.4 

15.2 




17 

AVei 

IG.G 

10.0 

17.7 




18 

Fis 

14.2 

1.3.0 

15.0 




19 

Alar 

15.7 

14.0 

17.0 




20 

Ivar 

12.5 

11.8 

11.0 




21 

Jac 

14.5 


34.7 




oo 

Kop 

10.5 


10.8 

-MacTiiGVtii 

anemia 


23 

Dre 

JtlS 


17.2 




24 

Lau 

11.8 


14.0 




25 

Bru 

12.7 


12.9 




20 

-Aloy 

9.0 


11.1 

.Mioroevtio 

livpoGhroiiiio 

anemia 

27 

Kor 

12.5 


12.5 




28 

Alac 

13.4 


10.3 




29 

-Aley 

13.4 


15.7 




30 

Boui 

13.1 


14.7 




31 

Bru 

15.1 


10.1 




32 

Fis 

14.2 


15. i) 




33 

Gur 

14.4 


15.0 




34 

AIos 

17.0 


38.4 




35 

Alir 

13.2 


15.4 




3G 

Bin 

13.0 


34.5 




37 

Gef 

15.0 


17.7 




38 

39 

Sch 

Tra 

7.5 

l‘i.O 


S.S 

15.9 

Mirroevtie 

hypooliromio 

anemia 

40 

Lev 

15.7 


37.0 





Mean value : 15.96 grams per cent. .Standard deviation : 0.44. Standard 
error : 0.14. Coefficient of A'ariation : 2.78. 


RESULTS 

Table I gives the results of the simultaneous determinations on venous and 
peripheral blood, obtained throughout the year. Ten additional comparisons of 
venous and linger tip blood are for the sake of brevity not listed in the table, 
but are included in the statistical evaluation given in Table II. 


Table II 

ST.rTisTicAL Evaluation op 30 Cojipabisons op A^'enous axd Eixceb-Tip Blood 


SOURCE j 

MEAN 1 

VALUE j 

ST.VNUARD 

DEVIATION 

STANftrVRD 

ERROR 

COEPPICIENT 

VARIATION 

difference 
OP means 

STANDARD ERP.OR 

OP difference 

A^’enous 
Finger tip 

14.40 

14.15 

2.00 

2.06 

0.365 

0.376 

13.9 

14.6 

-0.25 

0.52 
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Table U also sliows live evulualioii ol! yo siiviuUaiieous measurements ol; 
venous and linger-tip blood, obtained i‘i-om 27 persons (14 males, 13 females), 
25 of them beallby ones. The dift'erenee of the mean values of -0.25 Gm. is by 
far too small to bo statislieally sij'niiieant. This would be the ease only if it 
were more than twice Us standard error (Fisher"). Ten of tlie 30 cases gave 
identical values; in 5 cases the iinger-tip values were higher; in 15 cases they 
were lower than the venous ones. 


TMII.E 111 


St.\tistic.\l Ev.vloatios of 40 Comc.wusoxs of Vekous .vxd E.u: Lobe Blood 



1 ME.VX 

STANUAUU : 

STAXPAKD 

1 COEFFICIENT j 

I UIEFEIiEXCE ; 

STAXOABD EEEOn 


1 VALUE 

DEVI.VTIOX 

Kuuoa 

1 VAIUATION’ 1 

1 OF means 

OP DIFFERENCE 

V enous 

1 14.03 

1.9G 

0.310 


[ +1..35 

0.40 

Ear lobe 

1 15.3S 

2.14 

0.33S 

KBmIH 


Table III shows the evaluation of 40 simultaneous measurements of venous 
and ear lobe blood. These were carried out on 34 persons (12 males, 22 females), 
4 of them sutfering from anemia. The difference of mean values, +1.35 Gm., is 
nearly three times as great as its standard error and must, therefore, be con- 
sidered statistically significant. In 3 cases both values were identical; in one 
case the ear lobe contained less, in 36 cases, it contained more hemoglobin than 
the arm vein. On the average, the ear lobe values are 10 per cent higher than 
the venous ones. 

It should be emphasized that the manner in which the blood was taken from 
the ear lobe seemed to be without influence, as could be observed in separate 
experiments. The same high values were obtained whether a deep puncture 
wound with consequent free flow was made, or whether the blood was obtained 
by repeated squeezing. No change in the picture was seen when the ear blood 
was taken first, and the venous sample after a few minutes interval. Seasonal 
influences seemed likewise without effect. More than half of the trials were 
carried out during the winter and spring season, whose climatic conditions do 
not show very marked difference from those of American and European coun- 
tries of the moderate zone. 


COVniEXT 


Differences between venous and peripheral blood under standard conditions 
have so far been reported only in the case of pernicious anemia by Duke and 
Stofer,« who found higher values in the ear lobe. During the first days or weeks 
of life higher hemoglobin, red blood cell, and cell volume values were likewise 
observed by several authors in peripheral blood from the heel (e.g. Andresen 
and Mugrage”). The notorious high peripheral values in shock, ’ caused by 
blood concentration, need scarcely be mentioned here. 


The fact that such differences also exist in the healthy (and anemic D adult 
m the case of the ear lobe should discourage the practice of taking blood from 
tins source for hematologic diagnosis, a practice which is still nsed by a con 
sidcrable number of physicians througlioiit the world. It further offei^ a pos 
sible explanation for the fact that the hemoglobin values in WilliamsoS 















490 


THE JOUUNAti OF LAUOUATOUY .VXD CEI.N’ICAE .AIKDICT.VE 


classic investigation are uniformly about 10 per cent higher tlian those obtained 
by the majority of all other workers. Williamson had been vvorking with blood 
from the car lobe. 

It seems conceivable that stasis in (he capillaries and subse([ucnt changes 
in the blood composition may more easily occur in (he car lobe than in the huger 
pulp. For a better understanding of the phenomenon, however, it is imperative 
to add red blood cell and hematocrit determinations to the hemoglobin values 
reported in the present paper. lYork on this line is now in progress, and it can 
already be stated that a tendency for maeroeytosis prevails in tlie ear lobe 
blood. It would be worth while to investigate if this also applies to l)ody blood 
deposits. 

SF-MMAItV 

Venous blood has been compared under standard conditions with periph- 
eral blood from the finger tip and the ear lobe. 

No significant differences exist between the liemoglobin content of venous 
and finger-tip blood. Blood from the ear lobe, however, contains significantly 
more hemoglobin and should, therefore, not be used for diagnostic purpo.ses. 

I wish to exi)res.s my (jrutUudo to Dr. 1. L. Kislu-r for iil.s helpful mlvico :inil criticl.sm 
throughout tills study. 
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TUB JIEASUREilEN'r OB INTRAVENOUS BLOOD SUGAR CURVES® 


Bkngt Ha.miltox, JI.D., and A. P. Stkin, jM.D. 
Chicago, III. 


T he blood sugar eurve, obtained after the administration of glucose, is a 
clinical lalmratory test frequently employed, but only rarely giving any 
clear-cut information, except in cases of markedly abnormal carbohydrate 
metabolism. Although it is well known that there are great normal variations 
in blood sugar curves, variations noted when examining a number of persons, 
as well as one and the same person on different occasions, there is no simple 
way of describing these variations. 

The following report describes a method by wliicli the intravenous blood 
sugar curve may be characterized by a single figure. The method is based on 
the fact that, although a curve is difficult to describe, it is easy to measure the 
slope of a straight line. Many curves may be considerably straightened out by 
plotting on logarithmic paper; often this is true of the intravenous blood 
sugar curve to a very surprising degree, especially in the middle part of the 
curve, where the values fall in the range of normal postabsorptive values (from 
about 200 to 100 mg. per 100 c.c.). This is, probably, the most important part 
of the curve. In the higher ranges, never reached under normal conditions, it 
is possible that special mechanisms come into play (for instance, excretion of 
sugar through the kidneys). Toward the end of the curve, at values of about 
100 mg. per 100 c.c., we might expect various mechanisms for stabilizing the 
blood sugar at normal values to become active. In the middle range, however, 
we would observe and study the normal mechanism for removal of excess carbo- 
hydrate from the blood after ingestion of carbohydrate, and it is interesting that 
it is in this range that the logarithmic curve so often forms a straight line. 


SIETHOD 


The blood sugar values are plotted on semilogarithmie graph paper, and the 
part which forms an approximately straight line is noted. In questionable cases, 
where it is difficult to decide how much of the curve is approximately straight 
the decision is not of very great importance, as long as the selected part includes 
most of the values between 200 and 100 mg. per 100 c.c. As ^vill be shmyn 
later, including one value more or less rdll not greatly change the final result 
The logarithms of the blood sugar values forming the end points of the selected 
of the curve are then obtained, with two decimals, from a table or slide 
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rule. The (lifforeiiee lielween tlie.se two lof'arithm.s, divided hy tlie time elaji.sed 
between these two iioints of the eurve, i.s an aiipro.ximafe measure of the .slope 
of the curve. 

T.\iu.e I 
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Table I gives the blood sugar values obtained in (,'a.se 2 (third from tlie left 
in the second row in Fig. 1). An apiiro-Kimately straiglit line is formed between 
the values 280 (first value) and 99 (fifth value). Tlie dift'ereiiee between tlie 
logarithms of these two values is 2.4.5 - 2.00 = 0.45. The value 2S0 was ob- 
tained two minutes after the in.jeetion of ghieose; the value 99, .si.\ty minutes 
after the injection; the elapsed time is, therefore, 58 minutes. In this period 
of time the logarithm of the blood sugar decreased 0.45. In one minute, then, 
it decreased on the average 0.00770. This value, 0.00770 per minute, is a measure- 
ment of the slope of the logarithmic curve. However, a decrease of the 
logarithm of the blood sugar of 0.00770 per minute is the same as if the actual 
blood sugar value had been divided by I.OISI each minute. Dividing by l.OlSl is 
the same as multiplying by 0.9S23. In other words, the blood sugar at the end of 
each minute is in this ca.se on the average 98.23 jier cent of wliat it was at the 
beguining of the muiute, which is a decrease of about 1.77 per cent. This figure, 
1.77 per cent ])er minute, is the measure of the rate of decrease of sugar in the 
blood in this case. Fortunately, this rather complicated calculation made to 
arrive at this figure is not nece.s.sary. If the slope of the logarithmic curve 
(in this case 0.00776) is multiplied by 230, we will alwa.vs arrive at approx- 
imately the same result as that obtained in the above calculation.® In this case, 
we get 1.78 per cent per minute by using this method, while the more elaborate 
calculation resulted in the value 1.77 per cent per minute. As the accuracy of 
the method justifies the inclusion of only one decimal, the difference is not im- 
portant. P'or practical purposes it is sufficient to say that the rate of decrease 
of blood sugar in Case 2 was 1.8 per cent per minute. 

It 7nnst he very stronrjhj emphasized that this fiyure, 1.8 per cent per min- 
ute, is not the same as 18 per cent in ten minutes, or ISO per cent in one hundred 
minutes; that is, it is not the same if percentage change is calculated, as is usu- 
ally done, in per cent of the initial figure at the beginning of the period of 
change. If, however, the percentage change is calculated in per cent of the 
geometric mean between the initial and the final figure during tlie period of 
change, then it will be approximately correct to multiply per cent per minute 
by any number of minutes. 

•This statement is based on the fact that (logey) — — • 

The multiplication by 100 is made to change a fraction into percentage ; by 2.30, to change 
ordinary into natural logarithms. 
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Summary of Method— Viol tlie blood sugai- curve on seniilogaritliiuic paper 
(obtainable in most stationery stores). Determine which part of the curve is 
approximately straight. Obtain from a table or .slide rule the logarithm.s (with 
two decimals) of the two fiyiures forming the beginning and end of the straight 
part of the curve. Take tlie difference between these two logarithms, divide this 
difference by the number of minutes elapsed between the two blood sugar de- 
terminations, and multiply the result by 230. The figure obtained is the average 
rate of decrease of the blood sugar in per cent per minute. 



We have made intravenous blood sugar curves on a number of patients 
with miscellaneous disorders, all children; old burns, kept in the hospital for 
grafting; patients with gonorrheal vaginitis; fractures; patients with bronchiec- 
tasis. Some of these have received a diet high in carbohydrate, others a diet 
low in carbohydrate; many were tested on both diets. We shall not give the 
data as to the composition of the diet, since the lack of a metabolism ward made 
it quite certain that the diets were only approximately followed. The diets as 
offered had a ketogenie-antiketogenic ratio of about 0.25 :1 for the high carbo 
hydrate diet, 2 :1 for the low carbohydrate diet. All we can definitely say is that 
tiiese two diets were very different in their carbohydrate content 

The technique of the intravenous test is important for the interpretation 
of the curve. It goes without saying that the amoimts of sugar given should be 
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strictly standardized. In our te.sts we have }i:iveu O.d tlin. of f'lueose per kilogram 
of bodj’’ weight in a 20 per cent solution (in normal saline). The amounts of 
dextrose injected have a marked efl'eet on the eiirve.' In some e.ises we have 
given smaller amounts and found that on these smaller amounts the curves tend 
to be irregular and diilieiilt to interpret. The time used for injection sliould 
be made as uniform as jiossible by using the same size intravenous needle and 
the same iiressure in every ease. We liavc used a No. IS intravenous needle 
and a salvarsan tube ■with very rapid drip at a distance of si.x feet from the 
floor. In this manner, the injection ivas usually completed in le.ss than one min- 
ute. According to Tunbridge and Allibone,* small differences of two to four 
minutes in the time used for injection are of no importance for the result. 

mc.suET.s 

In Fig. 1 are plotted on logaritlimie jiajicr our 24 i);itients, more or le.s.s 
normal, on a high carbohydrate diet. The curves are ranged according to the 
steepness of the slope, and the figures above the eurves indicate the steepness in 
terms of per cent decrease per minute. Tlic part of each curve chosen for tlie 
calculation of the slope is indicated by the arrows. It may seem as if this 
part, in some cases, was rather arbitrarily chosen, but as has already 
been pointed out, it makes very little ditfercnce in the result of the 
calculation if one only adheres to the principle of (i) choosing as straight a 
part of the curve as possible, and (2) in (piestionablc cases to include appro.x- 
imately the range from 200 to 100 mg. i)cr cent. In Case 20, for instance, it 
may seem questionable whether to calculate from the second or the third value; 
calculating from the second, one obtains a slope of 1.9 per cent per minute; 
calculating from the third, tlie value obtained is 1.7 per cent per minute. In 
Case 3, calculating from the second value the slope is 1.4, from the third value, 
it is 1.2 per cent per minute. Going over a number of curves in this manner 
we have found that tlie error of the method is. approximately, 0.2 per cent, 
as far as the calculation of tlie slope is concerned. It seems likely that if we 
assume a total error of twice as much, +0.2 per cent, we shall not overestimate 
the accuracy of the method. That M'ould mean tiiat values more than 0.4 per 
cent apart should be considered as shonung a real difference. The total range 
of our values is from 0.9 to 3.8 per cent per minute (a difference of 2.9 be- 
t\veen the highest and the lowest value), and with an error of 0.4 per cent we 
would, then, be justified in recognizing seven different degrees of steepness. 
This, it seems to us, is a -worth-ndiile refinement on the usual method of desig- 
nating the curves as “steep,” “normal,” or “flat.” 

In Table II may be seen the distribution of the values for the slope of the 
curve (the removal rate of sugar from the blood) in patients on a high and on 
a low carbohydrate diet. (Pour more eurves are included than in Pig. 1, the 
additional four being repeated curves on cases previously tested.) The table 
shows how on the high carbohydrate diet the most common I'emoval I'ate was 
between 1.5 and 1.9 per cent per minute (10 eases), vdiile on the lou' carbo- 
hydrate diet the most common rate ■was betu'een 1.0 and 1.4 per cent per min- 
ute. A very interesting fact stands out : Thex'e Avas considerably more variation 
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between tile cases on a liii;h carboliydralc diet (lian between those receiving a 
low carbohydrate intake (Ki eases were tested on both diets; the difference in 
variability may, tlieret’ore, hardly be ascribed to a difference in ease material). 
This is all the move slrikiioj:, since we feel sure that the low carbohydrate diet 
was more often broken than the hijah carbohydrate diet. The findings seem to 
indicate that when the carbohydrate metabolism is nnderstimulated (low carbo- 
hydrate diet), the reaction to a sudden demand on this metabolism (intra- 
venous injection of glucose) is very much the .same in all persons; while there 
seems to be considerable individual variation in the response when the metabo- 
lism has previously been stimulated by a high carbohydrate intake. AVe may 
also conclude that if we plan to study individual variations in carbohydrate 
metabolism, it seems more likely that a high cai’bohydrate intake will biang out 
such variations than a low carbohydrate diet. In some persons, te.sted on both 
diets, the difference in respon.se was very marked; in others the difference was 
small. The difference in response was nearly always due to differences in the 
response to the high carbohydrate diet, since the removal rate on the low car- 
bohydrate diet was very much the same in all eases. 


T.vbi.e II 

Di.stribctio.v ok Per Cent per Minute Decre.\.se of Blood Sug.ie After 
IXTR. vvEXOu.s Injection 





number 

OE CASES 



CARBOHVDR.'iTE diet I 

LESS THAN 
1.0 

1.0-1.4 

1..5-1.9 

2.0-2.4 

2.5-2.9 

3.0+ 

High 

- 

4 

10 

5 

5 

4 

Low 

1 

17 

7 

- 

- 
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T.VBLE III 


CASE NO. 

REilOVAL R.\.TE AFTER 

3 BAYS ON HIGH 
carbohydrate DIET; 

% per inx. 

REMOVAL KATE AFTER DIET CHANGED TO LOAV 

1 C.VRBOHYDKATE 

1 . _ 

AFTER 2 DAYS 

.VFTER 5 DAYS 

44 

1.7 

1.0 

1.0 

45 

2.5 

1.4* 

1.0 

46 

1.6 

1.0 

1 2 

47 

2.5 

1.8 

1.2 


•Technique not quite good. 


It is, of course, a well-known fact that the preceding diet is of great im- 
portance for the outcome of the blood sugar curve. According to Tunbridge 
and Allihone,’ the patient .should be on the diet two weeks before the testis 
made, a condition hardly possible to fulfill in clinical practice. To judge from 
our findings, the diet is of more importance in some persons than in others. Not 
onlj’-, as mentioned above, that some persons respond very strongly to a hin-h 
carbohydrate diet (steep curves) while in others the response Is much kss 
marked ; but it seenus also that the maximum effect of a change in diet is ob 
tabled sooner in some persons than in others. In Table III may be seen the 
result obtained by suddenly changing the diet in four cases. In those two 
(Case 44 and Case 46) where the removal rate was about average on a hi-h 
carbohydrate diet, no more effect of the change was seen after five davs than 
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was alreadj' present al’ter two ilays. In tlie two remain ini' eases, however, the 
removal rate was ratlier rai)icl on the Ini'll earholiydrate diet, and in tliese two 
cases the effect of tliis diet seemed to last longer. If the values obtained after 
only two days on a low carbohydrate diet had been aeeepfed as final, one would, 
obviously, have obtained an erroneous impression as to the speed of removal on 
this diet. For this reason, we liave inelnded in our table only the eases where 
the diet had been given at Icitst four days previous to the test. 

co.M.Mi;.\"r 

A simple way of measuring the intravenous curve is that used by Crawford,' 
who classifies the curve according to the time it takes after the injection for the 
blood to reach normal levels. We are of the opinion that the intravenous blood 
sugar curve deserves a somewhat more accurate method of measuring than is 
obtained in that manner. For instance, measured according to Crawford, the 
five first curves in Fig. 1 would be all the .same, while a liricf look show.s that the 
fifth (Case 21) is .steeper than the iir.st (Ca.se 3). The method also would in- 
dicate dift'erenccs where, in our oiiinion, none e.xist, as for instance between the 
fifth case in the first row (Ca.se 21) and the si.Kth ca.se (Ca.se 36). The former 
(Case 21) reached the level of 100 mg. in about sixty-seven minutes; the latter 
(Case 36), in about fifty-five minute.s. According to our calculation, the curves 
are about alike and the difference obtained by the other method of estimation 
is due entirely to the fact that the curve of Case 21 starts at a higher level than 
that of Case 36. Compare also the two la.st curves'in the diagram, Cases 6 and 
10. Here again, the curves would be very different according to Crawford, but 
about the ^ame according to our method of measuring. It seems questionable 
to us whether the absolute height to which the curve rise.s — which plays such an 
important role in tlie method of Crawford — is not much le.ss important than the 
steepness of the slope, whicli is the only characteristic measured by our method. 
In any case, the steepne.ss should be measured; then, as a second characteristic, 
may, perhaps, be added the maximum rise. 

Koss and Tonks'* are, in our opinion, using a somewhat too complicated 
method for measuring the intravenous curves. These authors mea.sure the sur- 
face area under the curve iiy means of a planimeter. In addition to this being a 
somewhat elaborate method, it also seems to us that from a mathematical stand- 
point the differential of the blood sugar curve, which i.s determined by our 
method, has more meaning than the integral, determined by Koss and Tonics. 

Although the purpose of our study was to find a practical method of measur- 
ing variations in the intravenous blood sugar curve, a fact of more theoretical 
interest became apparent from our data : Whenever the intravenous curve 
forms a straight logarithmic line, the rate at which the sugar is being removed 
from the blood at a given moment is directly related to the amount of sugar 
present in the blood at that moment; being alwa}’s the same percentage of the 
amount of sugar present. 

Another interesting fact is that in at least ten of our curves an approx- 
imately straight line slope changes suddenly into a horizontal line (L-shaped 
ciu’ves). This indicates that at a given level of blood sugar the removal of 
sugar from the blood suddenl}' stops, or, wliich is more probable, at a given 
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level sugar liegins to enter the blood at the same rate as it. is removed. If the 
latter is true, we would, then, have a method of ealeulating the rate at whieli — in 
a given individual — the sugar enters the lilood at a given time; in otlier words, 
the rate of flow of sugar from stores anti alimentary traet. For instance, if a 
curve with a slope of 2 per cent per minute suddenly becomes horizontal at the 
level of 100 mg. per cent, we might assume that tliis ec[uilibrium is accomplished 
by an inflow of 2 per cent per minute, or approximately 2 mg. for every 100 e.c. 
of blood. If sueh a person had 10 liters of blood, he would have to consume, 
on the average, 12 Gm. of sugar per hour to maintain the rate of supply of sugar 
to the blood. It may thus he seen that the a.ssumption we have made leads to 
rather reasonable figures for daily carbohydrate intake. 

SUM.MAUY 

A method is described by which the slope of the intravenous blood sugar 
curve may be calculated in a simple maimer and described by a single figure. 

By using this method, it was shown that the slope of the intravenous curves 
was surprisingly constant when the patients received a low carbohydrate diet; 
on a high carbohydrate diet the patients showed considerable individual varia- 
tions. 

REFEKEXCES 

1. Tunbridge, K. E., and Allibone, E. C.: The Intravenous Dextrose Tolerance Test, 

Quart. J. liled. (New Series) 9: 11, 1940. 

2. Crawford, Theodore: A Standard Intravenous Glucose Tolerance Test, Arch. Dis. 

Child. 13; 60, 1938. 

3. Boss, C. Wallace, and Tonks, Eva L.: The Determination of Glucose Tolerance, Arch. 

Dis. Child. 13; 69, 1938. 


THE USE OP DIHYDROTACHYSTEKOL IN PARATHYROPRIVIC 

TETANY* 


Report of a Case 


Floyd E. Hardixg, M.D., Los Angeles, Calif. 


T he occurrence of tetany following removal of the thyroid gland with 
destruction or loss of the parathyroids is unusual, owing to the improve- 
ment in surgical technique that has taken place. There are normally four 
parathyroid glands, two on each side of the thyroid, but their number and 
location vary considerably due to defects in embryologic development Because 
of this anomaly and their small size, they are often partly removed Hyper 
trophy of the remaining glandular tissue usually brings about a cure’ in a few 
montlis. In rare instances so much gland tissue has been removed that tetanv 
becomes a permanent condition. The case reported here is of this tvne since 
regeneration did not occur after one and a half years, and the treatment pre 
se^an ideal clinical subject for observation of the effect of a new drug. 
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J)iliydi'otaehystorol is niado ria)in tachysterol, a Ijy-product of llic irradia- 
tion of crgostcrol willi ultraviolet liejht. U will raise tlie blood ealeiuni to nor- 
mal or even above normal when .u:iven l»y mouth, and for tliis reason, has an 
advantage over paratliyroid extract, which is "iven hypodermically. The cfteet 
of parathyroid extract is of short duration, not over forly-eii;ht hours. When 
dihydrotaehy.sterol is used, the blood calcium does not bej-in to rise until after 
forty-eight hours, reaches a maximum in about one week, and tleercases in one 
to three weeks after its use is di.seontinued. When too much dihydrotaehy.sterol 
is used, the patient complains of asthenia, nausea, vomiting, headache, stupor, 
thirst, or .skin rash. The method of management of a i)atient under this treat- 
ment, with frecpient cheek on the blood chemistry or urine, is described by 
Albri'dit.= The urine test can ea.sily be |)erformed by the i)atient at home. 
Sulkowitch reagent is added to urine, and the observation of a line, white pre- 
cipitate with a normal excretion of ealeium is indicative of a normal blood cal- 
cium. If the solution remains clear, hypocalcemia is ])resent. In hypercalcemia 
the solution becomes milky with increased output of ealeium. 

Hypoparathyroidism causes low blood ealeium. high blood phosphorus, 
decreased excretion of calcium in the urine, and ]>ositive ealeium balance (lc.ss 
excretion than intake). What becomes of the ealci\uu that is ingested is a mys- 
tery, since density of the bones is not evident on radiologic examination. It has 
been suggested that the calcium is deposited in the tissues. As the blood cal- 
cium goes down, the pho.si)horu.s goes uj), and vice versa, so that it is nece.ssary 
to decrease the blood phosphorus by a diet low in ]>hos]ihorus in order to facili- 
tate raising the calcium. While dihydrotachysterol raises the blood calcium, 
it does not mobilize the calcium in the blood by removing it from the bones, as 
is the ease when parathyroid extract is used. Dihydrotaehy.sterol will not pre- 
vent or cure rickets as irradiated ergosterol does, so tluit the latter is necessary 
to improve bone (piality. It is better, therefore, to euiid)ine vitamin 1), calcium, 
and dihydrotachysterol in the treatment of parathyroprivie tetany. 

The dosage of dihydrotaehy.sterol is not well established. It varies with 
the amount of the gland removed and the degree of regeneration. If all para- 
thyroid tissue has been removed, the do.sage is more constant. Adams' reported 
a ease of short duration following subtotal thyroidectomy in which the patient 
was symptom free on 1 c.c. twice a week. Newmaif’ reported a case of para- 
thyroprivic disease with tetany of seven years’ duration in which 1 c.c. of 
dihydrotachysterol daily was nece.ssary in spite of the fact that the blood cal- 
cium ranged from 8 mg. to 12.6 mg. for each 100 e.c. of blood before treatment. 
The use of the drug in idiopathic tetany^' ^ and scleroderma" is .somewhat dif- 
ferent from that following accidental removal of the jiarathyroids. 

The case presented here is unusual and interesting for the following rea- 
sons; (1) absence of parathyroid tissue and the appearance of tetany any time 
treatment is discontinued; (2) dosage of dihydrotachysterol; (3) persistence 
of considerable laryngeal stridor even with a blood calcium of 9 mg. ; (4) fur- 
ther improvement of laryngeal stridor with thyroid extract; (5) decaleification 
of jawbone ; and (6) injury to the recurrent larjmgeal nerve. 



UAIiOIXG: I)IHVl)I!OTAUIIYSTl-:i{OI< IN I'AHATIIYHOI'UIVIC 'I'KTAXy 


499 


Uia’OKT OF CASK 


Thu jiatiunt, a suliooltcauUci-, uf;od K. years, was referred for treatment on August ‘JO, 
1939. She complained of cramps in her arm.s and hands. During the spasms .slie could not 
straighten out her liands and lingers. There wa.s extreme weakness with the attacks whjclx 
ivcre relieved only by an injection of parathyroid extract about every other day. Slie talked 
mainly in a whisper, but occasionally made rather high-pitched noises. Nervousness and 
irritability were pronounced. Her ankles were slightly swollen. 

She gave a history of thyroidectomy in July, 1928. In June, 29.19, a large adenoma 
was removed frotn the region of the right upper part of the thyroid, in which was imbedded 
the right upper parathyroid. The tetany first appeared following the latter operation. Other 
operations included tonsillectomy, appendectomy, uterine suspension, and a few dental 


extractions. 

Slie stated that the goiter had originally appeared during puberty. Following thyroid- 
ectomy she felt well until 19:12, when she had a nervous breakdown. The history from 1932 
to 1939 was supplied by several doctors who had treated her during that period. The fol- 
lowing basal metabolism readings were recorded during these years : 1932, +31, +24, +10, +15, 
+2S, +30; 1933, +2(3, +2(3; 1934, +25; 1935, +14, +4-4, +35; 193(5, +31, +39; 1937, +19, +19, 
+24, +2S; 193S, +30; and 1939, +35, +44. The Wassermann test, urinalysis, and blood count 
were normal in 1934. A small mass became evident in the region of the upper half of the 
right lobe of the tliyroid, and continued to increase in size. The patient presented symp- 
toms of exhaustion, nervousiies.s, pounding of the heart, protrusion of the eyeballs, loss of 
weiglit, and slight tremor of the fingers. Her pulse rate varied from 100 to 140; her blood 
pressure was 130 systolic and 75 diastolic. The menstruation was regular every twenty- 
eight days. The diagnosis was made of chronic nervous e.xliaustion, with adenoma of the 
riglit lobe of the thyroid and mild hyperthyroidism. Removal of the adenoma was advised 
by several doctors, but the patient preferred medical treatment and was given Lugol’s solu- 
tion, sedatives, and other treatment at various times until she submitted to removal of the 
adenoma. 

Piiysical e.xamination on the first visit here was essentially normal. The scar on the 
neck was slightly tender. The pulse rate was 84. Medication for each day consisted of one 
vitamin ABDG capsule, 0 tablets of calcium gluconate of 15 grains each, 6 tablets of desic- 
cated parathyroid of 0.1 grain each, and 00,000 TJ.S.P. units of irradiated ergosterol. She 
was receiving parathyroid injections about every other day. 

In September, 1939, dihydrotachysterol, 1 c.c. every three days, was added to the treat- 
ment and later increased to 1 c.c. daily, since the blood calcium was still 7.5 mg. for each 
100 c.c. of blood. The patient was started on. a high-calcium, low-phosphorus diet. The 
parathyroid injections were decreased to two a week and later to one a week. She began 
feeling stronger and gaining weight and was advised to start walking for exercise. Her 
basal metabolism was +12, her urinalysis was negative, and her blood pressure ivas 88 sys- 
tolic and 60 diastolic. 


In October she was much better, and showed some improvement in the voice and no 
■swelling of the ankles. Since she was markedly nervous it was still necessary for her to rest 
all the time. With exercise the muscles between the shoulders would cramp, but there was 
no definite tetany; she had discontinued the parathyroid injections and tablets, as well as 
the irradiated ergosterol. At night during sleep she made sounds resembling coring that 
kept her husband awake. One-half grain of phenobarbital at bedtime was prescribed Her 
blood pressure was 98 systolic and 68 diastoUc, her blood calcium was 9 mg., and her basal 
metabolism rate averaged —9. 


In November and December she showed general improvement, but as her voice imnroved 
the breathing noises at night increased. She tried reducing the diliydrotaehysterol from 15 
mmims to 10 minims daily, but her condition became worse and she had to resume takin<r 
1 C.C. daily. Daily urine tests with the Sulkowitch reagent were started, and there was a 
fine, white precipitate most of the time, although occasionally the urine was clenr nr il 
Her blood calcium ivas S rag., her basal metabolic rates were -10 and -05. 1,, 

4,270,000, hemoglobin 74 per cent, and the urinalysis negative Her uv.Vriif ’• ^ 

pounds. The hair on her legs, head, and evebrows S ]!; t ! S' ^ ^creased to 147 
darker. One-fourth grain of thyroid was added to the treatment. 
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In Jnuuarv nud February, 1910, .4ie showed {general slu''i;i.shne.~s, with some erami-s in 
the legs and some shortness of breath. Her blood i.re.ssiiie was 100 .sv.^lolie and OS ‘Oa-'to>“b 
her blood calcium was 8.3 mg., her puLse rate wa.s 70 to 8ti, she wrighisl JoliA pouml.s. 1 le 
urinalysis was negative. Tlie tliyroid extract was increased to 0..', g.ain .lady, blie duscon- 
tinued taking vitamin 11. By March her voice had improv.'d coasidmably. It was tell tliat 
the recurrent laryngeal nerve Iiad regenerated, but there was now a loud crowing no.se on 
inspiration and shortness of breath on climbing stairs. She stopped taking the thyroi.l 
e.xtract, since she thought that she felt better without it. An electrocardiogram showed 
marked myocardial damage. Urinalysis was normal. She was a.hi.sed to continue resliug 
and to eat more fruits and vegetables and le.-s of fattening foods. .V postcard tirrived in 
April, 1940, stating that she had stopped the dihydrotachystcrol tor ten day.-., but had a 
bad attack of tetany and had to take an injection of parath\ roiil. She had sev.-re cramps, 
and could not straighten out her hands. The dihydrotachystcrol was resuiacl. 


The patient was not heard from again until .Inly. The ilrops had been di.scontinued 
for three weeks. The tetany with carpopedal spasm hail rcaiipeared. and she had ditllculty 
in breathing with loud tracheal stridor. A few injections of paraihyroid helped to relieve 
the cramps, but there was considerable weakne.-s and nervousiu'ss. Slie was idaced in the 
hospital where she remained for two wavks. She made an uneventful recovery on 1 c.c. of 
dihydrotachystcrol daily. Examinations by a surgeon, otolaryngologist, and neurologist 
were all essentially normal. The vocal cords were functioning noriaally, and till agreed with 
the diagnosis of tetany and laryngeal stri.lor due to paitithv roprix ia. The eye.s were tested 
and glasses wore fitted to correct a slight visual disturbance. 

On the day the dihydrotachystcrol was resumed, the blood calcium was j.J mg.; a few 
days later it was 7.2 mg., with 0.3 mg. of phosphorus. The hemoglobin was 09 per cent, red 
blood cells 4,380,000, color index 0.8, white blood i-ells 9,000, platelet.^ tind dilTerentiul cells 
normal. The temperature ranged between 97.4° and 99° F.. usually slightly subnormal. In 
August the calcium tablets were discontinued, and two teaspoonfuls of powdered calcium 
gluconate, three times daily, were given in their place. Marlied laryngo.spasin and tracheal 
stridor continued in spite of this, although both .symiitoms improved to some extent. The 
urine tested with Sulkowitch reagent was always milky. I'ental x-ray examination showed 
some decalcification of the jawbones. A roentgenogram of the spine showed no general 
decalciflcation. The blood pressure was 110 .systolic tind 72 diastolic. The ba.sal mettibolie 
rate was -27. 

In September the patient was much better; .she looked rested and felt stronger, but 
she still had dyspnea with loud inspiration noisc.s. When she was a.sleep, her breathing 
could be heard all over the house. ^Menstruation was still regular every month. Foods con- 
taining phosphorus were eliminated from the diet. Irradiaterl ergosteiol, 3,300 U.S.P. units, 
was given after each meal. Blood calcium was 8.5 mg. At the beginning of the second 
week in September, 1 grain of desiccated thyroid was given daily. Blood calcium was 7 mg., 
and blood phosphorus was *4.1 mg. The pulse rate was 80, and the blood pressure was 100 
systolic and 72 diastolic. 


On Monday, Septendrer 10, 19-10, the patient wa.s feeling much better and started to 
work. By September 20 she was feeling stronger, although she had finished one week of 
work. She was breathing easier and with much less noise. Her pulse rate was 80. On 
September 27 she was feeling very well; she had no dyspnea and no stridor at all when 
sitting, and only slight musical noise on inspiration during exorcise. At tlie end of the 
second week of work she felt she had succeeded in her effort to get back on the job. This 
was the first time she had worked since June, 1939. Buring October she still continued in 
relatively good health. Iler blood calcium was 8.3 mg. and her blood phospliorus was 5.3 mg. 


DISCUSSION 

111 the case just presented, the laryngeal stridor was tlie most diftieiilt 
sjmiptoin to overcome. It was necessary to give intensive treatment with a 
combination of drugs and diet to improve the calcium metabolism before im- 
provement occurred. The dihj diotachyslerol relieved tlie irritability and spasm 
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of the muscle.s, and the tliyi'oid improved llie inuselo tone and use. These two 
drugs were the most useful in the treatment of tlie case. It was necessaiy to 
keep a close check on the diet. The dosage of all medication essential to create 
and to maintain a stale of good health was larger tlian expected. The treat- 
ment was expensive, since the monthly allowance of 30 c.c. of dihydrotachysterol 
plus the other drugs averaged aliout $20.00. 

A milky urine when tested with Sulkowitch reagent did not mean that 
hypercalcemia was present. When larger doses of calcium were given by mouth 
to this patient, the urine lest was always milky, although the blood caleium was 
only 8 or 9 mg. for each 100 e.e. of blood. The patient is going to try to take 
le.ss of the caleium gluconate witli the same amount of the other drugs since she is 
probably taking more calcium than is neccs.sary for maximum improvement. 
Of coiu'se, there is no danger of a high blood calcium if the urine is clear or 
slightly cloudy. The test is of diagnostic value before treatment, and it can 
be used during treatment if smaller amounts of ealeium are given. When the 
urine test is milky, a blood test is necessary to determine the exact level of the 
blood calcium. 

SUAIAIARY 


The treatment of a ease of jiarathyroprivic tetany with injury to the recur- 
rent laryngeal nerve is presented. The recurrent lai'jmgeal nerve regenerated 
in a few months, but the deficiency in parathyroid hormone continued after 
one and one-half years, ilaximum improvement was brought about only after 
intensive treatment with a low phosphorus diet, caleium gluconate, irradiated 
ergosterol, dily’drotachysterol, and tlyroid extract. Dihydrotachysterol raised 
the blood calcium, prevented the tetany, and partially decreased the larjuigeal 
stridor. The thjToid extract raised the basal metabolism and further improA'^ed 
the laryngeal stridor. The minimum dosage of dihydrotaclysterol Avas 1 c.c. 
daily. There Avas decalcification of the jaAA'^bones, but no general decalcifiea- 
tion of the skeleton. 
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THE COilPARATIVE PIIVSIOJ.OGIC VAfA’E OF LVJECTKi) 
CAROTENE AND VITAMIN A^ 


Jane G. Lease, Ph.D., E. J. Lease, Pii.])., II. .Steenuock, Ph.I)., and 
C. A. Bai'mann. Pii.J).. Madison. Wis. 

|\/fsVN\ workers have oliserved that .-arotene or viiaiiiin A iiiav he liiologieailv 
iVA active when injected into exiieriincnlal animals ( Wollman’ and VoMiano-’ 
kodi„c and Me, Kid r Wolff, a,.,| van IMden- von Knivr and 

Rvdboni, Rydboni;-' Gordon and Tithcriiniton Clin and Coadv'-" 1 -isch •’ 
Greawes and Schmidt;- - Giiilhcrt and Hart:- M'ilson. AInnad, mid rthginn- 
dai , 1 hilhps and Bohstedt'*). Parenteral carotene ;ind vitamin A have also 

been reported to be effective in human therapeutics (Ble-vad-- Rdmund-''- 
Bloch;-- Buschke;- Josephson and Freiber.er- 1 . Hou;!;. thm' " al^o 

abundant eudence tliat in.iected vnamni A is not always erticientiv utilized. 
Funk- stated that vitamin A jriven parenterally was without any activity, 
^oilman and Vogliano observed that repeated injections of cod-liver oil or 
butter oil were not tolerated well, since no growth resulted until after injec- 
tions were stopped. 

Koohne aiKl MedoP ol,»,-v,d only Uo,,, ,.,.„.is,Hio„ of doliotavv 
.symptoms ivitli the accumulation of much foreign fat at the site of inieetioii 
when butter oil or cod-liver oil wore injected into dejileted rats Von Filler 
and RydbonV found that 0.050 iiig. of carotene injected daily was inadequate 
lor growth 111 depleted rats, altliouirh nuici, smaller amounts iriven orallv were 
known to restore growth. C'lui and Coadi- also reported better result's with 
carotene givmi orally than with that given parenterally. Drummond and co- 
workei^---^ tailed to hud any storage of vitamin A in the livers of rats and cats 
when carotene, emulsified in glucose solution, was injected inrravenouslv In 
one experiment with rabbits, liowever, some vitamin A was stored This’rel-i 
tive inertness of parenteral carotene has also been observed bv Ahm-id G, 
and Malik-^ in their work with rats and doss. ‘ * ’ * ’ 

Furthermore, preliminary experiments of our own indicated that injected 
carotene was not converted into vitamin A cfficientlv. Rats with stores of 175 
blue units per liver were fed a fat-free diet, and then given intraperitoneal 
injections of large amounts of an aqueous suspension of colloidal carotene No 
vitamin A could be detected in the livers after five weeks, although much caro- 
tene was found at the site of injection, adherent to the liver. 

Parenteral administiation of vitamin A sometimes appears to be indicated 
in hum an therapy (Blegvad;- Bloch Gordon and Titherington ;« Ediiiimd 

Wisconsin Asricultur.n Expo.i.,.c„t 

Eeceived for publication, December 4, 1910. 
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and (Jlemosfii FinUel.stone, Howard, and Paris;-' Decourl;-’ Buschke;'* 
Josephson and FrcihcrKcr'"). However, experimental data on tlie relative ef- 
ficieneies of the various means oi administration arc lackin'^ even with animals. 
We have, therefore, carried out exi)eriments with rats, using several biological 
criteria, such a.s cure of oi)hthalmia, duration of cure, and growth and survival 
time, together with data on the carotene and vitamin A content of the tissues. 


Mi:'riioD.s 

Kats 3 weeks old and 35 to 50 Hm. in weight were fed a basal ration com- 
posed of casein (heated at 05° C. for fourteen days) 18 per cent, Osborne 
and :Mendel salt mixture (as modified by Hawk and Oser-") 4 per cent, brew- 
er’s yeast 7.9 per cent, irradiated brewer’s yeast 0.1 per eent, hj-drogenated 
fat® 10 per cent, and sucrose 60 per eent. Food and water were given ad 
libitum throughout both the preliminary and experimental periods. Supple- 
ments of carotene or vitamin A were administered when the animals .showed a 
loss in weight and the initial stages of ophthalmia. The supplements were 
given in the form of colloidal water suspensions or a.s oil solutions. . Both Avere 
fed as well as injected. The amounts given ranged from 75 to 1,500 yxg. The 
volumes of the doses did not e.xcced 0.25 c.c. for the oil solutions, and 1 c.c. for 
the colloidal suspensions. A detailed account of the various doses administered 
is given in the tables of results. In the evaluation of the biological response 
primary emphasis was placed upon the cure of ophthalmia because of the possi- 
bility that repeated injections might interfere with growth'.' At the end of the 
expei’imental period the animals Avere killed and the ti.ssues AA-ere anaij'zed for 
carotene and vitamin A. 

The aqueous colloidal su.si)ension.s of carotene Avere prepared by sloAAdy 
adding carotene in acetone .solution to hot (90° C.) AA-ater agitated with a stream 
of nitrogen. The preparations Avere made fresh every three days and filtered to 
remove visible particles. A similar procedure Avas used for the preparation of 
aqueous colloidal sohitions of vitamin A. The source of vitamin A Avas halibut- 
liver oil.f Its unsaponifiable matter Avas dissolved in methjd alcohol, chilled to 
-10° C., and filtered. The filtrate Avas dried under nitrogen and reduced pres- 
.sure, then dissoBed in acetone, and sloAA'ly added to hot (90° C.) AA'ater agitated 
AA'ith nitrogen. 

For its quantitative determination the carotene Avas taken up in chloroform 
and the intensity of absorption Avas measured at 485 and 460 m/x in a Bausch 
& Lomb spectrophotometer. Animal tissues Avere first dissolved in 8 per cent 
potassium hydroxide at room temperature overnight, and then 2 volumes of Avater 
AAuth suf6cient alcohol to make a concentration of 15 per cent alcohol AA'ere added. 
The carotene Avas extracted Avith peroxide-free ether, the extracts Avere Avashed 
with water and evaporated in vacuo, and the residue was dissolved in chloroform. 

A similar procedure was employed in the preparation of e.xtracts suitable 
for the determination of vitamin A by the colorimetric method of Carr and 
Price."® 


•■Spo-.*-^ fats marketed under the trade name 

.Vhbotri!ix\iVa"oJ?lVs‘;''‘^'' " --mercia. brand known as Haliver Oil. furnished by the 
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PAUlvXTKKAO AU.MIXI.STHATIOX OF CAHOTFNK 

(a) Physiolouw Pcqmremcnts.—Whon a<|iie<>ii,s folloidal earo(c;ic uus in- 
jected lu amounts equivalent to 375. 750, or 1,500 y., weelc, ophtlml- 

nua ^yas cured and growlli was restored (Ta))le 1). Growth was enunlly -mod 
witii injeotions ot' 750 or 1,500 yig a week, with an appi'o.ximate gain of Go'chn. 
m weight ni lave weeks. TJiis was al.so the rate of growtli ohserved wJien 75 a-' 
01 colloidal carotene were given weekly hy.sUwoioh tube or ivhen 7 y.g of carotene 
were ted in oil solution hy dropper. Thus, the amount of carotene’ nece.ssarv to 
produce a given biological response may vary by over a Jnimlredfold, defiending 
upon tile mode ol administration. Le.s.ser amounts of carotene produced le.s-scr 
gams in M'cight, e g., the intraperitoneal injection of 375 yg of colloidal carotene 
per iveek resulted m a gain of only 37 a.n. in five weeks, wliereas 75 yg per 
week tailed to restore growth, to cure ophthalmia, or to maintain life At our 
levels ot administration (Table I) no ditVcrcnce in the respon.se of animals in- 
jected subcutaneously or intraperitoneally was noted. Purtherinore, carotene 
injected in oil appeared to he as elYective as colloidal carotene. TJie presence of 5 

per cent of glucose in the susjicnsion of colloidal carotene failed to a/fect the 
results in any way. 

T.VUI.K I 

ErcKor of Cacote.vk Admi.si.stkcki) i.v V.miioc.s U'.vy.s 


I.EVEI. OP 
CAUOTEXE 
OU’E.N' 

(ms/ 

WK.) 

MEDIUM 

•METHOD OP 
ADMINISTlS.VrioN 

avei:a(;k 

<.AIN IX 
UWf.'IIT 

.\r 5 WK. 

(UM.) 

1,500 

Water 

(a) Parenteral* 
Intraperitoneal 

(52 

1,500 

Water 

Subeutaneou.^ 

Ik) 

750 

Water 

Intraperitoneal 


750 

Water 

Subcutaneous 

(52 

750 

Water 

(gluco.«e) 

Intraperitoneal 

(5!) 

750 

Oil 

Intraperitoneal 

07 

.■{75 

Water 

Intraperitoneal 

«> i 

75 

IVafer 

Intraperitoneal 

•Vll (lead 

75 

Oil 

Intraperitoneal 

Ail <lt*ad 

750 

Water 

("b) Oral 

Stomach tube 

91 

75 

Walter 

StonuK'li tube 

5.S 

7 

Oil 

Dropper 

(51) 

*At least 3 animals were used at 
tSome carotene was also found in 

each level, 
the inesent 


AVKK.Ua; CAlIOTK.VK 
IS l,IVKI! .\T 
W.-ATll (ufi) 


•'liiS (-Jll to oOT) 

nic, ( M to 
KSj file to L'tt!) 
I2.‘» (US to Ul) 
IS4 (FJO to 27.1) 

■15 ( to S7) 
-l-l ( (■> to no) 

5 (trace to 15) 
S (trai'c to 11 ) 


AVKII.UiB CAUOTESE 
AT SITE OP 
l.VJKCTIO.V (Mg) 


I,!5e7 (1,005 to 1,000) 


I, Slid 
750 
otS 
01.0 


(l.uliO 
( 5S5 
( ISO 
( 570 


to 2,220) t 
to l,0;i0) 
to (iOO) 
to tioS) 


1.700 (1,155 to 2,110) 
■10 ( 13 to 75) 

•f f 2 to S) 

15.'! ( 11.5 to 220) 


The potouey of eolloidal crolcne -ivoi, demonstrated 

by the amount o± growth elicited, but also bv the fact tint 7',n • . 

week foe flvo weeks ..e.wlled in the Itopatie of Wno n.dm S' vdom' 

A. By way ol controet the mjcet.o., ot 1,500 y.. „r eolloidol earoleoo feiled " 
yield any stores of vtlamm A. Caroler injoetrd in oil likowiao failed to timlueo 
stores of vitamin A. 

Injected carotene however, accuimilated in lacge amoin.ts in tissues other 
than the liver. Both the amount and the location of these deposits depended uiion 
the method of administration. After intraperitoneal injection, carotene was 
found in the omentum, mesentery, lymph nodes, and in the abdominal fat and 
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iiieiiibranos .siUTouiuliiiu; (ho livor. Alter suhcutaiieous injection, carotene was 
found in similar areas and also at the site of injection (Table I). Oil solutions 
of carotene given intraperiloneally remained in the abdominal cavity for a 
considerable period of lime, and much less carotene migrated to the liver than 
after the injection of the colloidal pi’eparation (Table I). Ajjparently carotene 
was treated in part as a foreign substance because young rats injected with India 
ink showed a distribution of carbon jmrticles similar to that of carotene. The 
presence of carotene at the site of injection has been reported previously (van 
denBergh, IMullcr, and Broekmeyerf' Rydboni;-' Rea and Drummond Wilson, 
Ahmad, and IMajumdar'-)- 

Taulk II 


^\^VAILAUILITY OF CAHOTKNK DEPOSITS FOltMED BY PAIlEXTEllAL AdMIXISTRATIOX 


TOTAL 

CAUOfEXE 

GIVEN (/ig) 

MEDIA 

ilETUOI) OP 
ADMIXISTRATIOX 

DAYS TO 
UEAPPEAR- 

ANCE OF 
OPHTHALMIA 

DAYS TO 

MAXIMUM 

INCREASE IN 
M'EIGIIT 

DAYS OF 
SURVIVAL 



Parenteral* 




1,250 (in 5 days) 

Water 

intraperitoneal 

30 

22 

39t 




(25 to 31) 

(16 to 34) 

(28 to 63) 

1,250 (in 5 days) 

Water 

Subcutaneous 

25 

21 

37t 




(21 to 30) 

(13 to 31) 

(28 to 54) 

1,250 (in 5 days) 

Oil 

Intraperitoneal 

36t 

38 

39 




(SI to 38) 

(25 to 51) 

(20 to 58) 

250 

AVater 

Intraperitoneal 

16§ 

11 

16 





(9 to 13) 

(5 to 26) 



Oral 




1,250 (in 5 days) 

AVater 

Stomach tube 

7111 

50 

90 




(61 to 81) 

(36 to 58) 

(54 to 110) 

50 (in 5 days) 

Oil 

Dropper 

26 

21 

30 




(21 to 29) 

(11 to 29) 

(24 to 36) 



Parenteral 




Had been 






.375 y of carotene 

Water 

Intraperitoneal 

21 

7 

28 

per week 



(15 to 23) 

(3 to 9) 

(20 to 35) 

750 7 of carotene 

Water 

Intraperitoneal 

20 

17 

33 

per week 



(15 to 28) 

(8 to 34) 

(21 to 57) 



Oral 




75 7 of carotene 

Water 

Stomach tube 

29 

13 

45 

per week 



(24 to .34) 


(26 to 64) 


•At least 4 rats were used at each level. 

tSome rats were killed when losing weight and showing severe ophthalmia, others died. 

tTwo rats died without relapse of symptoms. 

§Two rats showed no remission of ophthalmia; another died without relapse of symptoms. 

liOne rat died without relapse of symptoms. 

(b) Availability of Carotene De/josffs.— The presence of large deposits of 
injected carotene raised the question of their availability. Accordingly, rats 
were given large injections of carotene and were then continued on the basal 
ration Avith observations on growth, cure of ophthalmia, reappearance of ophthal- 
mia, and time of death. Details of dosage, mode of administration, and results 
are given in Table II. The liver and various other tissues were analyzed for 
carotene. 

Animals that were given 5 injections totaling 1,250 yg of carotene -rew 
tor a short time, and their ophthalmia disappeared (Table II) but Avithln n 
month ophthalmia reappeared with loss of weiglit until death supervened. In 
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all eaiies uiuitilizod earoteiio was foinul n, j- 

(Table III). Animals injected with onJv ‘>10 injeelion 

therapeutic response, but de]msits of c-jrofe,',,^ variable in 

No essential difference in result was obi-ii, 1 * at death. 


Taiu.i; Iir 


CAf!OTE.\f: PoexD i.v Bits \fTvi- iv,,. 

itAT.s Anu. Injection- or Le.jo Oiutr, - 

... FIVE-D.CY I’Ki-MD- VI tACOTENK OVEII A 


Method ok 
AD illNISTC-VTION- 


lutruperitoneal 

Intraperitoneal 

Subcutaneous 


Subcutaneous 

Intraperitoneal 


media 


tVater 

Water 


Water 

Water 


Oil 


•rniE AKTEii 
f-v.sr 

IN-JECTIOX 

(DAY.S) 


^0±1 


.■!0±I 


TOTAI. CAl’.OTEN'K 
I-V uva: (^,^) 


»;> 

(10 to 72) 


OO 

(•( to 02) 


caeotene at site 
OK IN-JECTION- (Mg) 


■'W±f 


11 

(S to 15) 

•t 

(traces to IS) 


*Each value ia un avermr.-^ r./ o " 

Mnonars baa a.oa or vit^intn 1 


Hi 

(trace.s lo 


J17 

(lot to 1S5) 
(35 

(.s to 121) 


l.'iS 

(!-’■ to 1,51) 

.to 

(1 to 1S2) 


2ti7 

{1-’''.S to :5,52) 


To determine whether lai-m denositc- , 

biologically than small deposits, wo used tZ'f ' effective 

370 or 750 ,g of carotene iveeldy r ' 

935 Mg in the latter (Table I) as compared h^j iiveragetl 

only over the five-day period (Table HI) v • * «nhnals injected 

two groups of animals wa.s e.s.sontiallv tb \ Ihe behavior of the 

on the basal loiv vitamin A diet. The rcstor- i**^' continued 

ophthalmia were temporary, and death occ r, 

days m both groups. jVpparentlv the accut.nd-u ‘ thirty-thi-ee 
unavailable. No carotene was fotind in ho u jo pntctically 

" tvce.s after its injec-tion. 


ments 


PABEXTimAL AnMIX..STK.vnoX OF V.TAMLX A 
In view of the inefficient utilization n^■ ■ • 

ts were performed witli vitamin A. carotene, parallel experi- 

(a) Phlisioloriir. 


(a) Physiologic licquirements Vit-iinin » 

colloidal suspension or as a solution of halibut «Tivou.s 

hundred and fifty blue units injected weekri'! f- oil. Seven 

growth, cured ophthalmia, and produced hoi^(L ^tomaeh tube restored 
were essentially the same whether the colloid) f (Table IV). The results 
cutaneously or intraperitoneallj^ or fed bv simn sub- 

was injected in oil solution, however, soLJZ ttl 

when the colloidal vitamin was injected. ^ resulted than 

j\. general consideration of all the re< 5 nif 
efficiency of injected vitamin A was approximTtL^^^^'‘"'f'^ indicated that the 
given orally, as judged by the criteria of -rowtli p/ vitamin A 

storage. At lower levels of administration 30 am/'v^ 

on, cto and 75 blue units per week tiie 
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liiologival I’cspoiuso dependod to some extent on tlie vehicle in M’liicli tlie vitamin 
was administered and also on tlie nietiiod of administration. Aqueous colloidal 
vitamin A was more effective when iipjected than when given orally (Table IV) ; 
oil solutions, on the contrary, were more effective when given by mouth. 

Table IV 


Effect of Vitamin A Abminlsteueu in Vaimou.s AV.vys 


I.KVKL OK 

VITAMIN’ .V 

GIVEN' 

(il.U./wK.*) 

MEDIA 

METHOD OK 
ADMrN'ISTlt,VT10N’ 

AVEflAGE GAIN' IN’ 
■WEIGHT AT 5 WEEKS 
(GM.) 

AVERAGE 

HEPATIC 
STOKES (B.U.) 

750 

AVater 

(a) Parenteralt 
Intraperitoiioal 

59 

386 


AVatcr 

Subcutaneous 

70 

358 

750 1 

Oil 

Intraperitoncal 

115 

196{ 

75 

AVater 

1 11 tra peritoneal 

52 

0 

30 

AAhiter 

Intraperitoncal 

21 (1 (lead) 

0 

30 

Oil 

Intraperitoncal 

14 (2 dead) 

0 

750 

AA'^ater 

(b) Oral 

Stoniacli tube 

675 

412 

75 

AVater 

Stomach tube 

-12 (2 dead) 

0 

30 

AVater 

Stomach tube 

-10 (2 dead) 

0 

30 

Oil 

Dropper 

63 

0 


B.U. = Blue unit 

•The vitamin .V was administered three times weeki.v for a five-week period. 
tEach value is an average of t or more rats. 

tSome vitamin A and oil from the abdominal cavity were unavoidably included. 
§One rat responded poorly throughout the experimental period. 


The foregoing results may be rationalized on ttvo assumptions : first, that 
colloidal vitamin A is relatively unstable to the acids of the digestive tract; 
and secondljq tliat the vitamin is more readily mobilized from the injected 
aqueous suspension than from an injected oil solution. The colloidal Autamin A 
was presumably present as the alcohol as a result of previously saponifying the 
halibut-liver oil, which contains the vitamin in the form of esters (Hielonan^^’ 

This fact may be noteworthy liecaiise vitamin A alcohol and ester are reported 
to have unequal biological activities Avhen gAen by mouth (iloll and Eeid^^). 
It is of interest that Gordon and Titherington® obseiwed that vitamin A Avas 
somewhat more effective on parenteral administration than Avhen given orally, 
Avhereas Greaves and Schmidt'" reached the opposite conclusion. 

In contrast Avuth carotene, most of the injected vitamin A accumulated in 
the liver rather than at the site of injection. For example, Avhen 750 blue units 
of colloidal vitamin A Avere injected intraperitoneally and Aveekly for five Aveeks 
105 to 140 ruiits remained in the peritoneal cavity, and 386 units appeared in 
the liver. On subcutaneous injection 20 blue units remained at the site of injec- 
tion, and 358 units appeared in the liver. Injected oil solutions, however per 
•sisted at the site of injection or in the abdominal cavity. Lipoidal masses con- 
taining 1,125 to 1,797 blue units Avere found adhering to the liver although 
the liver tissue contained relatively little (Table H'’). ’ ° 

(b) Availabilit!/ of Vitamm A DepoAfs.-The question remained whether 
stores of vitamin A produced by injection could be utilized readilv, or ivhether 
hke injected carotene, they were inert. Deficient rats, therefore, weVe <^iven larle 
injections of vitamin A and then continued on the basal diet. NotaGons Aver! 
made on the reappearance of ophthalmia and the time of survival (Table V) 
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THE JOUKNAL OF LAI30KAT0KV AND CLIMCAE .MEDICINE 


Two luuulred and lil'ty blue unils of colloidal vitamin A administered in 
one dose M'cre insunfieieiil to jiroduce hepatic stores, although ophthalmia was 
eared and growth M’as promoted for a short time; following this, ophthalmia 
reappeared, groM’tli failed, and death i-esulted. The response was essentially the 
same M'hether the colloid was given suhciitaneously, intraperitoneally, or orally. 
However, a better response was obtained with injections in oil (Table Y). A 
total of 1,250 blue units of colloidal vitamin produced the following hepatic 
stores over a five-day jieriod: 142 blue units after intraperitoneal injection, 121 
units after subcutaneous injection, and 14!) units when fed by stomach tube. 

'I’.VIII.E V 


Av.\n,AiiiUTy OK ViTAJii.v .srouES ok Uvr.s' 


TOTAL 

VITA MIX A 

GIVEN’ (C.U.) 

MKOIA 

j 

.\n:Tiioi> OK 

APMINlSTUATIi>\' 

1 AYKiaOK DAYS TO 

i:kadi*kai:a.vck ok 

OPIITIIALinA { 

.SL'UVIVAL 

PKiuon 

(DAYS) 

1,250 (in 5 days) 
1,250 (in 5 days) 
250 (1 injection) 
250 (1 injection) 
250 (1 injection) 

"Water 

Water 

Water 

Water 

Oil 

(a) Uareuleral 

Intraperitoneal 

Siibrntaiieon.s 

Intraperitoneal 

Suhcutaiieous 

Inf r.-iperitoneal 

i 

70t (7(! to SI) 
i;i (11 to 93) 

27 (1.3 to dO) 

.37 { (.32 to 10) 
■191 (.31 to 03) 

SS (03 to lOS) 
S7 (71 to 113) 
3S (13 to 75) 

39 (15 to 09) 

02 (39 to SS) 

1,250 (5 doses) 

250 (1 dose) 

Water 

Water 

(b) Oral i 

.‘'tomaeh lube 
.‘Stoiaai’li tube 

53 f (17 to 00) 
21} ("13 to -10) 

71 (SS to 79) 

30 (IS to 62) 


•Each valuo Is an avorago of 1 or more rats, 
tone animal tUetl witliout relap.se of symptoms. 
tTwo animals died without rolap.se of symptom.s. 


gone animal sliowod no remission of ophthalmia. 


Despite the similarity in tlie stores produeod, the vitamin appeared to be more 
effective physiologically when injected than wlien given orally; injected animals 
lived for eighty-eight days as compared witii seventy-one days for those given 
the vitamin orally (Table V). Ophthalmia was deferred for seventy-two days 
in the injected animals as compared with tifly-tliree for the latter. At death 
no stores of vitamin A were found either in tlie liver or iit the site of injection. 
Vitamin A administered parenterally, therefore, was apparently utilized at least 
as efficiently as Avhen given orally. 

Sril.AIARY 

Rats deficient in vitamin A iverc injected intrai)eritoneally or subcutaneously 
with carotene in aqueous colloidal suspensions or in oil solution. Growth was 
rastored and symptoms of ophthalmia were cured, but the amount needed was 
ten to one hundred times as great, and the effect was less prolonged than wlien 
carotene was given orallj*. Parenteral carotene failed to yield stores of hepatic 
vitamin A even when 1.5 mg. were injected Aveekly for five weeks. Particles 
of injected carotene M'ere found at the sites of injection, and also in the livei’, 
omentum, and Ijmipli nodes in the peritoneal cavity. Carotene in these areas 
was only partially available to the animal, since deficiency symiptoms and 
death occurred while considerable amounts of carotene were still in evidence. 

Jlueh of tlie injected carotene could not be traced; it ivas not converted 
into vitamin A nor was it found in the excreta. 



















IS.nXTia) CAROTKSiC AND VlTAMlS A 


noi) 


vua..n ^ in co,.u». - n.n.=a 

as wl.an sivw ..ran.'- |,,sl wl.ai. s.vcn o.all>. 

t „hcn inicalcd; ail »>lnl'“nn ■ _ 

.V. ««. - --sr 

,le tills work posslbK. ..rri'IU'N'CKS 

Jh vUiiinWi ne ero..in..e A na„iin.tr.e par 
. AVoUnian, K., ai.a Vaug-;. ae bic^ Given Paronteraily, J- 

‘N^ilriti’on 1: Y"'!- j vnn Kekalen, AL: Ucbcr Carotin un 

=• i.»«n.la .1- vuaaa„»-is.».» ~a •- 

=''»""';S^,’lsU«r' „ ,. 

“■ ca,».e.. in -'.e of VU.„i. A 

*• .. o. .1,0 »f ssriii'^ii."” 

9. Greaves, J.D., and fee ^ 

•and Vitamin A "i Tarotene by Jaundiced and 

Physiol. U1-. -102, W- • r .V,; The 111: 502, 1935. 

10. Grcaves^T. D.. .'‘"‘^^^S'vUamin A Deficient Bat^ Am. Particular 

Phospliorus Tf eaten I Minimum V«amin .-v i 

11. Guilbert, H. ^•- ^catrte, -T. ATutrition 10: 109, Observations on the Aletab- 

V ther ainical Investigations 1“*° j ‘pig.® CWld!‘28: “sg, 1921- 

M. Mool.; Mclenoy In •'“ Am. j“ W>’ plnH- jaJotta lehnnadton Ml 

19. Joseplison, E. AI., and r^^^ 

.0 Punkt af The'vitamines, p._227._1022. ^ Carotene in 

®®"’ tt'l’nrmal OrgS, W X*^S:tgHcal Eelation Between Carotene and 

22. Biochem. Fate of Carotene Injected Into the Cir- 

23. Drummoml, E^C.,^am - ^ Introduced 

2- 


in 



o7 Carotene, Indian ”“r. “on' Parenteral A Vitamin Treatment of Dy^nptatio 
.... ......and C.. and «"^rin Gome Pregnant Women, Acta. med. Seandinav. 89. 69, 

rXvctalo-herneralopia) 

1030 1 T TT -md Paris il.: Intramuscular Injection of \ itamins 

07 . Pinkeistone, B. B., H^wird.^E H.^ Prcgmancy, Am. J. Obst. & Gynec 32: 113, 19-6. 

A and I) Concentrates U fa influenece par Pmgestion de vitamin A, mais 

28. Becourt, AI. -Ta °"\®“"“clUirw^ par 1 ’administration de vitamines A et D en injections 
considerablement amc ]^.p_ jg Pans 53: 248, 19a (. 

intramuhculaires, Eob. _ ^ Alodification of the Osbome-AIendel fealt Alixture, 

29. Hawk, P. B., and Oser, B. i^.. - 

Science 74: 309, 19al. 


510 Till-; JOIIK-N-AI. UF laiiOKATOKY AND OIAXIOAL MKUICIXK 

•■0 err F. H.. u..a l>n... H. A.: Color Kea.-Uo„s Attrihu,..,! ,o Vi.oonn A. Hiochonu X 

3K van S MuIKt. I>.. ^ « 

r- IIieknul''K''‘cr‘jA^‘'‘Tl'rh^ -i Vit:0.,i..s l.y -Mol.volor Di.stlIlut.o., -Nature 

t’ ??c'a: M<a..'ular Di..lllu.iou._ State, of tUo Vi.a.niu. ia Curtain Fi>h Liver 

f \VirU.an.k..it vo,. Vitatnin A-Kun.eatraten 

i^^’lEwitu, /l"l.r!‘V pltyMoi. Chon.. 2G0: 0. llKtO. 


THI^ influence of a PAKOTIl) EXTRACT OX THE BLOOD SUGAR 
AND STRUCTURE OF THE PA.XCREAS OF THE UAi“ 


WlU.lAM B. BlIt.VKltAXT, .M.S., AI.D.. XlAV X. T. 

A..^..>ISTKI) IIY ItKltKCCA Stl Vl'lJiO, .M.S. 


t-'UH role ot the parothl shiiiil in niitol.v, Irate metal, eiMm has heel, llie suh- 
T 01 eentfoverar. liloo .1 -aiains mihetaiaa, have l,ee,. ehtatne, 

front the iKirotul shtn.l h.v llilti a,..l riMvarltera,' Taltaes - 
liyno^lvceiuias following Hic injection ot other anil alcohol o^ 

olaml* Bivnkraut^ clemonstriitcd luarkctl hypuglyrcnuiis in rats following to ^ 
f Lntal ^ hypertrophy and 

1 -nl-isia of the islands of Laiigcrhans following bilateral parotulcotoniies 
T^I Z. ZZ Dobrzuuiedd. and Michalowski/' rep.irted dinunution 
of hyperglycemias following parotidectomies in dcjiancreatized dogs. Zihoidi 
and^Scollo* have also demonstrated u relationship between the pancreas ai 
ivivotid "laud in their c.xpcrinicntal animal work. 

There also has been some clinical evidence to suiiport a paroUd-pancieAs 
1 +• lAi.. Of FhmmV 27 patients with Iniateral hyi.ertrojvhy ot the parotid 
"llud ’fo had frank diabetes and 11 had incipient diahete.s He considers every 
° tip, it nreseiitiu" noninilammatory enlargements ot the parotid gland a 
? I Hr unless pi'oved otherwise. Kenawy”> found api.roxniiately 2 per cent 

^rSe poorer agriculture classes in Egypt .suffering from a eliroiuc. immless. 
of the pooiei a„ t,„iargement of the parotid gland. Ten per 

uonmfoctiouN no diabetics. All presented liilateral swellings. 

Ferretti'^ and Dobreff^' stated that hypertropliy of the parotid glands 
It a compensatory mechanism, i.c., the parotid glands take on tlio 
IS a resu ^ ^ncreas in some instances of hypoinsnliiiism. On the other 
function 0 and Dobrzaniecki and Jliehalowski interpreted their find- 

hand, th c anti-insulin parotid liormone. 

mgs on tne oa autJiors indicates a carbohydrate-regulating 

,VltW. t .e „ppa,-c..tly conllictiug vvpoi-t. mul op- 

Hiechamsm lem difficult a proper evaluation of tliis mechanism, 

posing intevpre a • therefore, imdertaken to determine the effects of 

ZTctsoTZues and on blood sugar levels. Blood-sugar raising sub- 

paiOtl ex riplamar Institute of Public Health, Columbia University. 
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siaiiees liavt* lieon prepaii'd Troiii tin* uriiio of iliahetic patients l)y Werdi ami 
Altslmlei-,'-" aiul by Harrow ami associates." In order to determine whetlier a 
relationship exists between tliese Ijlood-suirar raisinj^ .sult.stances isolated from 
the urine of dialjetie patients and tlie parotid extracts ttsed by the earlier work- 
ei-s. a parotid extract was prepared by modifying the method of Harrow and 
others in order to make it suitai)le for li.ssue work. 


i; X man m knta n tkc i i n i p rK.s 

(A) PrciMimtion of E.ctrucL — To 1,250 Gm. of fresh ground beeves’ parotid 
gland from wliieh the fat and fascia had been removed, 2,250 c.c. of distilled 
water were added. The mixture was digested for twelve hours at 10° C. in 
three-eighths its volume of 0.2 X sodium hydroxide, then filtered and centri- 
fuged. The supernatant Ihiid was acidified to pH 5 with glacial acetic acid. 
■Sixty cubic centimeters of !)5 i)er cent alcohol, containing 30 Gm. of benzoic 
acid, were added for eaeli liter of solution. The precipitate was sucked dry 
on a Buchner funnel, washed with alcohol and ether, dried in A'acuo and 
weighed (precipitate I, weight 132 Gm.). 

The crude extract was triturated with 12 c.c. of distilled water per gram 
and dialyzed at 4° to 10° C. for three days. The contents of the dialyzing 
membrane were evaporated in vacuo to a small voliune and centrifuged. TJie 
dried sediment (precipitate II) weighed 104 6m. 

To the supernatant fiuid from this centrifuged mixture, absolute alcohol 
was added to make a final 95 per cent solution. This solution was kept at 4° 
to 10° C. for thirty-six hours and then centrifuged. The sediment was washed 
with alcohol and ether and dried (precipitate III, weight 320 mg.). Precipitate 
III was composed of thin, highly refractile, monoelinic, tetragonal crystals, 
soluble in water and dilute alcohol, in.soluble in absolute alcohol and ether, and 
partially soluble in acetone. It turned brown and gummy on standing. 

(B) Blood Sufjar Ddenninations . — ^Precipitates I, II, and III rvere in- 
.jected intraperitoneally into male Long-Evans hooded rats, eight to twelve 
weeks old and weighing from 207 to 305 Gm. The rats were kept on a well- 
balanced constant diet. Blood samples were secured from the palmar veins. 
The modified mierocolorimetric method of Benedict’" was used for the simar 
determinations. This method determines nonfermentable substances equivalent 
in reducing power to only 4 to 8 Gm. of glucose per 100 c.c. of blood. 

For the glucose tolerance tests 1 Gm. of glucose per kilogram of rat weight 
was fed orally in a 50 per cent solution to the fasting rat. The rats were 
previousl}' conditioned to medicine dropper feedings. 

Six or more blood sugars were determined on each rat prior to the experi- 
mental procedures in order to establish normal means. 


EXPEROIEXTAL PKOCEDURES AXD RE-SULTS 

(A) Parotid Extrads.-l. Precipitate I. Seventy-five millirrrams of nve 
c.pitate I were injected intraperitoneally into four fasting rats" Seven 
later two of these rats were again hijeeted with the same^mount of extram 
and fourteen days ater one was reinjected. Fasting blood sugar levels were 
<ietermmed. and blood samples were .secured in one hour , 

twenty-four hours after injection. ’ hours, and 
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rreeipitate 11. Filty milligrams of piveinifuo TT 
pentoneally into each of ten rats daily for ci«dit d-ivs 4 intra- 

secured on the eightli day immediately prior to il,n ' .V^ 'dood avci-c 

hour, four-liour, and tivelve-lionr fasting samples weiT one- 

In one hour the blood sugars showed a 61 per cent avei-n^ 
hour sample was 26 per cent above the mean blood su'-t^. four 

of injections. Twelve hours after injection tlio s 


i-... ....... — uii; mean DJood su<>ai's m-' 

of injections. Twelve hours after injection tlio samc''\ • , sei'ies 

recorded (Table II). These average increases in blood increase was 

significant. statistically 
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Kiy:lU«cn I'lueo.so tok'nineu tests wcfe done* on 11 nils they hitd 

I'eeeivoil iroin one to twelve eonseeutive divily injeetious ot 100 uis^, ot i)ieei[)i' 
tale II (Tiil)le III). FasUni? blood samides we.eo secured iinmediatel}' hcl'ofc 
injection. Fourteen rats were injected with 100 mg. ot i)reeipiti!te II just 
prior to llie glucose tolerance te.st. I'’oviv rats were not injected iiumediatel.v 
piOor to llie le.st, but received theiv last injection twenty-four hours ])reviously. 
Tn-o te.s(.s were done ai’tm' one injection, two after three daily injections, eight 
after eight daily injections, four after nine daily injections, and t\co after 
twelve daily injections. 

T.ible hi 
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In order to control the resvdts eight gluco.se tolerance tests were done on 
vats not injected with the parotid extracts. Pour of these tests were done after 
eight daily injections of physiologic saline, and two after eight daily heef 
extract broth injections. Two were no) injected (Table IV). 


The results of the contra! rats c!ose!y .siiniilated glucose tolerance curves in 
normal human, beings. Practically all the blood sugar curves following the use 
of precipitate II presented a picture similar to that in diabetic patients (Table 
III). The one-half-hour samples of the latter ranged from 118 mg, per cent to 
585 mg. per cent, whereas the one-half-houi- sample.s of the control animahs 
ranged from 117 mg. per cent to 1.53 mg. per cent. The one-hour test samples of 
the rats in.iected with the ]iaratid preeii)itatD ranged from 155 mg, jmr cent to 
2T0 mg. per cent, whereas lhai of the controls ranged from 101 mg’ per cent to 
128 mg. per cent. In the one-and-onedmlf-hour samples blood smmrs raimin^ 
from 1.3.3 mg. per cent to 480 mg. per cent were obtained in the injected animals 
m compari.son to blood sugai-s ranging from 00 mg. pm- eenl to 13 1 !»..■ per tl-nt 
in the cantivl animals. All the two-houv blood sugars of the control •mimals 
were normal, whereas tiie two-hour .samples of the injected animals Vnnu-d 
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from 12G mg. i)er coni to 200 mg. per cent. Tlio lliroo-lmiir .s;niiplo.s from tlu‘ 
injected nninmls ranged from 10 1 ing, per cent to 272 mg. per cent ('rablo.s 
III and IV). 

Taiii.k IV 


Gi.ccu.si; Toi.ciianck Tk.st.s or Co.vTian. Bat.s 


K.\.T 

.AtEAN 

or SIX 
Bi.ooa 

r.ASTINU 

IlI.OOIl 

sro.AUs 

sni- 

STAXCK 

amount 

III.OOD SfCAU.S 

Kon.OU'I.S'fi I.V.IECITON 
(MO. Vc) 


PiUOK TO 
INJEC- 
TION'S 

VAYM 

(C.C.) 

li : 

1 JU:. 

I 

■ 

D| 

1 

1 m:, 

1 

1)0 

97 ± 5 

94 

Pliysiol. 

siilino 

umi 

mil 

120 

101 

99 

' S’* 

01 

101 ± 7 

102 

Pliy.siol. 

saline 

H 

i::o 

121 

121 

lO.l 

to:! 


90 + o 

115 1 

Pliysint. 1 

.saliiH' 

H 

l<jl] 

120 

mi 

no 

nn 

oil 1 

io:!± 4 

on 

1 'liyi.inl. 

saline 


1 1 .-) ; 

j 

12 S 

11.5 

120 

102 

•A<* 

«>o 

99 + 5 

117 

lii'of i‘.\lract 
lirotli 

5 


122 

1 1 .'! 

0 ) 

1 lilt 

4 

91 + 5 

79 

tlocf i‘.\trai 4 
lirotli 

■■ 

i:!i 

ns 

115 

1 

no 

ss 

O-t 

10 .j+ 5 


0 


117 

p/.-i 

12 -( i 

no 

01 

20 

10 S± 5 

■EOHi 

f) 

BH 

121 

101 

00 

97 

70 

Alciin 

99 i 2 

1 lOOi .5 


1 

l.Tli 1 

no: 1 

I n+ 5 , 

loo: 1 

0 .‘)± 1 


Taui.k V 


Gl.UCOSK 'i’OI.EllANCE TESTS 00 R.VTS I.VJEOrED WITH PlUIOiriTATE 11 E.'CCI.USIVK OE TE.STS 
SUOWJSO EX'nSE.MK OK .‘^ECOXDAliY PEAKS 


U.VT 

NO. 

NO. OF 
CONSEC- 
UTIVE 
OAILV 
INJEC- 
TIONS 

ilEAN or 
SIX BLOOII 
SUGAItS 
rmoK TO 

injec- 

tions 

FA.STIXO 

ULOOD 

SnJAKS 

FUEriPl- 

TATE U 
riaoi: to 

TEST 

(Mi!.’) 

ni.ooi) ava.uis roi.r.owiNo inje(tio.v 
(MO. Ve) 

((. III!. 

1 UK. 

RHH 

n 

B 

•19 

2 

14 

15 

7" 

40 

15 

01 

51 

15 

1 

1 

3 

3 

s 

s 

S 

8 

8 

.0 

97± 4 
93± 2 
82± 5 
100± 4 
10S+ 5 
93+ 7 
100+ 4 
101+ 7 
93+ 4 
108+ 4 

97 

94 

117 

100 

131 

140 

121 

148 

131 

1.30 

100 

100 

100 

100 

100 

100 

0 

100 

100 

100 

100 

1,S9 

171 

153 

207 

203 

191 

198 

191 

210 

J 0!) 
102 
178 
102 
270 
2.37 
171 
210 
250 

1 

202 

1.3!) 

129 

U6 

111 

200 

107 

110 

no 

10!) 

^^9 

Moan 

- 

97+ 1 

122± 0 


1S5 

±G 

203 
+ 1.3 

171+ 4 

100 

+12 

140 

+15 

Alean increa.se 
over control rats 





S4 

+14 

57 + 0 

(iO 

+1,3 

•15 

+18 

Per cent increa.so 
over control rat.s 


IS 


..S 

71 

50 

i)7 

•17 


Thx’ee distinct types of curves Avere obtained. Tlic most frequently en- 
countered (Table V) reached its peak Avithin one hour, Avitli an average 71 per 
cent higher than that of the controls. The blood sugars of the control animabs 
uniformly reached a peak in one-half hour. There Avas a 47 per cent increase in 
the three-hour samples over those of the controls-. The average of tlie tliree- 
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hour ))loo(I .siifriH’.s of tlio tosf uiiiiiiiils \vji.s Iiijjlior tluiii llinl of fheir fii.sting 
blood sugars; wliereas the average of tlie tliree-hour samples of the control rats 
was lower than the average of their fasting sanii)les (Tables TV^ and V ). All the 
avei'age increases in the blood sugars of the lest animals were statistically 
significant. 

The seeond type of curve was encountered in Rats 3, 55, and 14 after eight 
daily injeetion.s, and iii Rat 3 after nine daily injections. Extreme blood 
sugar rises from 304 to 5S5 mg. per cent were obtained in the one-half hour to 
the one and one-half hour samples (Table III). Sharp drops in the following 
saniplc.s followed tliese c.\ti-eme peaks. Secondary peaks in llie two- or three- 
hour blood .samples were encountered in the tolerance test of six rats. 

Although the majority of the tolerance curves paralleled the first type, the 
rat.s did not react constantly with any one specific type. 

3. Precipitate III. Five milligrams of precipitate HI were injected into 
seven rat.s. The mean of the blood sugai's one hour after injection was 57 per 
cent higher than that of the mean of 42 blood sugars prior to the injections, 
representing a highly significant increase. The mean of the three-hour blood 
sugars was 25 per cent higher than that of the control sugars (Table VI). 


Table VI 

Effects of Pf.ecipit.\te III ok Blood Sugars 


UAT XO. 

ilEAX OK SIX 

BLOOD SUGARS 

PRIOR TO 
IXJECTION'S 

AilOUKT 

INJECTED 

(MG.) 

BLOOD SUGARS AFTER INJECTIONS 

(mg. %) 

1 HR. 1 

3 IIP.. 

29 

93± G 

5 

17G 

11.5 

52 

9G± 2 

5 

157 

113 

51 

9.3± I 

5 1 

149 

124 

oo 

.SS± -1 

5 

14S 

114 

54 

94+ G 

5 

13S 

110 

15 

100+ 4 

5 

146 

124 

21 

104+ 5 

5 ' 

142 

134 

Mean 

9(;± 2 


l.ol+ 5 

120+ 3 

Mean increase 


55± 5 

24+ 4 

Per cent increase over controls 


57 

25 


Table VII 


Gluco.se Tolerance Te.sts of E.vts Injected AVitie Precipit.vte III 


RAT 

NO. 

NO. OF 

CONSEC- 

UTIVE 

DAILY 

INJEC- 

TIONS 

MEAN OP 

SIX BLOOD 

SUG VRS 

PRIOR TO 

INJEC- 

TIONS 

FA .STING 
BLOOD 

1 .SUGARS 

PRECIPI- 
TATE III 
PRIOR TO 

TEST 

(MG.) 

1 BLOOD SUGARS FOLLOWING INJECTION 

1 (mg. %) 

1 

Vj UK. 

1 HR. 

hr. 

2 HR. 

3 HR. 

51 

(U 

()2 

1 

1 

1 

93± 4 
101± 7 
90± 5 

94 

74 

110 

o 

o 

3 

3 

202 

128 

148 

128 

128 

IGO 

149 

151 

14G 

151 

1.S5 

131 

““171 

lOG 

lOS 


Three glucose tolerance te.sts (Table VII) after injection of 3 m 
eipitale III Avere similar to tho.se obtained after the 
precipitate II. 


of pre- 
HijeC'tioii ot 100 of 
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(li) Tis.-iitc.s-. — T)vo Jvil.s H'O't' iiutoji.sietl nl'tor liav'nif' received daily 

injections of beef extract brotli. .Seven rats were antopsied after nine to twelve 
daily injections of precipitate II, and in addition one injection of [ireeipitate III. 

The pancreas of the rats injeetetl with beef extract broth ()re.sented no 
changes in the parenchyma of the islands of Langerhan.s, 

The parenchyma of the pancreas of tho.se rats which had rcceivetl the injec- 
tions of the several jiarolid extracts was normal. The majority of the Islands 
of Langerhans were normal in size, .shajie, and arrangement of the island cells. 
In all the specimen.s, however, there were islands exhibiting marked granular 
degeneration, hydropic degeneration, disorganization of the normal i.sland pat- 
tern, and varying degrees of infiltration with small roiiml cells and tibrobla.st.s. 
In several Islands there was almost complete replacement of the island cells 
with young tibrobla.st.s. Sections of the parotids, livers, splccii.s, kidneys, and 
thyroid glands of the extract injected animals revealed no p:ithologlc changes. 



Kis:. 1. — Cry.stals of prucipltatc 111 ixltCO). 

Fig. — Rc'placcnient of i..<laiul coII.< willi ilbrobla.st.s (Xu-b). 


DISCUSSION 

The constant and prolonged hyperglycemias following intraiieritoneal in- 
jections of the parotid extracts indicate the existence of an insulin antagonist 
secreted by the parotid gland. The markedly .significant 84 per cent increase in 
the one-hour samples following the injection of in-ecipitate I into seven fasting 
rats may passibly be explained by assuming that glycogenesis Wiis being in- 
hibited, M'hereas glyeogenolysis was iiroceeding at a nonnal rate, thus resulting 
in an abnormal accumulation of endogenous glucose in the blood. 

Injections of an average of only .') mg. of precipitate III into .seven rats 
produced an average increase of o7 per cent in the one-hour .sanijiles. Similar 
increases were obtained following the use of jirecipitate II in nine rats. Injec- 
tions of 5 mg. of the refined crystalline pieeipitate III iiroduced hyperglycemias 
comparable to those following 50 mg. of precipitates I and II (Tables I, II, 
and VI). We cannot, however, state that precipitate III was ten times as 
potent as t^reeipitates I and II, since the end jioint of the inhibiting effechs of 
the extract has not yet been determined. A chemical analysis of the crystals 
constituting precipitate III is still ni progress. 
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Till' I)lood su; 4 ais of rats dial ivi-oivoil tin* parotid oxlract for tlio first time 
returned to the preinjVetiou level within twenty-four hours, wliereas the fast- 
ing blood sugai-s of those rat.s that reeeivetl repeated daily injeelions were 31 
per cent greater than their prein jeet ion average. 

These findings demonstrate that, although the inhibiting efleet of the 
parotid substance disappeai-s within twenty-four hours after one nia.ssive dose, 
repeated injections tend to maintain the tasting blood sugars at iiigher leveLs, 
even after the ee.ssation of the inject ions due to the degenerative elianges in 
the islands of Laiigerhans. Tliis elTeet is exemplified by the glueim' tolerance 
tests of Eats In. 3, Id. and nn (Table llll. in which occurred jieaks of 231. 
ISO, 185, and 241 mg. per cent, twenty-four hours after the last injection of 
parotid extract. The normal glucose tolerance curves of control Eats 4 and 
oo, that had been repeatedly injected with beef extract broth, make improb- 
able the po.ssibility that a nonsiiceifie irritating effect of intraperitoneal injec- 
tions of a tissue extract may have re.sulted in hyperglycemia. Sections of the 
pancreas of these rats revealed no abnormal changes. Likewise, the normal 
glucose tolerance curves of the four rats which received rciieated intraperitoneal 
injections of physiologic saline solution exclude the possibility that the hyper- 
glycemias in the test animals were the result of repeated iieritoneal punctures. 

It is difficult in the present .stage of this study to determine whether the 
degenerative changes in the islands of Langerhans following injections of the 
parotid extracts represent a reaction to a specific cell toxin, or are the end 
results of an accelerated type of atrophy of disuse following prolonged inhibi- 
tion of all function. 

Werch and Altshuler, and Hai-vow and eo-workei-s, prepared blood-sugar 
raising substances from the urine of diabetic ])atients. The former found 
greater amounts of this substance in the urine of persons with diabetes than 
in the urine of normal individuals, and even greater amounts in urine in uncon- 
troUed diabetes than in that of controlled diabetes. In the ])resent study the 
method used by Harrow and associates to extract blood-sugar raising substances 
from the urine Avas applied in a modified form to the parotid gland, A potent 
blood-sugar raising extract Avas secured. 

HimsAvorth^“ in 1936 suspected the presence of an insulin antagonist. He 
suggested that diabetes mellitus in the insulin-sensitive person Avas due to a 
lack of insulin, Avhereas diabetes in the insulin-insensitive person Avas due to 
an insulin antagonist. It is possible that his tAvo types of imtients Avith diabetes 
represent tAvo different stages of a condition Avith the same etiologie mechanism. 
An island of Langerhans antagonist may cause primary effects through its 
specific insulin antagonism and secondary effects folloAving permanent damage 
to the islands of Langerhans. This damage may lie due to eitlicr an atrophv 
of disuse, or a specific cell toxin. 


SUAIAIARY 


1. A potent blood-sugar raising 
gland. 


extract was prepared from the parotid 


2. Degenerative changes in the islands of Langerhans 
injections of this extract in experimental animals. 


followed repeated 
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THE ORAL ASCORBIC ACID TOLERANCE TEST AND ITS 
APPLICATION TO SENILE AND SCHIZOPHRENIC 
PATIENTS® 


Elaikb Stotz, Ph.D., Buktd.v JI. Sm.XMCit.s, H.D., a.ni) 
Rupert A. CumTCK, II.I)., Boston, A[ab.s. 


I T IS well known tliat tliere i.s it wide differenee in the amount of tt.seorhie acid 
intake necessary to prevent tlie outward manifestation of seiirvy and the 
amount desirable for optimal liealtli.* As evidence aecuiuulates eoneeruiug the 
true phj^siologic functions of vitamin C, such as the work of Sigal and King' 
on vitamin C levels and resistance to Itaeterial toxins, and of Eeker and co- 
workers^ on the relation between ascorbic acid and guinea pig complement, there 
will be an increasing need of a simple clinical procedure for determining the 
status of vitamin C nutrition in patients. The many techniques already avail- 
able are well reviewed by authorities in this field in The Vitu7nins, edited in 
1939 by the American Medical Association. Determination of the “resting 
level" of excretion'*'® and of “saturation deficits’’" ® involve so many difficulties 
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ol' peri’oniuuieo ami inloi'pvetivtiou, not the least ol wliieh is tlic long time neces- 
sary for tlie test, that Uiese leehniiivies have not found general adoption in the 
clinic. 

The significance of Ihe plasma a.scorhie acid content in single iasting speci- 
mens lias heen considered by many”''" to bo ol very limited value as an index 
of vitamin C nutrition, a belief that is further eonfirined liy our woi’k. The lack 
of agreement’'’’ ” concerning' tlie clinical significance of sneh fasting values is 
itself evidence of the inadequacy of this oliierwi.sc simple lest. Butler aud 
Cushman”’ Imve found that the white blood cells and platelets may retain most 
of their ascorbic acid content even when the plasma ascorbic acid has been 
redneed to zero, and are themselves redueed to low ascoviiie acid values only in 
acute scurvy. These aiitliors believe that aseoriiie aeid analyses of these cells 
“provide indiees of vilamin (' defieieiiey which extend beyond the limit of the 
index fuvnisiied by fasting jilasma couccutrations. ’’ Their data indicate, how- 
ever, that the vilamin (' coiifcnt of these cells is nearly maximal at low plasma 
concentrations, so that wlnle analysis of the.se cells may indicate the .sevei'ity 
of an existing .scurvy, it would not i)e as .sensitive an index oi less severe vita- 
min C unsaturation. 


Since tlic basic interest in “saturation tests” is the existing vitamin C con- 
tent of the tissues, and sijiee tills substance appears to be in the free state both 
in the tissues and plasma, a reliable index should be furnished by the rate of 
penetration of the vitamin from the plasma into the tissues. Thus upon feed- 
ing the vitamin, if the tissue ascorbic acid content were low, the rapid flow of 
ascorbic aeid from the plasma to such tissues should result in only a small 
rise of the plasma ascorbic acid-, if the tissues were “ saturated, ” then the plasma 
content should increase markedly. These suppositions were found to be true. 
Such a tolerance curve with vitamin C administered botli orally and intra- 
venously has been used in conjunction with other “saturation tests” by Portnoy 
and Wilkin.son'^ in a study of normal patients and those with ulcer. The test 
was not studied in detail by these authors, however, and no attempt was made 
to relate the variovrs degrees of saturation with the type of tolerance eui’ve 
obtained. Intra venoms “test dose” methods with measurement of the urinary 
excretion have iieen .sugge.sted”’'”’ lo eliminate possible errors due to differences 
in intestinal absorption rates. Intravenous administration must in our opinion, 
and in agreement with that of van Eckclen aud ITeinemann,^'’ involve a sudden 


flooding of the kidney and loss of a large amount of ascorbic acid, so that the 
blood values and urinary excretions observed must be greatly influenced by the 
speed of injection and secretory ability of the kidney. In the “oral” test to be 


described, the dosage was so chosen that rarely more than 10 to 15 per cent of 
the total dose was excreted during the five-hour test. Hence the principal factor 
in determining differences in the curves appeared to be the fundamental one 
namely, the rate of penetration of the vitamin from the plasma into the tissues’ 
The shape of an individual curve is, of course, determined in large part by tlie 
rale of intesthval absorption, as is the case with a sugar tolerance curve but in 
our scries we have not encountered any eases in which this factor appe’ared to 
be the main determinant of differences in the shape of a group of oral tolerance 
curves. Proof of this fact lies chiefly in the .atisfaetor; explnation ^f cliff m- 
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enees on tiio basis of vitimiiii (' milritioii aloiu*. ami on llmso ebunj'i'S j>vt»luv.ud 
by experimental feedin;; and dcindvaliuii of the vitamin in a sin.Lfle individual, 
where the faetor of jjaslrointestina! absorjOion niiist be eoiisidered to remain 
eonstant. If eases of exceptionally slow absorption were eneonntercd employ- 
ing this test, tlie eiirve wotild at least siigged delieieiiey aJid lead to vitamin V 
therapy, and if tliis failed to i»roduee a •‘saturated” lyj)e of curve, other 
mothods of udiiihiisl rut jttii for therapy wonhl be indicated. 

This i)aper ineliules a study of (a) the use of the oral aseorl)ic acid toleraiiec 
test for a ra[)id eliiueal diagnosis of the degree of siibelinieal vitiimin de- 
fieieney; (I)) tlie elianges i)rodiiced in the curve uimn experimentally saturating 
and depleting the same individual of vitamin ('; (c) the analysis of suflieieiit 
tolerance curves to distinguish at lejist four ••types” characteristic of various 
degrees of vitamin (' nutrition; and (d) the application of the method to a 
study of schizojjhrenic and senile i)atienls. 


-MKTIIOD 

Tile test is best [lerforriicil in the morning. A samjile of blood (a]iproxi- 
mately 7 e.e.l from a fasting i»atient is taken with a dry .syringe and ejected 
into a dry pyrex tube containing approximately ’20 mg. of jiota.ssium oxalate 
as an anticoagulant. .Mixing is accompli.shed by gmille inversions rather than 
by vigorous shaking to avoid iiemolysi.s. .\ do.se of G.l) mg. of a.scorbie acid per 
kilogram of body weight is dis.solve(t (immediately before feeding) in one-half 
glass water and fed, the time in minutes being noted. Since no food should be 
given for the following five hour.s, we liave allowed, after the vitamin (', a break- 
fast consisting of a cup of cotfee and idain toast. This did not materially affect 
the re.suitant curve, but made the te.st more tolerable to the jiatieiil. Although 
in our exiierimenlal work we have taken five more specimens of blood to de- 
termine the details of the curve, sufficient information for clinical tests may be 
obtained by taking iilood specimens at only the iwo-and-one-lmlf- and five-hour 
points. The blood samides should be chilled immediately after drawing until 
they are analyzed (the same day). The chemical determinations of ])lasma 
ascorbic acid Averc done by a metliod developed in this laboratory-' which proved 
to be a rapid clinical method for .serial analysis. It is a modifieatiozi of the 
ilindlin and Butler iiroeedure,-- with extraction of tlie iniehanged 2,6 dichloro- 
phcuolindophenol into xylene, which insures its stability. 

The values obtained in milligrams per cent are /(lotted against lime in 
minutes. 

INTKKPRBT.vriO.V OP Cn«VK.S 


For the sake of clarity of presentation and economy of si)ace it Avould seem 
Iwtter to present first a chart summarizing the types of curves which liaA'c been 
distinguished in onr group of 60 such determinations, and to di.s'eu.s.s the bulk 
of our data by reference to sueh a ehart. Speeial illustrative curves will be 
presented after the generalized data. Pig. 1 shows a ‘•maip)ing out” of eon- 
venient areivs (outlined by dark lines} into which nearly all individual curves 

can be allocated. i , 

These areas have been de.s/gnated toiniuivaiy by the terms ‘•.saturated, ” 
“low normal,” “high normal,” and ‘‘midcrsuturatcd,” but the distribution of 
subjects within these groups imist vury somewliat according 


to location and 
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dietary habits. In view of sueli e.Kperiineiits as tliat, reported liy Crandou and 
lanid,^"’ in wliieh the plasma a.seorbie aeid was i-edneed (experimentally) to zero 
without elinieal .si^ns of seurvy or other jiatholo^y, it is in laet difficult at the 
pre.seut time to define sulllieieney and deficiency with respect to vitamin C. Since 
in clinical scurvy the plasma ascorbic acid may not reach the zero level, the 
clinical syndrome probably also depends on the intake of other dietary factors, 
and it becomes desirable to be able to detect milder dejirees of ascorbic acid 
deficiency. 



In Pig. 1 it may be noted that there is a small area common to both Areas 
II and III. This will be discussed later, but it signifies that in spite of a fasting 
value as low as 0.4 mg. pel’ cent, further characteristics of the crrrve may, never- 
theless, indicate that it should be placed in Area II. 

Pig. 2 illustrates some typical curves obtained and their proper allocation 
in the defined areas which are in this figure represented by dotted lines. 

Type I curves, as illustrated, are the tj’pe given by “saturated” patients. 
This type has been encountered only twice among our grorrp of patients, brrt ean 
be produced at will by feeding extra vitamin C, e.g., 200 to 300 mg. per day for 
two weeks. In 15 persons possessing among themselves all the other types of 
curves, we have, by feeding ascorbic acid, converted them into “saturated” per- 
sons possessing the type I curve. A typical curve is characterized by a hio'h 
initial ascorbic acid value, a moderate rise, and generally a failure to decline 
again in the experimental period. The failure to rise to higher levels is con 
sidered to be due to exceeding the kidney threshold (assumed by many^-* to be 
approximately 1.4 mg. per cent) so that the rate of excretion is eciual to or 
exceeds the rate of intestinal aksorption. Thus subjects showin- this type of 
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ciirvo iisiwilly oxcrclc in (lie* iifiue laf^e iirojiuFtioiis ((iO to lUO inif.) of tliu 
tost tio.sF. [)i addition, ".saturation” of the ti.ssnr.s i)iTVL‘ni.s tlio.se ti-s-surs from 
ah.sorbinii: any con.sidin'ablo anionnt of {ihusiua a.scorhic arid. 



F'iij. vc orfil ft5coi*blc field tolorfince curve.**. 


2’//pe ll C'lU’ves, as illustrated in Fi*'. 2, were found in te.sting 13 iionnal 
nurses (male and female) and 20 lio.spital i)alient.s. All of these had normal 
dietary habits, being on the regular )io.sjn(al diet. Tins group displays many 
variations in the toleranee curve, but all are eharaetorized by marked rises and 
various rales of fall. The rise signifies that tlie rate of intestinal absorption 
exceeds the rate at wliieh the relatively saturated tis.sacs can absorb ascorbic acid 
from the plasma, the latter rate displaying itself only after intestinal absorption 
is more or less complete (latter part of curves). Altliough urinary e.xeretion 
(from 15 to 50 mg. during the five hours) parallels the height of the curve in 
many instances, there were several cases of abiwrmitlly higiter or lower excre- 
tion.s than that predicted from the curves. 

Several persons possessing type II curves could not have been distinguished 
from patients possessing curves in the ne.xt lowci- state of saturation on the 
basis of fasting values alone (see type Il-b). Thus in our group of 33 type II 
curves there u'ere 9 subjects whose fasting values fell between 0.35 and 0.7 mg. 
per cent but who could not be considered from the tolerance curves to be any 
less “saturated” than those possessing higher fasting values. 

Type IJI curves hav^e been found in four i^atients of our series and in t^vo 
other persons during a period of experimental deprivation of vitamin C. The 
type is characterized by relatively low fasting values (0.35 to 0.7 mg, per cent), 
with only slight or very transitory rises in the tolerance curve. It is included 
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. 1 • Vio- 9 is tvnical of vitamin C deficiency. Five of 
T„e ir sh„>m such ciu-.es and will he discussed in 

». 8'<>»lh persons placed on a vitamin 0 defieient 

more detail later. In ^ guj.li c^ges the flow of ascorbic 

r„m 'Sic Srl the unsaturaled tissues apparently always eaceeds 
acid from tb p Urinary excretion during the period never 

'f 2 .o“T n thre^^l- S-'- curves may not he uneommon in the 
Tnetl WuLton and certainly represent a state of unsaturation requ.rmg 
vitamin C therapy. 


EXPEUIJIENTAL CHslNGES IX THE TOEERANCE CURVE 

In order to demonstrate experimentally the variations in the tolerance curve 
of the same patient on different vitamin C intakes, the tolerance curves of three 
persons (schizophrenic) were determined on the regular house diet after two 
weeks of dailv administration of 200 mg. vitamin C, followed by seven weeks on 
•i vitamin C defieient diet. Two more patients were placed on the defieient diet. 
*\s illustrative of the data obtained, the tolerance curves of one of the first 
•vvoup arc shown in Fig. 3, the other data are recorded in Table I. In each 
ease we wore able, by feeding ascorbic acid, to produce a tolerance curve, in- 
dicating greater saturation, and by deprivation to produce an “unsaturated” 
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tvi.o Of FUFVC. Since nunc of tl.cse paliculs nr any nU.crs .sl.nu-in;< lypc IV 
curves ever sliuwed any signs of elini<-al scurvy, I lie oral (olei'aiice ‘'‘J ‘ ^ 
hero is ol)viously to disl inguisl. relative degrees nl saturation or to dilhuntuil. 
between suffieieney and mild defieienek-s. 



Hmc { minutes) 


FiS. l.-oral tolerance curvoa on -senile paUenLs before an,l after sucple.nentar.v vilun.in C 


vrr.vAiiN c A.\'i> -sicNiiaTY 

Other workers=-’'=' have given evidence to indicate a vitamin (’ lack in 
seiiilitv -Vlthough Berkenau-' has seemed to establish that tliese tindings in- 
dicate' a true hvpovitaminosis f, since -such jiatients re.|uired a longer time to 
“ aturate ” it was of interest to study siicii jiaticnts with our teclinKpie. e 
l,nve therefore, carried out the oral ascorbic acid tolenince test on a group 
nf six senile person-s. All showed the “unsutu rated" or --low iiormar' (type 
TV III) curves Uimn feeding 300 mg. of ascorbic acid per day for two 
weeks they showed tolerance curves of type II or 1, i.e., curves typical of 
r ’ .einvition One example of this is shown in Fig. 4, and the rest ot the 


tntnke of vitamin 0 so tnai me ucncicucw:, ...» 

r m^rooukl not be jnstified on the basis ot <Iiet.,,v habits. 

XT onTtsfaetory explanation (based on experimental proof) of tliis “ 
deficiency of vitamin C in senility has yet been offered.-^- C 
dogeuous c rmilt does not concern intestinal absorption, since si 


dogeuous >- ,, fault does not concern intestinal absorption, since such 

data indica,te t la 1 saturation curves after feeding of supplementary 
patients display J i deficiency is under investigation. In the mean- 

vitamin C. The asis better degree.s of saturation can be and should 

time it seems establisnea 




...irilu. .uU.as l>y -I 

I'bal this aeik-icncy nvay . Hndin- ti>al 14 oliier hosi,il.a 

to .rvo-u-.s'l>we,l l-a;ii.v4 !>lasn.a values over 0.7 m,. pc 
\)alieuls from ages bo lo M . 

cent. 


ExraiiMKNT.M. Cii.^sr.y.s Vr.oaver.u in ^ 1!^^,;;,;^ ,Vf.m 





K— llou.'-e 

K— lligli vitamin C 
K— boiv vit. C 


„ — llouho 
\V— Higli vitamin C 
•\V— Low vitamin L 

U— House 

B— Lo w vitamin 0 

S — House 

.S— Low vitamin C 


T.viita: II 



... ox SENILE V.VrmNTS before A NO AFfER 

OiUL Tolerance CcR'i-.s - — ] type 

cekve 

P.VTIEST ASI) wet 

B— House . 

F — Higii vitaniin C 

0 — House 

C — High vitamin 0 

\V— House” 

AV — ^High vitamin <- 

R — House 

K— High vitamin C 
A — House 

A—Hi gli vitamin L 

In our group of 20 sehizophrenie patients there have been no indieations of 

vitamin C deficiency. suioiakv 

It'h; (Idvcloucd to indiccitc the idu- 
An beings. On the basis of 60 such ac- 
tive saturation oi liroduced in the curve upon supple- 

terminations. and on f C, four categories of relative 

mentary feeding ^ j ^ji^ce patients .showing the lowest “saturation” 

saturation ^ test do not show any signs of clinical scurvy, 

that can be f degrees of ascorbic acid deficiency. The 

01 the Iderance cui^-es can he adequately di.stinguished by 
main chciiaitei • • ^ j;,,ecimens in the following five hours. 

„ „ »,su. ac 

ii::,.:;::,::!, ai:... «-*■.>• -■>. "■ n. aim«a,a, 

(,f urine collection involved in previously suggested le.sts tor the degree ol 
vitamin C saturation. 
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Application of this tost iias dfiuonslralisl a vitamin C (icficivni'y in senile 
patients wliieh is not ivlated to dietary liaints, and has indicated no distiirhance 
of vitamin (' saturation in schizophrenia. 
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of Atol.r:o\ tiospltiil, autl to I’roO'i^MM' .V. Itaint i»f tlio Harvoril Altolioal Soliool, for 

tlioir MiffKi’stlolis and eritlclym In llil.s worK. 




J. Slioniiini, 11. f'., ionl .Sniitli, S. [..: Tin; Vituuiins, i-<l. a, New Voik, !‘.K!1 C'ln;mi>':i! C’ata- 
loff t'o., Cliapter IV. 

Sigal, A., and Kino, : Tlic Inlhn-nrc oi Vitamin (' Pidirit-ncy Uimn tlic Ko.'irlanrc 
of (iiiint'a I'ii^.H to Diiilillicria To.vin, .1. I'liarniacol. A: Kxjjcr. Timrap. 01; 1, J9.'i7. 
a. Eckor, E. E., Pillumor, E., U’oi tlodnuT. J).. and Cradis, H.: ,V,-corl>iir .Arid and Cuniplc- 
nu-nt Eiinrtion, .1. Imniunol. 31: !!•, lin'is. 

4. Abba.-iy, .M. A., llarri.s, L. .1., Kay, S. N., and Alariark, .1. 11. : J)i;iono.-i.s of A’itaniin C 

Suliniitrition by I’linc .\n:dy,-i.s: (^n.intitativi- Itata, f.ancot 2: l.'ltid, IP.'Ja. 

5. Harris, L. J., .Abbasy, M. .A., ami A'ndkin, A'itan)in.s in Jliinian Nutrition: A'itainin 

C Koscrvc.s of fSnbjocts of tin* A'oluntary Ilo.-.piial (’la.-.s, I.anrrt 1: MSS, HXai. 

0. van Et’kidon, AI., Emniorii*, .A., and AA'oln", I.. 1C.; 'I'ljo Jiiafjno.-is of Hypovitaininosi.') A 

anrl C by tlio Dclorniiii.ation of Tim.-.' Vitamins in Htood. /Ctsvlir. i'. Vitaininfor=';Ii. 
6: i.)ti, 

1. Baumann, T.: 11m liolcrniination ot tim I’by.siolooirrd Kano,* (jjf A'itamin Saturation 

of tlie Body, Klin. AAVlmsvlir. 16: 1210, ilC.7. 

S. Ilamol, P.: 'lla* A itaniin t' Balanco in lliiman.-. 11. Saturation E.\[ii>rimcat.s for Deter- 
mination of the Daily Kfciuircnmnr and of tIm Saturation Delieit, Klin, AA'ehusehr. 
16: 1103, l!i;jr. 

9. Greenberg. L. D.. lliimliart, .1. E., and IMmiak. N. .AI.: Stmlie.s on Kcdu.vd .Aseorbie 
.rD'id (’ontent of tlie Blood !'la.-ma, Pror. .Sm. E.vper. Biid. & .Ale.d, 35; KJ3, TOIIO. 

10. Aliudlin, It. D.. 1 Im Kelation l»elu»*,*n Pla.-.ma .A.-eoj-bie .Aei,l t’onrentration and Diet in 

tlie Newborn Infant, .1. Pediat. 13; .‘iiiy, liCl.S. 

11. Portnoy, B., and \A ilkin.son, .1. 1-.: A itamin t* l)i*licit*nev in Poptie Uleeration and 

Ilematenie.sis, Brit. AI. .1. 1; 3.31. liKis. 

12. Kellie,_A. E., and Zilva, S. S.: Tim Vitamin (’ K.ainirenmnl.s of Alan, llioelmm. J. 33: 

\Oo, 

1.'!. Nenweiler AV.: The Question of Vit.-imin (’ Kefiuirement, Klin. AVeliiisehr. 18: 709, 1930. 

14. Yu, T.: Blood A itaimn C (ontent of Cliinese in Peiping, Chinese AI .1 56’ >1') l<Ki<) 

15. Butler .A. AI., and Cushman AI : Di.stribution of A.M'orbie .Aei.I i„ t'lm Blood and' It.s 

^utntlonal bijjmliranoo, J. Chn. ID; i.V) l‘M0 

16. Hawley, E E ami Steplmns. D. .1.: K:ile of Hrinary E.veretlou of Te.st Do.-os of 

Aseorbie Aeid, Proe. Soe. E.vper. Biol. & Aled. 3^1; .S,3l. !0;!(>. 

17. AAnglit, I. S., Lilleufeld, .A., and Alael.enutlien. K.; Determination of A'itnmin C Sat- 

or't^soA- I»t'-’>'vmms Te.st Do.se, Areb. Int. Aid. GO:. 

204, ID.m. 

Ralli, E. P., Friedman, G. .1., and KTi.slow. AI.: An E.veretory Test for Vitamin C Dc- 



Stotz, E.; sA Clinical Aletiiod for the Detennination of 
and Urine, J. L.vn. & Ci.ix. Ainu. 26: 15-12, 1941. 
Alindlin, R. L., and Butler, .A. AI. : Tlie Determination 
Alaeromethod and Alicroinethod, J. Biol. Cliem. 122: 
Crandon, J. H., and Lund, C. C. : ATtamin C Deficieimv 
New England J. Aled. 222 : 74.S, 1940. 


A.seorbie Aei<l in Blood Plasma 

of Ascorbic Acid in Plasma, A 
67;!, 193S. ’ 

in an Otherwise Normal sAdult, 


24. 

25. 

26. 
27. 
2S. 


Faulkner, J. At., and Taylor, F. 11. L.: OKservations on the Renal Threshold fo,- 

Acid in Urine, J. Clin. Iuvesfig:ition 17: 69, 1938. rniesliokl foi Ascorbic 



Alental Di.sease, Ztschr. f. d. ges. Neurol, ii. Psydiiat. 157; 

Berkeiuiu, P.: Vitamin C in Senile Psychoses. A Preliminary Report, j! iiout. Sc. 86: 
0 / Of 3040. 

AVortis, II., AAmrtis, S. B., and Alarsh, F. I.: Role of AUtamin C in Aletaboi;,,,, of -nt, 

Tissue, Arch. Neurol. & Psychiut, 39: 1055, 1938. -uttahohsm of None 



PERIl’ilEKAL ■sEUIUlIfc> 

T. w Vii Ti'u M D., WiLMAJi B. Bi:an, il.D., and 

RiCUADD W. \ ’ r.KCINN VTI, OhIO 

n’mr Tl. Spies, al.B., oincinnai , 


intuoduction 

-ivi' offective in the treatment of pellagra 
•WBAST and ermlc liver ^ because they are excellent sources of the 

Y beriberi, and rihoilavm ^ nicotinic acid, thiamin, and riboflavin, 

vitamins of the B complex, 1^'‘' “ in high concentration and. 

Many less ivell-knoivn ,,e components of organic catalysts 

like nicotinic acid, thiamin, a these compounds. It is 

essential for cell resTUvation. ^ (eopho.sphorylase) and is a component 

the precursor of ' S/.^j^aing th acids, the coenzymes I 

,„.d n the P'-t'f “ a vel.tiou ot adenylie acid 

n :iplex, and indicaie ita ^.cat thecvcfcal .mpoc 

tanoe to cellular imtritional deficiency disease were 

In this study 29 selected or from muscle.t The patients 

given cn-oups to facilitate description of the therapeutic 

have been divided into toui gioups lo 

‘ T SiTteen pellacjrins in relapse. This group consisted of 16 per- 
Qroup !■ ^ _ vonvs had responded to nicotinic acid therapy foi 

sons, all of whom 'Vcontfliued to' subsist on deficient diets, and in the spring 
pellagra. They , ^.pibeal evidence of acute pellagra in relapse. Six 

of 1940 again la ^ ^jj^ers extending deep in the tongue or buccal mucous 

of this group la^ l)orders of the ulcerations were swollen and sharply 

Tmarca ted from the “surrounding tissue. The craters of the ulcers were covered 
tiX iayish-white membranes. Each of these 6 patients complained of severe 
I n around the areas of ulceration and of generalized burning sensations of the 
I h-e mouth and tongue. The remaining 10 patients had no ulcerative lesions 
of the toimue or oral mucous membranes, Imt each had characteristic pellagrous 
•dossitis and complained of imrning sensations of the mouth and tongue; two of 
these 10 patients also had riboflavin deficiency, as evidenced by severe conjune- 
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and eircuiiieuriieal injection, and c}j('})o.si.>>, Xone oi tiie.se lesions im- 
proved while the patients uvre restricted to their n.sual <leh‘cieiit diet lor tuo 
weeks of preruoinary observation. At tiic end of tlds perio<l the administra- 
tion of adenylic acid was hcfrnn. Each person was yivcn intravenously 50 
uif!:. of either yeast adenylic acid or niiiscle adenylic acid, tli.ssoh'cd in .sterile 
phj’siolop-ic .snlntion of sodiii/ii i-hloruh\ twice (hiily for from one to fliree (lays. 
The solution was injected not fa.ster than 2 nijr. j)er minute. The 14. patients 
rceeivinsr yeast adenylic aei<| and the 2 receivin'; luuselc adenylic acid re- 
ported iniproveinent in strenytli, and then rain'tl di.sappt'arancc of ail Imrninit 
sensations of the mneous memlnvjnes within si.v honr.s. The nleerations i« 
the months of ti pellayrins healed within two to live days after the Hist admin- 
istration of adenylic acid. Those patients wlio contiiined to eat an iiiadtsinate 
diet had rceurrenees of the ulcerations and a dijninntion of strength within three 
to five weeks. When rehtpse occurred, .some of these patients reciuested more 
of the ■'same mcdieiiie. di'spiic the discomfort lhal accom{)anicd the injection. 
The fiery red color of jieUni'i-oiis idossitis and tin* cheilosis and conjunctivitis 
of riho/lavin deticiimey were not atfeeted hr adenylic acid. 

Gyoup 11. Four per.iuna with prodroinul .ii/iiipfoiii.t of inlhnjru. Four per- 
sons, each of whom had heen olxserved with clinical jiella-'i-a in previous years, 
iiad eoiitimied to eat an imuhv/nate dh*t. When seen in the Xntrition Clinic this 
year, thc.v complained of n-eakne.ss, vasrne fiains, iri-itahility, insomnia, atid 
burnin;? sensations of the skin and niiieons membranes, 'i'hree were 1111 

mg. of yea.st adenylic acid b.i.d. ami one was .criven oO mg. h.i.d. of muscle 
adenylic acid for from one to thr(*e da.v.s in (he maimer described. 

Within six hoiu-s after the first injeetioii these (latieiits reported an increase 
in strength and vigor, and lYisiippenvimee oi' nil burning sensations of the .slcin 
and imicons membranes. The di-amatic disapjH'aranee of an.xiety, irritability, 
and nervonsnes.s. ivliieli follows (lie intravenous injection of large amount.s of 
thiamin hydrochloride, was not okserved aflei- the injection of udenylie acid in 
the doses used. Accordingly, after this .st ud.v a single dose of 100 mg. of tiiiarnin 
hydi'oehloride was given intravenon.sly and wa.s followed hy relief from these 
nervous symptoms within a few hours. 

Group III. Six persons with periphemf neuritis which wa.s rcfructorij to 
treatment with thiamin Injclrochtoridc and brewers’ yea.st. Six patients were 
selected because of severe refractory peripheral nonrltis. Five of these persons 
were addicted to alcohol; the sixth had liad recurrent affaek.s of pellagrous 
glossitis for ten years and peripheral neuritis for tliree years iieeause of faulty 
gastrointestinal absorption. A number of observers had studied these patients 
clinicalb^ and liad treated the pcviphend neuritis for from one to three years. 
The neuritis had failed to respond to intensive treatment with brewers’ yeast for 
two months or more, or to the intravenous uclmini.stnition of from 50 to 100 mg. 
thiamin hydrochloride daily for a minimum ol fourteen days. Before adenylic acid 
was administered, neurologic examination of each poison sJiowed the following 
similar abnormalities which had been ob.served before treatment with yeast and 
thiamiu liydroeliloi'ide : Each had severe paiestliesias of tlie feet and legs, both 
spontaneous and in response to pinprick and stroke, diminished perception of 
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Huhl toui“h iiiul vilu'iituiii iu tlic aiikU's aud luicc’s, iiiid diiiiiiii.shod appruciatioii 
ol" the jiDsitioii ul’ \lu' toi's. AiikU* .jt'rks wi'i'o alisciil, aiul kuuc jerks were hjpo- 
aetive in every ease. Hack of these i)atients reeeived, iulravenously, 25 mg. of 
yeast adeiiylie arid twice a day for ten to tliivty days. 

Spontaneous parestliesias (emi>orarily di.saiipeared during tlie administra- 
tion ot‘ adenylic aeitl. In one ease, for exainjile, ]iy])eresthe.sia, located at the 
knee before injection, was found near fJie ankle during the injection, but witliin 
fifteen minutes after the termination of the injection the level was found at the 
knee again. Similar respon.ses were olrserved in eacli jiatient following each in- 
jection, hut there was also a gradual and steady decrease in all painful sensations 
in the legs. Within ten to twenty-one days spontaneous pain and demonstrable 
hyperesthesia disapiieared, perception of light touch imxn'oved, and the patients 
were able to walk without pain, whereas l)cl‘ore treatment they could not bear 
the weight of bedclothes on their feet and legs. In 3 cases the knee jerks changed 
from hypoaetive to active during the period of treatment, and the perception of 
vibration, previou-sly ah.sent in the knees, returned. Ankle jerks, the perception 
of vibration over the malleoli, and apin-eciation of tlie position of the toes, did not 
change during the period of observation. 

Eleetroeardiograiilue tracings taken on tliese 6 persons, which 'were normal 
before injection, showed the following temporary changes during the injection: 
Tachycardia in 3 persons; P-R interval inerea.ses of more than 0.02 second in 
4; Q-T interval increases of more than 0,02 second in 2; inverted cone-shaped 
T-waves in all leads in 1 ; inverted P-waves in Lead 3 in 1 ; flattened T-waves in 
all leads in 3. Tliese alterations disappeared within five minutes after the cessa- 
tion of the injection. 

Group IV. Three persons with ulcerations of the towjue ivhose diets were 
adequate and who had no evidence of nutritional deficiency. Three persons 
were selected for comparison with the patients in group I because of recurrent 
•superficial ulcerative lesions of the tongue for which no cause could be found. 
Their diets were adequate, they pre.sented no evidence of nutritional deficiency 
disease, and the appearance of the ulcers bore no relationship to the season of 
the year. Each of these persons Avas injected intravenously with 50 mg. of yeast 
adenylic acid twice a day for from three to five days. At the time of injection 
there was no change in their sense of well-being and later no change in the 
appearance of the ulcers. They were given 500 mg. of nicotinic acid by mouth 
for one week. Rtill there was no healing iu the ulceration or improvement in 
the hunving sensations of the tongue in the regions of ulceration. 








REACTIONS OBSERVED DURING THE INJECTION 

' ■ — XWjll. 

Immediate reactions of varying degrees of severity, such as were describee 
in normal persons^ were invariably observed with both tlie yeast and museh 
adenylic acid preparations. Rapid injections of 5 to 10 nig. of either eomnoune 
produced, within twenty seconds, a flushing of the face, deep insniiatim, 
transient tachycardia, sensation of suffocation, and impending disaster wherel" 
slow npieetion of 2.0 mg. per minute produced mild livnernnon tn l n 
al,don,„«J 
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I’.'itients will) Ifui'iiinii sensnlioiis in llu- Jiixionu'U iuul a!>(>tit iln; oyf-s aiul 
mouth stated that these setisatimis hiereased temimearily iliii’infr the* period of 
injection. Transient increase in laeriniation ami injt'elion of the eonjnnetival 
vessels Averc noted in several eases, partienlarly in jtatient.s who had eonjnnetival 
congestion. In contrast, (lie inlraveiioiis injection of adenine snlfale liad no 
pharmacologic elYeet and no ajiparent jiiiy.siologic effect. 

These ol).servation.s on the ininie<liate reaction and the electrocardiographic 
alteration during the injection of adenylic acid .sn()(»ort tlie previou.s oh.servatioii 
of Honey, Ritchie, and Thoni.son,' Roliiniaiin,’ and Rn.skin and Katz,* on the 
effect in human heings of int ravenous and iiitranui.seular injections of adenosine 
and Ferrous adenylate, snhstaiiee.s wldeh act like adenylic acid in all particu- 
lars which we liave studied. 


.SUMMAKV AMI eOXeiA’SKI.S'.S 

1. These ohservalioji.s and those prcvioiwly made suggest lliat the role 
of adenylic acid in human nutrition is important and extremely diversified. 
Within from two to ffve dai-.s following flic d.-dly ijilj-avenons adniini.st 2 -ation 
of 50 mg. of adenylic acid from yt'ast or from miisch*, the ulcers in (ho mouths 
of 6 malnourishccl persons dis.-ippearcd. In contrast, tiie ulcerations in die 
months of 3 person.s wlio had stomatitj.s, Init no cvidcjice of dietary deficiency, 
did not improve following the injection of similar amounts of adenylic acid. The 
administration of either yoiist adenylic acid ov muscle adenylic acid to pevsatia 
with pellagrous glo.s.sitis or persons with .suhclinical symptoms of pellagra was 
followed by rapid improvement in sti-englh and well-heiug and disappearauee of 
the burning sensalion.s of the imtcous mcmhivincs. 

2. The intravenous administration of yeast adenylic acid to 0 persons with 
peripheral nenriti.s who iiad failed to respond to brewers’ yeast or to massive 
doses of thiamin hydrochloride, inlravenon.siy, wa.s followed by slj’ikijjg elinicid 
changes after a period of from ten days to three weehs. S])ojitaneous pain and 
demonstrable hyperesthesia disappeai-ed, pcn-epi'wn of light touch improved, .■ind 
the patients Averc again able to walk Avithout pain. 

3. The intravenous administi-aiioji of either muscle adtmyiic acid or yciust 
adenylic acid produced similar immediate reactions. Becau.se of these re, actions 
and the concomitant eleetrocavdiograpluc changes, Ave do not recommend adenylic 
aeid for general therapeutic use. Hicotijiie acid and thiamin hydrochloride, given 
in conjunction Avith a diet rich in protein and calorie.s, continue to be the most 
efficient therapeutic measures for most mabioiiHshod persons Avitli ulcerative 
stomatitis and peripheral neuritis. 


BEFEBENCES 

1 Spies, T. D., Bean, W. B., and Vilter, K. tV.: Adenylic Acid iu Human XAUrition, 
Ann. Int. Med. 13: 1616, 1940. ' 

•A Honev, B. M., Eitchie, W 'B, and 'Thomson. W. A H.: Tiio Action of Adenosine Hpon 
‘the Human Heart, Quart, J. Med. 23. 4So, 1930. 
a. Hothmann, H.: Der Eiufluss dor Adenosmphosphors.aure ,auf die Heratntigkoit, Arch. 
£ exper Path. u. Pharin.akol. 155: 129, 1930. 

4 Ruskiu,’ S. L.; ,and Katz, E.: The TherapMtic Action of the Xudeotides. The Treat- 
ment of the AVhole Blood Picture With Ferrous Adenylate, Ann. Int. Med 9; 
1540, 1936. 
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fluorescent staining technique for detection of 
acid-fast bacilli® 


How 


;aud E. Lixd. M.Sc., C.P.H., and Howard J. Siiaughnessy, Ph.D. 

Chicago, III. 


ACIDF\ST stainin-r bv the Ziehl-Neelsen method is a classic procedure. 

A .u.. ve.,v Wcato™. “ij”— 

intioduCion a cold ataio. followed simply 
mco“Ls solution, is appealing in itself. Sttcl. ts the ptocedune of the 

"“ra'Se'-sin.pliei.y of the technique and the excellent festdts tn 
ported bv Richards and MUer of New York prompted ns tn the Chicago Branch 
Laboratory of the Illinois State Health Deportment to apply it to ttse in a bus. 

routine diagnostic laboratory under normal conditions. r. t,T -it ifU 

\ demonstration hr Dr. Edmund Kline at the American Public Health 
Assodation Meeting in Detroit in October, 1940, was indeed convincing. It was 
not until January that we were able to experiment wuth this technique on a 
large scale, at which time accessory equipment was made available to us through 

the^courtesv of the Spencer Lens Company. 

The application of fluorescence microscopy to acid-fast bacteria and the 
use of filament rather than arc lamps are due to two German physicians, Hage- 
mann and Keller. The equipment at present makes the method available for 
use Ydth any monocular microscope and may be used only with materials whose 
fluorescence will be excited by the available ultradolet light and the fluorescence 
that will pass through a yellow filter to the eye. 

Durino- the process of investigation of this method idth direct and con- 
centrated specimens, the foUoY\-ing claims were kept in mind: (1) An increase 
in positives. (2) Reduction in fatigue in spite of the use of a monocular micro- 
scope. (3) Absence of interfering fluorescing substances. (4) Low cost of initial 
and upkeep of accessory equipment. (5) Rapidity of the procedure. (6) Prac- 
ticability in small and large laboratories, hospital, and health department. 
(7) No specific experience nece.ssaiw. During the couixe of this paper I shall 
try to clarify these claims. 

•From the Illinois State Health Department. Chicago. 

Read at the Laboratory Technicians' Section of the Tri-State Hospital .Vssembly Sleeting 
Slay 9. 1941. 

Received for publication. Slay 12, 1341. 


531 



532 


'nil.; jol-k.vai, („,■ KAiumATouv axu ci.ixicai, .Mwiinxl- 


apiilW 111 llii. ''‘'liail/inin, i,i|,| n,.,, 

nesativo ,vi||, Zioiil-Xw.k,.„. Tlic (In, '"i "''p'l' 

iirmitor sensitivitv iJiiin on oon c on sineai-.s iiad 

found in a spinai linid ami n / T -\oid-ra.st ha.illi 

also mpiitimu'd Ih.-p oiip-fliird fn- ^iipid-XpoJ.sPii. They 

sinoavs. ''“dui'nl lor preparini^ and readiiiL^ 

leehniljur 0 r ‘‘.uipinent and proeedure oi' Ihe 

ultraviolet li-jlit is limited so fh-n li ■ present source of 

factory lif,dit thromrh a donhie hodv tulT' 'r niipa-csiblc to obtain satis- 

•stand that this limitation i b i m "'‘-'»«Jor- 

luboonainonoenlarinimLcopI:.;;;:;. 'T /"'■ 

ot a «j)oncer mii-roscope. (■}) Tin- ‘ ’’'nocnlar draw tubes 

objective and a 2f)x ocular or 1 S „„„ ojir?-"' ‘''^"bd'c'd u'ith an S rum. 

Hght which has low voltaire and hni t ! I'"' 

lamp of 6.5 vo]t.s and 2.75 ampcrc.s with ,^.* '^*’ 11 '"' ' “ * "'''omd niiciuscope 

Universal lanijis Nos. 351 and 353 an "•ansfornier. Ls desirable, 

concentrated filament fnrni.sh surti,‘ienl^dltvi and 
monocular micro,sco/>e. Apparentiv th,. l .. . • V '''“''ufion for use with the 
many of tlie Jar<.wr conventional I'nnns ''oba^a* lamjis and even 

nltraviolot li<d,t i.s produced or too' mm.h of nt'!TT'r7 
blue ultraviolet transmit tin- filter placed in " bm.ses. (4) A 

sential. (5) An aluminum-surfaced mirror s a ■‘imirce i.s c.s* 

ror. This is neee.s.sary, .since a .silver mirror ah? mir- 

instead of reflectin'' it, (6) {.'i„allv -i vcili r i ultraviolet radiation 

bacteria which fluoresce to appear yellow. ' “^'C-'^'^nry to see the aeid-l’ast 

The stainin-' solution is compo.sed of 01 Cm e « 

Aniline Company), 3 c.e. of liquefied phenol and'oT « (National 

decolorizing solution is composed of 100 e c’ 'of "n "’ufer. The 

concentrated liydrochlorie acid, and 0 5 fin .r v"’"' alcohol, 0.5 c.e. of 
counterstain. chloride. There is no 

yfe knovr that certain micz'oorganisms are call > 1 • i ■ 
they retain tiie basic dye (M'hether if he fuchsin ‘UJc-tast bacteria because 
carbolic acid solution after tiie remaining material bi a pJienol or 

color with acid alcoliol. The acid-fa.st bacteria re?-‘ ^ ''oid of 
dye, after the surrounding materia] ba.s been de.stain?r a fluorescent 

they are lighted witli ultraviolet radiation, this ' •'! ) " alcohol. When 
as visible yellow light. Consequently, the haetez-ia appeV- m-adiated 
hodie.s on a dark, aizzzost black, backgrozznd. This eff ? ^®^f'bzmizzozzs 

ultraviolet tran.sznitting filter on or in front of tJie To-u by the blue 

filter in the eyepiece. This arrazzgezzzent hecozues lz1-,nf I ‘"^ud a yellow 

“ "uicic to the eve beenn*!- 

•Personal communication. ■■ ^bc 
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veil,™ lilt..,- »k»,l,.s tl«- in.lieti,... "'a I>1« I'K'--''. (f.'”™ ” 

„l,r;,vi.,let r.uliat..,,., ,m alu,mni».l minor is .,.,tet.l..led.) The .'el I'J 1. 
emilleil by the oryariisias. sine,- amamioe is relaincd, passes Ihroiiji the eje 

lilter iind appears yellow. i 

S„,ea,a are .aa.le as usaal a.al lise,! l,y heal, as ia the Z.ehl-Neelsen metl.cL 
.\uramiae i., applicl for l.s, „,i,mle,s, washe.!, aiul deeolonaecl rntl. »«■<!“ eol'e' 
for Uvo 10 four minute.s, aud then redeeolorized in a Ire-sh .sohrlion ot atid a 
hoi for at least two lainules, airaii, iva.slied and driedi it is now ready for ex- 
amination. For slainins pnr|.«ses roplin .iars or individual staining may he 
used. The laller method is 10 lie preferred. lie.gardle.ss ot wiiieli method mar 
he ii-sed. It I.S iiiiporlant to use a elean, fresh soltilion ot aeid a eoliol as a final 
deeolorizer to in.sttre eon.plete deeolori/.alion. There is no danger of over- 
decolorizing, but there is trouble when insuffieiently decolorized. 

The matter of foeusin,^ may cause a little difficulty at first, but if maximum 
li-ht is obtained before examination is attempted, this difficiiUy wdl be min- 
imized. Place the blue ultraviolet filter on the lamp in front of the light source 
and focus it onto the center of the mirror. Remove ocular and focus ob.]ective 
as near to the stage as passible; then by ad.iusting the mirror so that the max- 
imum light shines through the body tube, the .slide may easily be focused. 

The procedure recommended by Dr. Richards follows that an ob.jecti\e of 
8 mm. and a 20x ocular giving a magnification of 400 be used, thus allowing an 
area 20 times that of oil-immersion lens ob.iective with lOx ocular used ordinarily 
with the Ziehl-Neelsen method. 

The acid-fast bacilli appear as small bright yellow bacilli against a dark 
background. In a pure culture of tuberculosis absolutely nothing but the or- 
ganisms appear, the background being iiearlj black. ith smears, diiect and 
concentrated the degree of various other substances present in sputum tluoiesc- 
ing varies, depending upon the method used in concentrating and any other 
phase used in the process of preparing the .sputum fox examination. 


EXPERIllEXTAL 

The method and the equipment recommended have been tested under con- 
ditions of a public health department laboratory in which nearly all specimens 
of sputum for the examination of tubercle bacilli are mailed to the laboratory. 
A few specimens submitted for pneumonia tj-ping xvere included in this series 
as direct smears. The test run included 1,123 concentrated specimens and 98 
direct smears with the fluorescence method and with the Ziehl-Neelsen technique. 
Sputum submitted to our laboratoiw arrives in cresol ; it is autoclaved and then 
centrifuged. Smears made from the sediment are .stained and examined for 
tubercle bacilli. In addition to the recommended iu>e of the low objective and the 
high ocular lens various combinations, including the oil-immersion and loxv 
ocular, were tried. 

KE.SULTS 

-Vs seen in Tal)lc I a total of 1,221 specimens of sputa were tested. Of these 
only 98 were examined by direct smear. Ninety-six were negative and two were 
positive by each method. Tlie- bulk of the specimens examined under con 
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ditions of conmitration witli vi-osol -mh l * i 
reveal suck strikiug dilVoroucc. -.s did . •"* did uot 

Kiehards and .Miller. Of the 1 pv, ! ' ‘-'(.tui.anson.s reported by r)nctor.s 

specumens pasitivo by tla. fowuver, there were twelve 

^;oeIsen technique (a re-e.van.iuation of one of it 

keelson was found to be positive) ^ by the Ziehl- 

turbinsj, was the fact that in .seven spiit-i n ‘ “■'*> sli-'htly dis- 

^lehl-Neelsen technique but could not 1 e 

of these smears were vei-y thin tu-o *^''‘^*'r-'^‘-enee. (Tivo 

Two, however, were inis.sed conipletcJv.) ^ »»-'^«ti.sfaetory. 

“irludcd in the fore<'oin»' 
duid which were negative by" both teeliniqut 


'rAiicu I 
Sl-l-TV.y KOlt Tcueuci.k Bavii.,., 



priit.-.vt:ee5BrTl:eif.s-jQi;K 

eON'CK.STil.VTKli 


(acid 


'vaa round to ,.0 . . ‘ ' 


^*'eS!Uivo 

I’o.sitive 

Positive 

Xogtitivo 


vd to contain artir.Tct.s 


v-jv.tn. uacim, '■‘j Oioody, one 

Wne or these was rnim 1 » 1 - < ' nt, smear pcov 

tive reexamination. 

'“"'nal auld Which were nesa- 


niscussiox 

According to Richard.s and Millet- -• a j,,.: , , „ 

f ^''ore easily .een against a dark baJk.nt.tuh ''1 organisn. 
euum on a bine background.” ..\s ati mdividinl T s*«died btic- 

but I do not beheve that would be the coasciis.K- of 

^the experience witJi the dark fi"n" 
other fluorescence technique, the transfoi-nration is no " microscope or some 
sounds. One problem encountered is tha Z ns easv as it 

change Ills or her concept of tubercle bacilli as thorshl"^, One must 

mended use of an 8 mm. objective and 20x oculai-^Jen ’ 
and an area twenty times as large but reduces tire m-trrnifrT- 
to less than one-half. This difficulty can be overVol r m-ganisms 

recommend that the beginner in fluorescence ted p ^''^dd 

objective and a low ocular 6x or lOx just as for- o I oil-immersion 

bacteria. This would permit the eye to become aceirt PTapamtions of 

contrast, without making it necessary to adjust to I ooim- 

shape, size, and form of the organisms. It is true th - 1 the 

so that the background is tan rather than almost bio i fluoresce 

focusing area or working distance is very narrow tt ’ Jmiifl oi' 

■ i^mrig the low objective 
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dark-field and 

There may he elaims «t I f .surrounding 

niouoeular seope, hut. if the slide is proleeted Horn r,ia 

light, this objection is eliminaled. k very striking. 

The rapidity nvUU xvhieh compared Avith 

One-fourth to one-third the time is leiii ■ 

the Ziehl-Neelsmi "HThod om. the smears ,,,, ,peed 

covers twenty times the aiea ol t . ..rrnumt the tendency to lessen 

t :rst- c-s- » 

“'■torereo,ne«.epro.de,nol^ 

render the focusing of the held diflicnlt, app j 

corner of slides. , , floeided nroblem and inconvenience 

Associated fl«cc has 1^ and nearly all onr 

daring tins f r™'“ ' ,J ,',d distinct contrast, and nearly all material in 

the smear fluoresced to a magnification to find sus- 

by increasing lens and 6x ocular. The 

picious areas and confiimin„ blotted out the definite outlines of 

r eS«n:— -- — 

°''“\h«fkarbeen"omo\vork by Dr. Kline* to the effect that heating ^dnecs 
the s!^Svfty oE the ttaoresccnce stain. This may help to explam rvhy thts senes 
nvl^g anLlaving did not reveal snch a striking tnerease m the number of 
nositives An increase of even 1 per cent is important. 

If only one microscope equipped for the fluoiTScent technique were avail- 
, t 11 , ipvar niilA- one person could look at the slides. On the other hand, 
;“erS pctrl'the laboralor,- conld look at slides stained by Ziehl-Neelscn 
technique It would appear that no time would be saved by the fluorescent 
method However this is only partially true, for by the fluorescence method 
one individual could look at the same number of slides that two, three, and even 
four could observe by the Ziehl-Neelsen method. The accessories to this method 
do not render the monoenlar microscope unsatisfactory for routine baeteriologic 
examination of other smears and cultures. It becomes satisfactory for any stain- 
ing use by simply changing to another ocular minus the yellow filter. 

The accessories are reasonable in price. The blue nltraidolet filter, alumin- 
ized mirror and yelloiv filter are available for .$10.00 from the Spencer Lens 
Company. A Universal light of low A'oltage and high amperage costs .$23.00. 

Other chemicals that ivill fluoresce very little, or not at all, used in con- 
centrating sputum and yet satisfactory for mailing purposes were investigated. 

This investigation revealed that the fluorescent technique for acid-fast 
liacilli, where applied to sputum concentrated ivith cresol, ivas not more satis- 


•Unpublished work. 
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I'aclory tlian our luodificatioii oT tin* Zirlil-NVelsrn iiiotliud. Il ai)j)L-ar.s that 
cre.sol lluoresri's to tlu‘ I'xU'iit of inlcrlVrinir witli tiu* clrar lluoresrcnre of tiu! 
acid-fast l)acilli. 

Tills disadvantage docs not apply to direct smears. Our .series of direct 
smear examinations was too small to comment iiiion intelligently. 

Sr.M.nAKY AND C'ONCDL’SIONS 

A total of 1,221 siiccimens were examined for tubercle bacilli with the 
fluorescent and the Zichl-Xcelseii Icchniipies. Of these. 1,123 were specimens 
concentrated by cresol, autoclavin.", and cciilrifimin^. The lluore.scenee tech- 
nicpie for the examination of tubercle bacilli was more sensitive than the Ziehl- 
Xeelsen staininf^ method, increasinj' po.sitives by I per cent, althou^di the u.se 
of cre.sol in concentration iirudiieed lluore.scenee which interfered with the 
examination of the specimens. Because of the lari^er areas covered and the 
ease of examination, the time ref|uire<l to examine the smears was reduced iiy 
oiie-fourth to one-third. 

The disadvantages of a monocular microscope, the hi^h degree of miscel- 
laneous fluorescence, and the po.s.sible fatigue were counteracted by the advan- 
tages of larger microscopic fields, simplicity of techni(|ue, rapidity of procedure, 
and increase in number of po.sitives. The simplicity of the teehniipie permits a 
larger number of specimens to be handled in a shorter period of time. 
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A QUICK, KASV MKTHOl) OU PUKPAllfNC TiHSUKH KOR MICROSCOPIC 
KXAMINATION BY COMBIN’fNO THM TRCHNJQUKS 
OF XFLSOX AXO TRRRY'» 


Wn.MAM M. Wn,HON. M.I)., Pokti.axo, Oki;. 


T HR jjiu'po.so ol' this i-'’' to report a quU-Ic, easy, and inexpensive method 

of fixinfi', einhedtiint: (hloekinsj), evittiu}^, and staining tissues for uiicvo- 
seopie exainination. Tlie tcelinifpie is simple and can be mastered by uny office 
or laboratory assistant in a few hours. With the equipment at hand and a 
little experience the actual working time ncce.ssavy for carrying out all teelw 
nieal procedures is less (lian ten minutes. The only time-consuming part of the 
method is (hat required for adequate hardening of tlie tissue block, bnt this 
demands no attention. Hardening sufficient for cutting sections occurs in from 
two to eight hours, depending on the temperature of the media. Cutting, stain- 
ing, and mounting for iinmediate mieroscopie examination cati he accomplished 
within a few minnte.s. 

I claim no credit for the development of any item in this techmqrre. In 
fact, the procedure deseribed herein merely represents the manner in which I 
have conveniently utilized, with minor modifications, the following well-de- 
veloped techniques — (1) The use of protein for embedding small tissues, de- 
veloped by I. A. Nelson^ in 1934. (2) A new principle in the microscopic ex- 
amination of fre.sh unfixed tissues, developed by Benjamin T. Terry^ and first 
reported in 1926. Terry’’ ^ has since reported numerous improvements in 
technique. 

EQUIPXIEXT 


1. Egg albumen ez’ystals, 4 ounces. Albumin crystals make mueh better 
blocks than does powdered egg albumen. Domestic egg albumen crystals are 
superior to imported preparations of the same. These can be purchased at any 
Izaker’.s or candy maker’s supply hou.se. t 

2. A sheet of ordinary wrapping cellophane (not waterproof) or pafapar 
parchment paperf for making embedding Izoxes. Either of these can be pur- 
chased at most department .stores. Patapar is easier to handle and makes a more 
■Stable box. 


3. A small dish, about the size of a one-ounce ointment jar, is satisfactory 

4. Terry’s safety razor blade microtome. Directions for making this in 
o.xpens ive, clever little apparatus have been publisiiod by Terry ^ In a fo tl 


•From tlio Dunartiiient of OynecolOBical rathology, 
HocoKed for publication, Afay 13. 1041 . 


University of Oregon AJedica) SelmoJ. 


tl obtained tliis material from Gray and Comcany larir, v w r,-, • c., 
^Manufactured by t!,e Patterson Parchment Paper Conm.any.' CrLTof mf' 



53S 
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c-oiiniiy: publication Terry will de-seribo his sai'ety razor blade ‘'pocket'’ uiicro- 
toinc. A sharp old-tasbioned i-azor may be iisctl I'or sect ion inir, but obviously it 
is less convenient. 

а. Fornialin. 40 per cent (neutral or .slightly alkaline), 4 ouJices. 

б. A medicine droi)per. 

7. Fine-pointed thumb i‘orcej)s. 

S. Clean cover -slips and a microconeavity slide or a .sjjeeiai -slide such as 
deseriijcd by Terry.^ 

9. A small slice of silk si)on"e stra 2 )ped to a >fla.s-s -slide with waterproof 
adhesive tape. 



rife'. 1. — An easy method of constructing cubical boxes for embedding purpo.'^es. Tlte wood 
block slion'Xi aboce measures aj incli in all diameters, 

10. A fine-poiuted eamer.s-hair brush or a small ine.xpensive atomizer for 
apidying stain. 

11. Neutralized polychrome methylene blue (Ten-y)® 0.5 Gm. Place this 
into a clean 2 ounce bottle and add 50 c.c. of distilled water. 

12. A microscope with a good microscopic light. If reflected light is pre- 
ferred, a 100 watt, frosted, Mazda electric light bulb, provided with a shade or 
a small photo flood bulb, is recommended. 

TECHNIQUE 

Fixinff and Finheddinff.— Three grams of egg albiuuen crystals are dissolveti 
in 10 c.e. of tap water. This qiiantitjr of emulsion is sufficient for one hu-ge- 
sized block, or two small ones. Complete solution of the crystals takes from 
forty-five to si.\'ty minutes, unless the mixture is stirred frecpiently. This time- 
consuming factor can be obviated by making up reserve quantities of the 
emulsion which can be preserved at refrigeration temperatures for several iveeks. 

~^his can be obtained from Benjandn T. Terry, 1001 N. V-akima Ave., T.icom-a, Wusli. 
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f..r a.'e »«i>' I '‘i 

piiUHMl in a Miiall a.sh. or fixed) is placed in 

Cl- protein IS poured ...to Uu - . • 1 ceiitinicter or 

the emulsion. A s.n,de l-‘ 7 ‘ of ondoinetriuin, can ho 

mnncrou.s smiall tra-inen .s o '"j; 40 ,.o„t formalin, is poured 

«nbedded into a tiu- formalin should be .slightly 

into the di.sh around le i ■ i:.,jvsis the formalin gradually permeates 

,1,0 lovol of h pvobin ,o £ov.n a aoH 

. 1,0 o,...,koM 1,.;;, Lvo to eight ho..,,, ao- 

blook. ' I Jj,, ^ little cs|>ofieiieo in palpat- 

1;:" ti:: «.h..a.«,s 



pjg 2.— l*ow-power view of an endometrial polyp. 


In an incubator at 140° F. a sufficient hardening can he secured in about two 
hours, while at a temperature of 70° F. adequate hardening may take from eight 
to ten hours. The box containing the egg emulsion and tissue may, however, 
be left in the formalin for twenty-four hours or more without danger of ex- 
cessive hardening. \Vhen sufficiently hardened, the block is held in running 
water for a few seconds to remove the excess formalin. The cellophane or 
patapar wrapper peels oft' easily. After trimming, the block is ready for cut- 
ting. When small fragments of tissue, such as strips of endometrium, are em- 
bedded, it is usually more convenient to divide tlie block into two or more squares 
before sectioning. If it is not convenient to cut sectioirs immediately, the block 
sbould be immersed in water to prevent drying and cracking. Any portion of a 
block before or after cutting can l)e preserved in tap water for day.s, or in 5 
per cent formalin for mouths. Ti.s.sue embedded by this method is easily re- 



















WII.S()N; I’UKI'AKlNt! TISSl’KS I'OK SII('1!<)S(;()I‘I(,‘ KXA.MfXA’l’lOX 




iiiovcil I'roni lln* oiuiHuidiiijr sulisljiiii'f ami can lie iN’hlockcd (ior Uio ))tii’|)o.s(,; ol 
sociiriiif' i>crniaiu‘nt si'clioiis) liy sunn' kIIkt means, such as tile slow iiara/fiti 
inothmi of iinin'o.unatinn. 

Cu{tinii.~-T\w hlnck can lie scctumcd {‘asily hy I’rccliand cuUitif' with an 
ordinary, sliarp old-fashioned laizor. With little exjierience satisfactory sec- 
tions, measuriiifi: a fraction of a iniliinx'ler in thickness, can lie obtained. Uni- 
formly thinner and better sections can be obtained, however, by employing 
Terry’s* .safety razor blade microtome. Wettin»: the block frequently facilitates 
euUin.i'. Sections may be wa.shed ami stained immediately after cutting or they 
may be i>laced in water to pi'cvenl dryinii until convenient to .slain. 

■S'hn'aia//. — Terry’s neutralized jiolychrome methylene blue is a most satis- 
factory preparation. Only one surface of a .section is .stained. Over-staining or 
.staining mure than one surface hinders proper transillimiination and clear 
vi.sualization of the tissms To slain, place a .section on a thin slab of wet 
sponge. If not jireviously washed, gently spurt a few drojis of water on the 
exposed surface. Excessive water will be ab.sorbed by the sponge. The stain 
may be painted on with a finc-iioinled camels-hair bru.sh or .sprayed on with an 
ordinary atomizer. Adequate staining is .secured in from one to three .seconds. 
The intensity and dciith of staining arc controlled by washing with water. As a 
rule, properly sttiincd sections are secured by washing almo.st immediately after 
applying the stain. Washing is easily aeeomplislied hy siiurting a medicine 
dropper or two full of water upon the .stain-eovered surface. The underlying 
sponge, if .sufficiently wet, will ah.sorb exee.s.sivc stain and prevent staining of 
the undersurface of the section. After staining, the .section must be mounted 
and examined immediately, since it fades fairly rapidly. 

Mounthuj . — The section is placed on a cover slip with its stained surface 
next to the gla.s.s. The cover slip is then inverted and mounted on an ordinary 
microeoneavity slide with the .section in the cavity. It is now ready for trans- 
illumination and examination. If difficulty Is experienced in transiiiumination 
the section either is too thick or is ovcr.stained. 

Examinalion . — While tliis method of preparing sections is most .satisfactory 
for the examination of ti.s,sue.s luider low-power magnification, e.xcellent iii'^h- 
power views of most tissues can be obtained if the sections are thin enough and 
.stained properly. Photomicrographs of .sections prepared hy this technique are 
generally unsatisfactory because of thieknc.s.s of sections and the tendency of the 
stain to fade rapidly. Figs. 2, 3. and 4 are photomicrographs of sections photo- 
graphed immediately after .staining. Obviously, the interpretation of .sections 
prepared by this method requires as much knowledge of histology and patholo»-y 
as is needed for the correct interpretation of .sections prepared hy other methods 

SL'JIMAKY 


1. A tcclinically simple, ine.xpcn.si%'e method of preparing ti.ssues 
micro, Hcofhe examination is pre.sented. 

2. 'I'lie method is applicable in the office a.s well as in the laiioratorv 

3. fP:eanse of the time required lor embedding, tlte method cannot he 
piircU v/itii frozen section technique for .speed. 


for 


com- 



542 


TUI'; .JOUHN.U, Ol'’ UAIIOUATOKY ANT) CMNICAU .MKDICINH 


4. AVitli litllo c*xpi.T'iiTi(.H‘ sections c;in Im* seenred tliiit. are as "ood as, if not 
belter than, tlio average frozen section. 

5. Serial sections of biopsy specimens can be secured (piickly and at less 
expense than by any otlier inetliod I know. 

0. This method should be jiarlieidarly useful in tin; oftii-e practice of sur- 
geons and ‘^yueeoloj.'ist.s, wlio tiiroutih adecpiate training,', have acfpiircd a "ood 
knowledjfe of mierojiatholojiy. For instance, in iny oilice it has been jiarticu-' 
lavly useful for the examination of l)ioi).sy specimens of lesions of the vulva, 
vagina, and cervix, as well as for the e.xamination of endometrium obtained by 
suction cvu'cttat'c. 

iti;i''Kui;.NXT';.s 
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Frozen .Method, .1. L.ui. A: Cl.l.v. .Mt:i>. 20: litU, Dl'iS. UKi.'i. 

2. Terry, Ueiijiimiu T’.; A New Prineiple in the .Mieroseojiie Kxiimiinilion of Fresli Uu- 

fi.xed Tissue, Proe. .SttilV Meet., .Muyo (Tin. 1: .'i7, 201*, ll>2l). 

;’>. Terry, Benjiunin T.; Imiiroveineiit in T'eelmie nnd Ite.-ults Made on K.xnininin;' Micro- 
seoiiienlly bj- the Hazor Section Alethod 2.000 Malit^nant Tissues, .T. Laii. A; Cr.i.s. 
AIki). 14: oPJ, 1020. 

■1. T'erry, Benjamin T.: An [ne.x[)ensive, Kasily Afade, .Safety Itazor Blade Alierotonie AVith 
Technic Kspeeiully Useful in the Immediate Alieroseopic I)ia”nosi.s of T’issue, 
Am. J. Clin. Path. 7: OO, P.K17. 

I wish to acknowledge my indebt>'dness to Dr. Benjamin T. Terry for Id.s lielpful Inti.rest 
nnd counsel. 


A .STUDY OF TYPE IIEiMOEYTTO KEACTIONS OF IILAIAN EEI) P>L00D 

(’EEl.S IN DISEASE'’ 


Ebsie WiECZOitowsKi, Pit. I)., AND H. R. Fisiihactv, :M.D.. I’u.D. 

('lUCAGO, ll.I., 


O F THE many inetbods iind orreat variety of reagents tluit have been used 
to test the fragility of red blood cells only one lias been found to have 
practical value as an aid in diagnosis. Hypotonic solutions of sodium chloride 
are used to test the fragility of erythrocytes in hemolytic .jaundice and obstruc- 
tive jaundice and have been reported as a prognostic guide in pneumonia.’ This 
test has been applied to many diseases, but a review of literature does not reveal 
any systematic study in which several types of hemolytic agents were used to 
test the strength of red blood cells from a number of different diseases. This 
study is based upon the use of a comparatively short method which is adaptable 
for the use of several kinds of hemolytic agents. The method has been applied 
to red blood cells from normal individuals and patients with various diseases. 

KKVGENTS 

As a neutral salt sodium chloride was used in liypotonic solutions. Its 
hemolytic property is believed to be due to osmosis, although various explana- 

^rom the Department of Patholog>% Northwestern University Medical School, Chicago. 
Received for publication, May 13, 1941. 
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'I’Yl'K UKMOIA’TIC ItKACTIONS 


of •icUon'-’^ Because it has been so 
lions are proscnled eoueorning Us mutt « .. y.^.^stick” for comparison of 

widely used by other invesUi^alovs. U is a «oou 

leases are believed to be 

The hemolytic properties ot at > physical state of the 

more complex action. It may m < concerned with the respective H and 
cell proteins^ or tiiat the action sodium carbonate were 

OH ions of the acids and ba.s^cs. ^ ^-espectively, because they are 

chosen to repre-seut the acid an ,t,:o .n-oup' A reaction which took place 

less toxic than the stronger clouded the system and made 

beuvee., lactic tWa it exCuded from thia report, 

accurate readings difficult. Beca .. ^ soaps whose lytic proper- 

Sodium oleala wa,s uaod m, a Thia « contrary to the 

ties are now attributed to t icu f effects of those active hemolysins to 

former interpretation, which 

he derived from their lipoid solvcn c i hemolytic properties are 

Saponin p'ornina 4 a far ^catar extent than 

probably due to its leaction 

with the lipoids. hemolysin. It is a rather weak hemo- 

Alcohol was used gi„t. A protein precipitate forms in the 

lysin, but gives a very deftn complete, but does not enter into con- 

system a short time after Jf/^Xd o be described, 

sideratlon within the time limits of the metnou 

method 

o . K rt nf hlood were draivn from the antecubital vein into dry, 
Prom 3to5 c.c. of bl immediately to sterile test tubes containing 

sterde syringes and tra anticoagulant does not alter the 

potassium oxalate it oxalated blood were 

lytic properties of led chloride solution and centrifuged ten 

washed four times m 0.9 pm cent 

minutes after each little mechanical damage to the cells. An average 

1,500 r.p.m.) there i ^as recovered from 5 c.c. of normal hlood. Suspen- 
ftalTeS ;rtPa:ed f„ .he peoportiou of .d e.c. ef ecytheoeyfee 
to 97.6 e.c. of 0.9 per cent sodium chloride solution. 

Table I 



PER CENT CONCENTR.VTION 


Sodium chloride 
Saponin (xlO-2) 
Sodium carbonate 
Sodium oleate (xlO-^) 
Ethyl alcohol 


0.075 

0.833 

0.225 

0.125 

128.50 


2 i 
0.1501 
0.667 
0.180 
0.100 
l23,75 


3 

4 

5 


mi 

_ 8 

9 

10 

0.223 

0.300 

0.375 



roBtilil 

liffiWff 

0.750 

0.500 

0.433 

0.333 

0.287 

0.250 

0.220 

0.200 

0.180 

0.133 

0.090 

0.067 

0.037 

0.030 

0.022 

0.015 

0.007 

0.083 

0.067 

0.050 

0.042 

0.033 

0.025 

0.017 

0.008 

20.58 

15.83 

12.67 

7.92 

6.33 

4.75 

3.16 

1.58 


A series of ten hemolysis tubes was set up for each lysin, consecutively, 
using varied quantities of stock solutions with 0.9 per cent sodium chloride as 
diluent. These tubes, together with a tube of red blood cell suspension, were 
placed in a constant temperature bath set at 37° C. + 0.2 degree. When the 
contents of the tubes reached a temperature of 37° G., an equal quantity of 
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c»..o was „aod .0 kce,, ,.u is' 

Table I shows the coneentfations of eaeh lysin 

fee ^ 

through the container. If lieinoiVsis wisent^*'”] n \ passing 

the time necessary for completion w-is vo- .• ‘‘T 

complete hemolysis because the contents of ‘thlui T 

of a half-hour period the dom-o. i f 

corded. The thirty-minute neriorl i ‘*** estimated and re- 

a fairly wide dilution rangi of th^ h^Tns” m"d "Tl i» 

colloid-crystalloid adjustment in the eells or for ch V"'"‘ 

nets set free in the tubes. ’ change ot any hemolysis prod- 


RI-ijUL'r.s 


A\tiage values lor each Ivsiii wi‘Pi> m. t i i 
erythrocytes of normal individuals. Thirty fiv^mr "" 

age from 5 to S4 yeais. The level ef i *i • ^ ^ n-'icd, ranging in 

considerably, but variation in a'a* Ind tlifterent individuals varied 

cells. «>t,'n.heant elleet on the reaction of the 


^formal 

Pernicious anemia 

Secondary anemia 

Obstructive jaundice 

Pneumonia 

Scarlet fever 

Sepsis 

Meningitis 

Tuberculosis 

Carcinoma 

Sarcoma 

Syphilis 


so. 


35 

0 

S 

4 

10 

10 

9 

10 

10 

10 

9 

9 


Normal 

Pernicious anemia 

Secondary anemia 

Obstructive jaundice 

Pneumonia 

Scarlet fever 

Sepsis 

Meningitis 

Tuberculosis 

Carcinoma 

Sarcoma 

Syphilis 


35 

9 

8 

4 

10 

10 

9 

10 

10 

10 

9 

9 


T.Uile II 

Complete IIk.\ioly.sls 


SAPO.M.N' 


0.342 

0.344 

0.327 

0.310 

0.285 

0.341 

0.372 

0.314 

0.373 

0.383 

0.355 

0.319 


SOD10.\I 

CAimox.VTE 

“O.OOG 
0.074 
0.078 
0.084 
0.004 
0.072 
0.07.-! 

0.055 
0.072 
0.070 
0.082 
0.071 


' SODIUil 
OLEATE 


0.055 

0.055 

0.002 

0.004 

0.052 

■ 0 -. 0 C 2 

0.004 

0.057 

0.054 

0.003 

0.055 

0.053 


0.195 

0.193 

0.193 

0.180 

0.197 

0.194 

0.207 

0.180 

0.180 

0.204 

0.193 

0.191 


Thkesiiolu op IIemolysis ' 


ethyl 

alcohol 


15.24 
15.48 
15.01 
15.83 
15.83 
14.88 
10.77 

11.25 
15.83 
lo.SJ 
10.01 
15.48 


± indicates statistical siijniflcance. 


0.020 

0.015 

0.024 

0.024 

0.031 

0.014 

0.017 

0.009 

0.012 

0.023 

0.024 

0.029 


0.030 

0.020 

0.033 

0.035 

0.035 

0.038 

0.038 

0.034 

0.030 

0.037 

0.031- 

0.038 


.SODIU.M 

CHWiUDE 


0.219 

0.175 

0.200 

0.113 

0.195 

0.105 

0.175 

0.188 

0.203 

0.188 

0.175 

0.225 



Tests Avere then made of the red blood cells of patients with 
Table II gives a summary of the average values for beginnino- 
of hemolysis. ° 


A'arious diseases, 
and completion 
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DISCUSSION 


111 iiiialyzini^ Tiililc II two (‘oiulitious lire evident wliieli lower tlie stutistieul 
siniiilieaiiee of the resiiUs. One is the runiled ninnlier of eases studied, only 35 
for the nonnal lii'iires, and still less for results in eaeh of tlie diseases studied. 
It is realized that inereasinv; the nuinher of eases taken at random improves 
the statistical aeeuraey. Practically, however, one is limited as to the number 
of patients available. Furthermore, the objection as to numbers of eases is 
mitigated by the rather low swings from average in the individual ease studies. 

A further statistical objection relates to the lack of fineness of gradation 
in the hemolysis tests themselves when only ten lubes arc used. However, the 
tests were formulated so that the hemolyzing zone would be found in the centra! 
tubes in normal cases. A swing to the right or left in abnormal cases would 
still be recorded within the given number of lubes. In a very large series of 
tests, adding still further to the number of lubes obviously would improve the 
statistical evidence of trends in the results within narrow limits, but would not 
improve the accuracy of the test. 

It appears from the recorded results that the red blood cells are rather 
well adjusted to possible changes in the blood during disease. At least there is 
little evidence of variation from normal in the resistance of the cell when ex- 
posed to substances which affect either o.smotic factors or protein or lipoid con- 
stituents of the cells. Even when the averages were altered significantly, the 
range of concentration at which hemolysis occurred was, in most instances, within 
the range at which cells from normal persons were hemolyzed. 


This seems to be the case in reports of other investigators also; that is, 
few have found any consistent reaction of the red blood cells that would be of 
diagnostic value. Trends are indicated but individual cases often vary from 
increased to decreased resistance when testing several cases with the same dis- 
ease, as reported by Hill" and SimmeP on pernicious anemia. Randall® found 


tlie red blood cell resistance in pernicious anemia to be decreased, while Giffin 
and Sanford,” and Cassells'” report an increased resistance. On the other hand, 
Daland and Worthley" record normal maximum and decreased minimum re- 
sistance. All these investigators used hypotonic solutions of sodium chloride to 
test fragility. When saponin was the hemolysin, the reaction either was normal 
or showed a decrease in resistance.'^''"* 

Needles' found a definite relationship in pneumonia between the resistance 
of red blood cells to hypotonic sodium chloride and the amount of lung tissue 
there is a .significant increase in mean resistance indicated 
m dable II, the data m these experiments show that many cases fall within 

normal range, and there is no such correlation of the resistance and extent of 
lung involvement. extent; oi 


Diffeicnt results might have been obtained had the cells been nnw^cU i • 

ca.. possible changes in the sernm svouM have P .yea an w ’ 

llowevei-, since Ibis -roup ot e.sperimcnta ivas on the cell, themsrr .I 
had to be eliminated bv r , them.selves, the serun 

, ' a.shin,,, in oidci to make the coiiditinnc nf ft 

ment as uniform as possible. eonuitions ot the expei-i 
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SC-MMAKY 

A method lor testinj^ I'nif'ility ol' retl Idood eells witii ii variety of type 
liemolytic agents is presented. 

Tlie Iiemolytie level of human red l)ioo<l cells with various lysins is iiidit- 
fercnt to the factor of ago, from 5 to 84 years. 

Results of applying this method to red blood eell.s from patients witli 
pernieious anemia, .secondary anemia, obstructive jaundice, i)neumonia, .scarlet 
fever, meningitis, sejisis, tuberculosis, carcinoma, .sarcoma, and .syphilis are 
recorded. 

No significant changes of new diagnostic value were found in the erythro- 
cytes with the method employed. 
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SIllPLIFIKD METHOD FOR ’ 

prbonanc\* 


S. Aschukim, M.D., Nkw York, N. Y. 

f.v which I discovered in 1927, is based 
•-pHE biologic diagnosis of prcgnan , pregnant 

1 on the presence of gonadotropin in the uiine 

women. My original method is ' j^en, one needs five immature 

For the examination ot g g om. The total amounts m- 

female mice. 3 to 4 ® ^ vary, but in every case six ecpial 

jected subcutaneously »Yo the fortv-eight hours. . , 

injections are made, distribute ^ 12 c.c.), the second animal 

The first animal six 0 3 e.c 

six times 0.25 e.c. (total l q.I c.c. (total 2.4 c.c.). Vaginal 

(total 1.8 «•«•)> "“f/'^^gfthlTday on. After ninety-six hours the animals 
smears are made from th 

are autopsied. . . ^ o^. better, with a hand lens. 

The ovaries are examin l,,tea is considered indica- 

nte rp'r^ane^^ method gives from 98 to 99 per cent correct results, and 

only from 1 to 2 t’^o fmale immature rats does not give better 

Application of the sa^^^ modifications of the method are based on the 

results than ^inth t gonadotropin in the urine or the blood. 

same principle namel>, l - fgmale rabbit, can 

The modifica 2 te.tV-Lr hours after intravenous injection of from 
give a The modification of this Friedman method, as used by 

7 to 10 c.c. o forty-eight houi-s. One injects 5 c.c. of urme on 

Brouha, g ^ ^ on the second day, into the ear vein of the female rabbit. 

‘Lwl^and the preeeocc ot hemov.hasie tollieles are aigna of the action 

°* *n,£v raodiSons arc the ones by Broulia-Simonnet’- and Kraus,-- These 
hia 1 ddsP immature male mice or rats whose seminal vesicles increase in volume 
^ailv injections of pregnancy urine during seven or eight days. This 
• e in the volume of the seminal vesicles is caused by the action of gonado- 
mcrease^ testicles, especially on the interstitial celE of Leydig, which manu- 
7actm-e the male hormone; this male hormone in turn produces an overgrowth 
of the seminal vesicles. 

Bour"^ has employed a male rat and a female rat, both immature. He 
injects 1.1 e.c. of urine daily for five days and studies the seminal vesicles in 
the male and the ovaries in the female. 

^ Tvrjinsldltil from the French by Alfred Plaut. Beth Israel Hospital. Xew York. 

Beccived for publication. May 21. 1941. 
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Shapiro and Zwaronstein^ have employed the Soutli African clawed load, 
Xenoinis lucvis, as a test animal. After injection of iiregnancy urine, the 
animal will lay eggs after ovulation has been stimulated. The result can he 
studied six to eight hours after the injection. Hlkan' has obtained .satisfactory 
results with this method. 

If I have tried to find a .simplication of the method, my rea.son for this 
was not the hope of imiiroving the result.s. External factors have induced me 
to look foi' a more economical method as far as material, working' time, and 
expenses are concerned, in short, a method adapted to pre.sent condition.s. The 
reasons are the following; 

^ly original method with the live mice, and its modifications, re(iuire much 
work hccause injections have to be made fre(iuently, and the same applies to 
the exploratory laparotomy in the female rabbit. 

Taiilk I 



NO. 

OF 

OASES 

KAT TEST 

UAimiT TEST 

EEMAKKS 

Normal jirogimncy 

U-S weeks 

9-12 weeks 

13-20 weeks 

2S-30 weeks 

Unknown 

13 

11 

0 

■t 

1 

Of tlicse :>5 test.s, 
33 were positive, 
none negative. 

Two rats died 

21 po.-itive 

2 negative 

2 rabliit.s died 

In 7 cases no ridi 
bit tc.st was mad 

'I'wo fal.'JC negatives 
with the rabbit test 

e 

Abnormal pregnancy 

3 montlis tubal, one 
(lay after operation 
for rupture 

1 

Positive 

Not made 


Two montlis tubal 
gestation 

1 

Positive 

Positive 


Same case — 

0 weeks later 

1 

Negative 

Negative 

Operation revealed 
ail old tubal abortion 

Missed abortion 
(intrauterine) 

1 

Negative 

Negative 


Nonpregnant women 
(amenorrhea, menor- 
rhagia, menopause, 
castration, myo- 
mas) 

30 

Negative 

10 not made 

17 negative 

3 positive 

Tliree false negatives 
with the rabbit test 
In the menopause and 
after castration the 
rat test was negative 
even with 1 c.c. of 
urine 

Teratoma of testicle 

1 

Negative 

Negative 


Note: There were no 

false results with the 

new rat test (two 

rats tiled). 


Bujdng the animals is expensive. That is why I have put to myself the 
question how it is possible to simplily the method by using immature female 
rats four to five weeks old. 

Applying the original method to immature rats has never appeared ad- 
vantageous to me. The hemorrhagic follicles are often absent, and sometimes 
the corpora lutea are difficult to distinguish from the interstitial tissue with the 
naked eye. 

Why then did I choose the female rat as a test animal? 

The Third International Conference on the Standardization of Hormones 
of the Health Organization of the League of Nations,'* at whieli I was i^resent, 
recommended creating an international standai'd for the gonadotropic sub- 
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staueo obtained from pregnancy nvlne. The ConCeveuec decided that the in- 
ternational unit would l)e defined as representing U\e specific gonadotropic ac- 
tivity of 0.1 mg. of a .standard prepared by mixing numerous samples. This 
standard lias been examined by mnnerovis workers in order to determine its con- 
tent of rat units. 


It is agreed that a rat unit is the uvunlier of international units which 
produces in 50 per cent of the immature rats, injected subcutaneously during 
two or three days, vaginal kcratinization. Formation of keratinized cells in 
vaginal smears is known as the Alleu-Doisy test. It must be understood, how- 
ever, that preparations of gonadotropin from pregnancy urine must not contain 
estrogen. The absence of estrogen can he proved by injecting tlie gonadotropin 
into castrated animals. Under these conditions the method for determination 
of gonadotropin in pregnancy urine can be used for commercial preparations 
in spite of the fact that the method is based on an indirect effect and not on an 
ovarian change. In the method I have called the simplified method of the 
pregnancy reaction, 1 rely entirely upon vaginal smears (the Allen-Doisy test) 
Avitliout entering into the question whether the reaction is caused by gonado- 
tropin in the urine or by estrogen. As I have shown, the estrogen also is pres- 
ent in considerable c^uantity in the pregnancy urine. It also is possible that 
both hormones aet simvrltaneously. 

The method is the following; To two female immature rats, 4 to 5 weeks 
old, weighing 22 to 35 Gm. (the weight figures apply only to our strain), one 
subcutaneous injection of 0.5 e.c. of the lu'ine to be examined is given. Vaginal 
smears of both rats are made seventy-two, eighty-four, and ninety-six hours 
after this single injection. 


If the urine comes from a pregnant woman, only epithelial cells without 
free mucus and without leucocytes in the vaginal smear are found after seventy- 
two hours (often already after sixty-six hours). After eighty-four to ninety- 
six hours keratinized cells (seldom mixed wdth a few epithelial cells) are found 
The keratinized cells constitute the criterion of the positive reaction. 

The animals need not be kilted. They may be used for other experiments, 
for instance castration. 


If an autopsy is performed, easily visible follicles in the ovaries are found 

’ seldom seen and the uterus is found enlarged. Since animals 

vd weiaht. whiah hnvp n^f . 


Corpora lutea are „ emargeu. brnee animals 

of the same age and weight, which have not been injected, may also show visible 
follicles, this fact is not of diagnostic value. Only the fact that the vlrf^a 
smeai-s contain the keratinized cells after a single injection of 0 5 e c of nrm. 
is important and can be used for the diagnosis of pregnancy ' ’ ’ 

The following objections may be raised against this method; 

1. The Allen-Doisy test proves only an estrogenic effect Tn t>in i i 

injected fiuid there is el?h™rnestro-e^^^^ indicates that in the 

or a sonodotroplc tollido-stimulatiog sabstanco ,vl,ieh (S bvTh T “"f 
o£ .be ovar,. „„ tbe va^aa. Or, M,, , h,-p„pb,aeo.;''.:tC„":tb;:: 
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.stimulates the anterior loi)e oi' tlie pituitary and makes it produce and .secrete 
i'oHicle-stimulatiuf' hormone. This substance thus wouhl act upon the vagina 
by way of two intermediary organs, jiamely, tiie pituitary and tlie ovary. 

Estrogenic .sul)stance is not eliminated in the urine in sufiicient (piantity, 
.so that 0.5 e.e. in a single subeutaneoiis injection couhl lead to a positive Alleii- 
Doisy tost except in ])vegnancy. Normal women excrete less than 1,000 units. 
The presence of from 000 to 500 mou.se units per liter indicates abnormally 
increased secretion of estrogen. 

The amount of estrogen also is increa.sed in women who bear graiiulo.sii 
cell tumors of the ovary. Several hundrecl mouse units have been found i)cr 
liter of urine, but .so far one has not ob.served an excretion of G,000 uiuts per 
liter, and this is the minimum necc.s.sary for giving a positive reaction in the 
immature rat after a single injection of 0.5 e.e. The abnormal estrogen secretion 
which sometimes is found in women who have follicular cysts, or tibrocystic 
ovaries, remains below G.OOO mou.se units per liter. 

Only in the second half of jiregnancy does the elimination of estrogenic 
substance ri.se to several thou.sand mouse units (6.000 to 40,000, and higher i 
per liter of urine. 

Thu.s, if an immature rat, after receiving an injection of 0.5 e.e. of urine 
of a woman, gives a i)o.silive Allen-Dolsy test, one can conclude that it wa.s 
the urine of a pregnant woman that has produced this reaction. 

2. One cun object that the folliele-.slimulating gonadotropic substance of 
hypophyseal origin, which also is eliminated with the urine, might falsify results. 
But this elimination usually does not exceed GO rat uidts per liter; it seldom 
reaches 75 rat units in the normal woman. In women with physiologie or arti- 
ficial menopau.se (operation or .\-ray) the amount of follicle-stimulating hor- 
mone is elevated in the urine. But so far no elevation to 2,000 rat units, which 
would correspond to 4,000 mou.se units, has been found. The highest known 
figures are 1,000 mouse units. One rat unit of the follicle-stimulating hormone 
corresponds to two or tliree mouse units; conversely, in the case of gonadotropin 
obtained from pregnancy urine (i)lacental origin), one mou.se unit corresponds 
to five rat units. 

Occasionally women with pi-imary nmcnorrhea eliminate gonadotropic fol- 
licle-stimulating substance in a large amount, but in my experience not more 
than 1,000 mouse units. Furthermore, clinically in these women who always 
have an atrophic uterus, the question of pregnancy does not present itself. 

3. Increased elimination of follicle-stimulating hormone (and seldom also 
of luteinizing hormone) in women with cancer of the cervix or cancer of the 
vulva has been observed, I have examined about 100 such women, most of 
whom were in menopause. I have seldom found increased elimination in cancer 
patients avIio still menstruated. The figures in these cases did not exceed 1,000 
mouse units. I have not 3 '’et done quantitative studies of these cases with imma- 
ture rats, but I do not believe that we coidd obtam a wrong result with this 
simplified method by injecting only 0.5 c.c. of urine. 

4. The cases of pei'sisting corpus luteum sometimes have given a positive 
reaction with mice or r’abbits. These cases are very rare and one has to wait 
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I -1 u'lse ill which tlic cliffcreulial diagnosis bc- 
a long time before one insistent corpus Uiteiim is of importance, 

tween extravitevine pregnancy aiu P . ^ I Ijcttcr than the other 

In such cases the simplilied method perhaps 

methods. _ nvv^tomas o£ ovaries, and of other 

5. Cases of ehorio-eiiithelioma am ^^t yet 

organs which give a positive reaction chorionic cells 

heeu esamined with the rat me ‘ . aia<^nosis between pregnancy and 

no biologic method can give a diftciential . 

tumor. j ,„„vidotronin in (luantities, which 

6. The combined excretion ‘ ^ sta-e of knowledge cannot be 

r*urr,s^5 ,r=L 

The physician must know that 

during his clinical examination. examination. 

The biologic pregnancy tes ^ laboratory man is always 

Close collaboration bctiveeu the phjsieian 

necessary. obiections against the simplified method can 

Thus, we have seen that all the o^ecuo „ 

he refuted. ^ iniection. In some cases I have injected only 

I have chosen O.o c.c. fo 3 results e.xcept in one case in which 0.5 
0.2 c.e., and I have 0.2 c.c.’ the result was negative. I must 

c.c. gave a positive resu ^ ^ ^ ^ g^^rae results, 

continue these tests for 1 ^ become even weaker. Meanwhile, I 

all objections against the meinou 

propose the j have given a single injection of 1 or 2 e.e. of 

In five cases of p g whether or not the simplified method 

urine to male immat method would have to he based on the 

is also applicable o vesicles (Brouha-Simonnet, Kraus). Since I 

increase m size or ninety-six hours after the injection, I believe 

could not see su immature rat. 
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AN iJlPKOVED POIA-CIlIioMK JIKTilVl.KNH HLUH UOSINATE" 

i-ouis ,^IlCHEl..SOX, Bktuksda, .aid. 

or staining ,„.laria parasites 

market. Freciuoiitlv nnl-irh\" on the open 

undcrstained TaJo ollltw are eitlr 

were undertaken in an atteinpV7o''i)r''^r-''.''*^^**- reported here 

blood para.site.s. 8evei-il . ♦ . • .strong af/inity for 

agent.s were made'and fe.sted."'*The ''lue polyeiiroined with various 

sodium hydroxide was fouiul t P'^b’ehromcd witli 

with sodium bromide prior to tin* a Mv"*' ' and then treated 

after more than six montlis each lot is sHll "mT staining effect, and 

It is believed, therefore that thi- if>V • * "* l>‘>"'iler and in .solution, 

forin staining of blood ’parasite.s^ ^ pi’ovules a reliable method for uni- 

(certified) is dissolved ili^loO^/e'^'of'N/lO^^ of methylene blue ehloride 
in a ground glass-stoppered bottle of^ibmn (‘■•^‘•Iionate free) 

obtained when not more than nnr. .♦ ^''dineity. Best results are 

during the polyehroming process The*^^- solution 

65- 0. for t™ and ono-Ldf Lot', Tlti',' 

lore heating and at half-hour intervals il.n «lit?htly be- 

about a minute. At the end of two -in; solution is shaken vigorously foi- 
ls added and dLssolved in the polvchroi°"T ^ bromide 

ngain heated in the water talll t lir,” . r:*'’': '”'.'” “"J "■« “ 

cool, and filtered. one-halt hours, allowed to 

To the polychromed methylene blno fiU,..,. • , , 

atpieous solution of eosin “Y” fccrtifiofl ^ 

mLxed well with a glass stirring rod. Mor alcohol soluble), and 

until the solution between the precipitated narK * 1 ” ^'1 ^ amounts 

is best observed by letting a little of the precinit.r'V‘'‘" This 

the inside of the upper portion of the beaker f* solution run down 

eosin solution give the desired maximum 

precipitate is allowed to stand for from ei-hteen ‘t T ‘^o«i»ate. The 

precipitate is then collected on hard filter paper h, 1— The 

vacuum until the precipitate is sufficiently dry to . funnel with 

allowed to dry completely in the incubator at 37° C ■, Pi’oeipitate is 
powder in a mortar. The powder is stored in ■, ground to a fine 

bottle. . tightly stoppered glass 


♦From the Division of Infectious Diseases, National Institute , 
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In the stain O.l tlin. of the powder is dissolved in 60 c.e. of absolute 

methyl alcohol, acetone free. The stain is allowed to stand two to three days, 
occasionally shaken, until the dye appears to be eoinpletely dissolved. The stain 
solution is filtered and stored in a small lightly stoppered bottle. 

STAlNIXn TECHNIQUE 

1. Cover a thin blood film ^jvith 0.5 c.e. of stain and allow to fix for one 
minute. 

2. Dilute the stain with 2 e.e. of phosphate buffer solution, mix thoroughly, 
and allow to stain for three minutes. A pH range of 6.4 to 7.0 for the phosphate 
buft'er diluent is satisfactory. When suitable diluent is added, an iridescent 
scum is formed over the stain. Best staining results are obtained with freshly 
made diluents, not more than one week old. 

3. Wash by flooding with distilled water. Air dry and examine. 

This technique is simple and rapid, and has yielded uniform and superior 
results. It is easy to obtain stained preparations free from precipitated stain. 



CHEMICAL 


A 


COJIPAKISON OF TIIK BOUAN8KV AND 
ill-yriIODS FOU the OiyrERMiNATlON 

PHOSPHORUS* 


FISKE-SUBBAROW 
OF INORliANlC 


JOrfKPII .M. UoOXKY, M.l)., AND L’ou.v 0. Dykk, .M.S., H.T. 
\VoKCt>;TKU, H.VSrf. 


D URIN(J the couise ol' our iiivi-sti^atioiis of tlie i)hysioIogic functions in 
schizophrenic j)atients, a study was made of tlie scrum phosphatase levels. 
This nece.ssitated a change in tlie technhpie of pliosphorus determinations from 
the Fiske-Subbarow* method previously u.sed to that of Bodansky.-’ •' As the 
phosphorus values seemed to run lower by the new methoil, iluplicatc analyses 
of 19 sera were made by the two methods. The results of these analyses arc 
given in Table I. The values given under the stannous chloride method have 
been corrected in accordance with the instructions of Bodansky. Because two 
cases did not have duplicates by both methods, the statistical analysis was 
carried out for only 17 samples. 

It will be noted that despite the.se corrections the use of the Bodansky 
technique gives lower values than that of Fiske and Subbarow. The correla- 
tion between the two methods is 0.87, and the values of the Fiske method can 
be calculated from those obtained by the Bodansky technique after applying 
his corrections by applying the following regression c<iuation: 


V = 0.7784 X + 0.9511 
where Y = inorganic phosphorus Fiske, and 

X = inorganic phosphorus Bodansky corrected. 

The equation for the uncorrected Bodansky value is 
Y = 0.973 X' + 0.327, 

where X' is the uncorrected Bodansky value. The error of estimation by these 
equations is + 0.18 mg. 

The mean value obtained by the Bodansky method was 3.12 + 0.1 mg. per 
cent, while that by the Fiske method was 3.31 ± 0.1. These values were from 
a group of chronic schizophrenic patients and are lower than those found in 
the acute stage of the disease.-* 

Since the two series show a high correlation, in order to test for significance 
of the difference between the means, it is necessary to use the e.xpanded formula 
for the standard error of the difference: 


V Br + Er - 2r (E,E„) 

where Ei and E„ are the standard errors of the means, and r is the correlation 
coefficient between the two sets of observations. In this ease the standard error 


slaM^sSua?. 
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compared to a standard curve. The method, liowover, is about si.'v time.s, more 
sensitive than the Fi.sko method, so that determinations can l)e made on sinalier 
amounts of material. 

The deviation from Beer’s law is due to the reduction of the uncombined 
luolybdic acid, and the precautions outlined by Bodansky must be followed in 
order to minimize thus reduction, as shown in the blank. All alkaline solutions 
must be stored in paraflined bottles and the X 10 sulfuric acid should be kept 
in a pyre.K glass container to prevent the contamination of the solutions by 
silicates. This effect of silicates has been noted by Boe and Whitmore." 

Berenblum and Chain"' ' have noted similar difficulties in the use of .stan- 
nous chloride as a reducer and have devised a method for overcoming this by 
extracting the combined ])hosphoiuolyb<lie acid with isobutyl alcohol to remove 
the e.xcess of molybdie acid. This method, though capable of giving accurate 
results on dilute solutions, recpiircs .several extractions and washings, which are 
somewhat of a nuisance when many determinations must be carried out. 


.St;.MMAKV 


Duplicate analyses for inorganic phosphorus were made on sera from 17 
schizophrenic patients by both the Ffske-Subbarow and tlie Bodansky methods. 
Readings were made on a Lange photoeleetrie colorimeter. 'Die deviation from 
Beer’s law produced in the Bodansky method, using stannous chloride us the 
reducing agent, is not completely eompen.satcd for by the corrections applied 
by Bodansky. The variance of the Bodansky method is 0.0J38 as compared 
with 0.0045 for the Fiske-Subbarow method. 

By the use of a photoelectric colorimeter and eomiiarison with a standard 
curve, the error of the Bodansky method due to ileviations from Beer’s law may 
be kept at a minimum provided tiiaf extreme care is taken in duplicating the 
reagents used. A known phosphorus standard sliould be included in each 
series of uirknowns as a check on the reagents. If a photoelectric colorimeter 
is not available, reasonably accurate estimations can be made by application 
of one of the formulas given to tlie values obtaineil witli a Dubosep type colorim- 
eter. 
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ESTBIATION OF VITAMIN I) IN BLOOD SERUM* 


Vitamin D in Human Skhum Dukino and Aitkr Periods op 
Ingestion op Large Doses op Vitamin D 


JosEP AVarkany, j\LD., George j\L Guest, M.D., and 
Prank J. Grabill, M.S., Cincinnati, Ohio 


TN THE two preceding papers of this series'* - a method for the estimation of 
the vitamin D content of blood serum was described, and data were pi’esented 
on the vitamin D content of blood sera from persons taking a normal diet with- 
out added vitamin D. In 155 samples of such human blood serum the average 
concentration of vitamin D was found to be 110 U.S.P. units per 100 c.c. ; but 
values between 66 and 165 units per 100 e.e. were regarded as within normal 
limits, especially when assays of individual samples of serum were based on a 
small number of line tests. No significant difference was found between the 
vitamin D content of sera of normal children at ages beyond infancy and the 
sera of adults. 


The present report deals with similar assays of the concentration of vitamin 
D in the blood serum of adult patients examined at varying intervals durino* 
and after periods in which large daily doses of vitamin D were prescribed. These 
persons were suffering with mild or moderately severe chronic proliferative 
arthritis of several years’ duration. For the opportunity to study them we 
are indebted to Dr. Stanley E. Dorst, of the Department of Medicine of the 
University of Cincinnati. While these patients were treated with vitamin D it 
was thought that the assay of the vitamin D content of their blood sera' at 
different times might add information concerning the metabolism of vitamin D in 
the body. The use of large doses of vitamin D in the treatment of chronic 
arthritis has been described by numerous authors (see review of this subiect bv 
Abrams and Bauer^). It is not our purpose to discuss here the merits or 
demerits of this form of therapy, but merely to describe the changes in concentrn 
tio„ of vHam „ D wl, oh we fo.md in the blood scrum of these patients follow; 
mg the mges .on of largo doses of ritamin D. Assays of vitamin D in sin"e 
samples of blood serum from children receiving equally large daily dos« of 
Vitamin D for various therapeutic reasons havp i i a. “ 

to those reported hero. y.elded-data essentially similar 

For USG ill tliGSG investigations twrv 
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tcrol in nil, ""■■''■"i end, .nninini,,., 50,000 „„il., „£ vio“ 

, , MCTUODS 

D content, '»«•'' va.T considerably in vitamin 

'vudi the vitamin D concentration ‘.dK- ran^rc in 

adnnnnsterin.. to a series of rats Lv Z Pc-n-forme'd b v 

>«ercments within the raimc 1? “ varviL bv !mullt 

the malts of duplicate line tes^hlThir*’'^-"’’"? ^>^’‘''5»»i»‘Vte.st. If 

a^ay may be noeessazy. Sinee^tz^^vd 

th l oJ^tained, it is important to •‘’Omctime.s before the 

ioe^r^^r Pi'evcnt deterioration contamination of 

.leetives have beeji achieved bv h-oeziJr \ ''‘t-'nim D content. Both ob- 

samp e or the povtian not used b, " ''"“V the whole 

samples can be stored atul then di.s.soh ed «»ch dried serum 

fin- her assays. The dryi„. of the ^ .. "-hett tteeded for 

D content of the scrum is low. vitatnitz 

to mzfzate heuling; in Rachitic rat.s m-,v he 

oncmUi Its orzffznal vohzzzie of wziter the redksolved casilv iz, 

tin vol.»z,.e air^ T *»^>»">'‘«tered 

me , oft p' 1'“"* ‘-at-s in «‘J'»»»isfra- 

~ ~ >» & 

A -nothod „£ r;rTo 7""“"™“ “-™ 

described by SbeeMI. „“e „.,.|“ S'^orT''' /" ""•' *'''“®" >'“■> 

bzologzeal products, including znicroor-i,,’; • of .sera and other 

bj Plosdorf and M«dd.« For our pnzyose a sLn ? ^loveloped 

esziable, and we used an appaz-;ztus -zzid -i i \ ^ "ic.\-pezz.szve method wis 
..cal ,v .h that described b/cC. "daSr?,? " “ 

Vials of seruzn are sizbstitizted for the b-ictevi t ^ differcizee bezzz- that 

scrun, is fct ft,sc„ b. a dry lec bar„„r,, 'e ‘ «■“ 7 

absoebed by a sailablc chemical desiccant. The at niT,''”'"'- "" Wng 

Simplicity of cozistruetion and opez-atio„ and L 'n appazvztns its 

the satisfactory results obtained, prompted ns to emlC I'" 'cifii 

Tile equipment tor the deying of the seem • 

Woulf Bottle of 2 liter capacity, serum v4 X f Pomp a 

sueh as ‘‘Drientc,” glass eonneotions, and other ac’^Mso7‘®' 
stoppers and pressure tubmg. Our routine procedure Is 0 ?^?; ““ ™bber 

Five cubic eeiilimetera of human serum are f,L «loivs; 
p^n illnstraled in Pig. lA. In order to insure the pt”p« d“.' '' “ 

‘The serum vZal stoppers wore purcliased from Hie ii' t c-e , ^.>lllg Conditions, 

■ J. Stolfes Macliino Co m. .. 

Vo,. Phliaaelphi^, 
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the liquid seruiu should never oeeupy more than one-half the volume of the 
container. It is essential to estalilisli a relationship between the volume of serum 
and the evaporatin'' surface; the depth of the serum at the time of freezing 
sliould not exceed 15 mm. By rotation the serum may be shelled in the container 
while freezing in order to increase the evaporating surface during the desiccation 
process. Tlie dry ice hath is prepared by adding cruslied dry ice to a liquid 
which does not freeze above -72° C. ; alcohol or acetone is suitable. When the 
bath has become completely cooled, which is indicated by the absence of carbon 
dio.xidc bubble.s, the vials containing the scrum are submerged (Fig. lA) and 
allowed to remain in the bath for approximately thirty minutes. After freezing, 



FIs'. 1. — Schematic representation of the manner in which blood serum is (A) frozen and (B) 


the serum is quickly connected by means of the rubber stopper to the Woulf 
Bottle, which has been equipped with tight rubber stoppers and T-tube connec- 
tions (gla.ss) for the serum vials (Fig. IB). The Woulf Bottle contains approxi- 
mately 4 pounds of regenerated “Drierite.” Simultaneously with the attach- 
ment or before, the vacuum pump is .started. If the .system is free from leaks the 
moisture in the frozen serum will sublime to the chemical desiccant As the 
moisture evaporates from the surface of the frozen serum, the removal of heat 
by vaporization is sufficient to retain the .serum in the frozen state throimhmif 
the period of desieeation. Froet collects on the outside of the eontataSlfain 
sevm mtnutes The use ot the stopcock grease on all eonneetions was found 
de.sirable; hr.st, to secure high vacuum throughout the svstem V 

facilitate the rapid attachment of the vials to the Woulf Vottle 1 
pump is allowed to maintain the vacuum of the system for a t t i 
to twenty hours to insure complete diying. At the end of tb' * f eighteen 
sealing bands surrounding the necks of the rubber ston 
tightly. The rubber connections to the .serum bottle compre.ssed 

T-tubes at a point 14 inch distal to the compressed ban^ T^ 
and sealed m a vacuum is stored in a cold room until tn ^^^^d 

Before making irse of the process of freezin.' ai ? 
the purpose of preservation, it was first necessar^"t i f 

ecessarj to determine whether the anti- 
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rachitic potency of scrum was altered by tliis procedure. A number of sera were 
assayed immediately after the sample was taken and tested again after various 
periods of storage in the dried stage. No significant eliange of tiie vitamin D 
content was noticed even after one year of storage. 


OU3KUVATIONS 

Cliarts 1 to 6 indicate the daily dose.s of vitamin 1 ) administered and the con- 
centration of vitamin D found in the blood serums at different times during and 
after treatment of each of six patients. 


£ 



Chart 1. — Vitamin D level In blood aeriim of W. IC. during oral administration of 50.000 
units of vitamin D daily. N Indlcatc.s the average vitamin D level In normal human blood 
serum (110 units per 100 ac.) 

In all charts the lino Indicates the vitamin D level in bloml .serum and the solid black por- 
tion indicates dosaBc. 


Case 1, Chart 1. NV. K., wliUe female, -lb years of age, was given .'30,000 units of vi- 
osterol daily for .six inoutli.-:. Hue to au insutlieient amount of sample, an incomplete assay 
was made of the blood serum obtained before the treatment was started. It was assumed, 
however, for making the chart, tliat the initial concentration of vitamin H in the blood 
serum was around 110 U.S.P. units per 100 e.e., corresponding to that found in other un- 
treated persons previously reported. In the sample of serum obtained thirty-live dtiys after 
the start of treatment, the concentration of vitamin D wtis 1,050 units per 100 e.c. With the 
same dosage continued, the concentration of vitamin D in the scrum prugre.ssively decreased 
to 830, 600, and 330 units per 100 c.c., at two and oue-Inilf mouths, four mouths, and six 
months, respectively, after the start of treatment. 

C.VSE 2, Chart 2. A. H. S., white male, 70 years of age, was given 150,000 units of 
crystalline vitamin D. daily during two and one-lialf months. In one month the concentration 
of vitamin D in his blood serum rose to 0,000 U.S.P. units per 100 c.c., remained eonstant 
eighteen days, and then decreased to -1,400 units per 100 c.c. before the treatment was dis- 
continued. Two and a half months later the concentration of vitamin D in the blood scrum 
had decreased to 1,700 units per 100 c.c. No further blood samples were taken thereafter 
for assay. 

Case 3, Chart .1. A. M., colored female, 43 years of age, took 180,000 units of vitamin 
Dj daily for thirty-one days, and then discontinued treatment for eleven days. She then took 
240,000 units of the same preparation daily for twenty-nine days. During the first period of 
medication the concentration of vitamin D in her blood serum rose to 3,300 units per 100 c.c., 
but fell to 1,000 units per 100 c.c. at the end of the eleven-day period without medication. 
At the end of the second period of medication the concentration again was 3,300 units per 
100 c.c. Subsequently, the concentration of vitamin D in the blood serum fell to 1,000 units 
per 100 c.c. at the end of one month, to 800 at the end of two months, and to 330 at three 
and one-half months after the treatment was stopped. 

Case 4, Chart 4. H. E., colored female, 30 years of age, was given 200,000 units of 
viosterol daily for five days, then 300,000 units for twelve days, and 400,000 units daily 
thereafter for four months. The vitamin D in her blood serum increased rapidly to a con- 
centration of 13,000 units per 100 c.c., two and one-half months after the treatment was 
tarted Thereafter the concentration decreased, falling to around 8,000 units per 100 cc 
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Chart 2. — Vitamin D level In blood serum of A. H. S. after oral administration of 150,000 units 

of vitamin D daily. 
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at the time the treatment waa iliseontinueil. After this date the concentration decreascil to 
5,500 units per 100 c.e. in one month, and to iUU) units per 100 e.e. in four months. 

Cask 5, Cliart 5. E. B.. wldte ferntde, .'ttJ years of age, w.-i.s given viosterol in doses as 

follows: 150,000 units daily for three days, .'100,000 units daily for .-■even days, 100,000 

units daily for fourteen day.-s, and 500,000 unit.s daily for eighteen <l:iy.s. ihir.st and pohuria 

developed, and the daily do.'-e wa.s deereu.'-ed to -100,000 units, which .she took during the fol- 

lowing ten days. iShe then developed an infection of the re.spiratory tr:iet and medication 
was stopped for live week.s. .Vfter this intervtil she again was givea 100,000 unit.-* of the same 
preparation daily for forty days; no unfavoralde symptoms developed. During tlie tirst period 
of medication the eoncont ration of vitamin I) in the blood .--erum inerea.'-ed to over 0,000 units 



per 100 e.c., but decreased to 0,000 units per 100 e.e. in the sample taken at the end of the 
first period when -100,000 units were tuken daily. During the period when 500,000 units were 
taken daily, the concentration again rose to above 9,000 units per 100 e.e. In the sample 
obtained after thirty days without medication, the eoncentration of vitamin D in tlie serum 
had fallen to 3,300 units per 100 e.c., and this concentration continued to decrease in spite of 
the resumption of daily doses of -100,000 units. Since this patient lived at liome, it is, of 
course, possible that she did not take tlie medicine as prescribed, altliougli she claimed tliat 
she liad taken it faithfully. 

Case 6 , Cliart 0. G- B., white male, 54 years of age, was given two preparations of 
vitamin D in three different periods. In the first period viosterol was given daily as follows: 
oOOOOO units for four days; 300,000 units for ten days; 400,000 units for seven d-ays; 500,000 
units for fourteen days; and 450,000 units for five days. Because of the development of 
thirst polyuria, and slight nausea, medication was stopped. Seventeen days later lie was 
•riven' crystalline vitamin D;, 450,000 units daily for ten days. Nausea returned and medica- 
tion was stopped for six months. In a third period viosterol was given in smaller doses: 
"0 000 units d;vily for eighteen days; 150,000 units for twenty-five days; and 200,000 units 
il ' for five months. In Chart 0 are represented tlie changes in concentration of vitamin 
the blood serum during these successive periods with and without medication. In the 
fi rneriod the concentration rose to 13,200 units per 100 e.c., and then fell to 0,000 units 
1 no e c at the end of the first rest period of seventeen days. During the second period, 
1 \ « the' coneentiation of vitamin D in the serum fell to 4,400 units per 100 c.e., although 
r Cent again developed symptoms of intoxication. During the long rest period the con- 
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ccntratioii of vitamin D in tliu aorum (jrtniunlly fell to .'130 units ijer 100 c.e. During the third 
period of niedieation the eoneentration of vitamin D in the blood serum rose to 4,400 units 
per 100 e.e., and then gradually decreased again in spite of tlie continued constant daily dose 
of viosterol. 



Chart 6. — Vitamin D level in blood serum of G. B. after oral administration of 200,000 to 500,000 

units of vitamin D daily, 

DISCUSSIOX 

Prolonged oral administration of large doses of vitamin D (50,000 to 500,000 
International units daily) to adult patients led to an increase in the antirachitic 
potency of their blood serum. The highest potency observed was more than one 
hundred times that of normal human blood serum. Such a concentration of 
vitamin D in the serum, equal to that of cod-liver oil, was tolerated by patient 
H. R. for more than two and a half months without any sjnnptoms of intoxica- 
tion, but another patient (G. B.) complained of thirst, polyuria, and nausea when 
a similar level of vitamin D in his serum was reached. The concentration of 
vitamin D in the serum was roughly proportional to the dailj’- dose of vitamin D 
administered. This fact is demonstrated by Charts 1 to 6, premously discussed, 
and by data in Table I. Calculations of the vitamin D content of the entire 
volume of blood serum at the time Avhen the concentration was at its maximum 
were based on the concentration of vitamin D per 100 c.c. of serum, the body 
weight, the blood volume (a.ssumed to be Ks the body weight), and the per 
cent volume of cells in the blood (determined by centrifugation of a sample of 
heparinized blood, obtained at the same time as the sample used for serum 
vitamin D determination). In Table I are listed the amounts of A-itamin D thus 
calculated to be present in the entire blood serum of each of six patients and the 
daily dose of vitamin D each Avas taking AA^hen the concentration of Ad'tamin D 
reached the highe.st level in the serum. In three patients (W. K H R and 
G. B.) the maximal accumulation of Autamin D determined in the entire blood 
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seniiu corresponded closely to tlio amount that was liein;^ in;,'esteil daily. Four 
charts (1, 2, 4, and 6) sugf^esl, however, tliat tiie maximal concentration of 
vitamin D in the serum was not maintained tlironghont the period during which 
the administration of largo daily doses was continued. In Case 5, when the 
daily dose of 400,000 I. C. was discontinued, the concentration of vitamin D 
in the serum promptly decreased, as was to he expected. When the same do.se 
was resumed, the concentration of vitamin D in the .serum did not return to its 
previous level. Such tindings might he interpreted to mean a diminishing ab- 
sorption of the drug, increased excretion, or a more rapid rate of destruction of 
vitamin D in the body. Further .studies would he reciuired to determine which 
of these explanations is the most probable. 


Taulk 1 


PATIENT 

DAILY DOSES 
(I.U.) 

(•Ai.ci;r..\.Ti:i> aiiouxt or 
viTA.Mi.x D i.v E.s-Tn:r. ar.ooo 
sEiiuif or I’.niKXT 
(I.L-.) 

W. K. 

50,000 

51,000 

A. H. S. 

150,000 

2:20,000 

A. At. 

ISO.OOO 

110,000 

H. R. 


;)50,000 

E. B. 


1110,000 

G. B. 

1 150,000 1 

•100,000 


In most of the blood samples drawn -from the.se patients for as-say of the 
vitamin U in the serum, the distribution of inorganic and organic acid-soluble 
phosphorus in the serum and cells also was determined.'® Although these data 
are not reported, it is germane to note here tiiat the elianges in distribution of 
phosphorus, such as were found in the bloods of these patients during their 
courses of treatment, were only .slight and of doubtful significance. These in- 
vestigations were made beeau.se of earlier findings that in some conditions 
vitamin D therapy brought about large cliangcs in tlie concentration of both 
inorganic and organic phosphates in the blood. In rachitic animals with low 
concentrations of inorganic ^pho.sphoru.s in the blood serum and of phosphoric 
esters in the blood cells, the distribution of phosphorus in the blood became 
normal following the administration of small curative doses of vitamin 
In normal rabbits the administration of large doses of iri*adiated ergosterol led 
to great increases of inorganic phosphorus in the whole blood and of organic 
acid-soluble phosphorus in the blood cells,” mainly accounted for in the 
diphosphoglj'cerate fraction.'- The doses of irradiated ergosterol, which pro- 
voked such changes in the distribution of phosphorus in the blood of rabbits, 
were, however, much larger in proportion to body weight than the doses admin- 
istered to the jjatients here rejjoi ted. Moreover, the marked chemical changes 
of the. bloods of rabbits were accompanied by definite signs of intoxication, such 
as loss of weight and hj^mrazotemia. No attempt was made to inerease the doses 
of vitamin D given the patients to amounts causing more than verj- mild symp- 
toms of intoxication. It is noteworthj’’ that the concentration of vitamin D in the 
blood may be increased to many times the normal level without much, if anj^ 
change in the distribution of phosphorus in the blood. . 

the cooperation of Dr. S. Rapoport. 
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SUJIMAUV 

A nictiioil of i’roex.iii^ iiiul drying blood serum, which permits preservation 
ami concentralion of the serum without nlleratioii of its vitamin D content, is 
described. 

Data are rci)ortcd on the vitamin D content of the blood serum of six adult 
patieut.s during ami after jicriods of taking large doses of vitamin D (50,000 to 
500,000 International units daily). 

During periods in wliieli the daily high dose of vitamin D was constant, 
the concentralion of vitamin D in the blood serum increased rapidly to a maximal 
level, which was roughly jn'otiorlioual to the dailj^ dose. After doses of 400,000 
to 500,000 units daily the concentration of vitamin D in the serum rose to 
between 9,000 and 13,000 T. U. per 100 c.c.; in other words, to an antirachitic 
potency cciual to that of cod-liver oil. Few toxic symptoms were observed in the 
patients who took such doses of vitamin D. 

During periods in which the daily high dose of vitamin D was constant there 
appeared to be a tendency for the concentration of vitamin D in the serum to 
decrease somewhat after attaining a maximal concentration. 

After abrupt withdrawal of the high daily doses of vitamin D from three to 
six months elapsed before the concentration of vitamin D in the blood serum 
fell to a normal level. 

REFERENCES 

1. Warkaiiv, .T.: E.stiination of Vitaiiiiii D in Blood Serum, Am. J. Dis. Child. 52: 831, 

103(3. 

2. Warkan 3 ', J-i and Mabou, H. E.: Estimation of Vitamin D in Blood Serum. II. 

Level of Vitamin D in Human Blood Serum.s, Am. J. Bis. Child. 60: 606, 1940. 

3. Abrams, N. R., and Bauer, W.: Treatment of Rheumatoid Arthritis With Large Boses 

of Vitamin D. Critical Evaluation, J. A. 11. A. Ill: 1632, 1938. 

4. Shackell, L. F.; Improved Method of Desiccation, With Some Applications to Bi- 

ological Problems, Am. J. Physiol. 23; 323, 1909. 

0. Elser, W. J., Thomas, R. A., and Steffen, G. I.: Besiccation of Sera and Other Bi- 
ological Products (Including Microorganisms) in the Frozen State With the 
Preservation of the Original Qualities of Products so Treated, J. Immunol. 28; 
433, 1935. ■ 

6. Flosdorf, E. W., and Mudd, S.: Improved Procedure and Apparatus for Preservation 

of Sera, Microorganisms and Other Substances — The Chrj'oehem Process, J. 
Immunol. 34: 469, 1938. 

7. Cooper, M. L., and Grabill, F. J.: Simplified Apparatus for the Preservation of Bac- 

terial Cultures in the Dried State, J. Lab. & Cun. Med. 25; 184, 1939. 

8. Warkany, J.: Blood Phosphorus During Development and Healing of Rickets; Notes 

on the Lack of Relationship Between Level of Plasma, Phosphorus and Rachitic 
State, Am. J. Dis. Child. 49: 318, 1935. 

9. Rapoport, S., and Guest, G. M.: Changes of Organic Acid-Soluble Phosphorus, 

Diphosphoglycerate, Adanosinetriphosphate, and Inorganic Phosphorus in the 
Blood Cells of Bats During the Development and Healing of Rickets, J. Biol 
Chem. 126; 749, 1938. 

10. Guest, G. M., and Rapoport, S.: Role of Acid-Soluble Phosphorus Compounds in Red 

Blood Cells in Experimental Rickets, Renal Insufficiency, Pyloric Obstruction 
Gastroenteritis, Ammonium Chloride Acidosis and Diabetic Acidosis, Am J Dis* 
Child. 58: 1072, 1939. 

11. Guest, G. M., and Warkany, J.: Effects of Overdosage of Irradiated Ergosterol in 

Rabbits; Changes in the Distribution of Phosphorus in Blood Cells and Plasma 
J. Biol. Chem. 100: 445, 1933. ' 

12. Guest, G. M., and Rapoport, S.: Effects of Overdosage of Irradiated Ergosterol in 

Rabbits; Changes of Diphosphoglyeerie Acid in the Blood Cells, J. Biol Chem 124- 
599, 1938. 



DEPARTMENT OF ABSTRACTS AND REVIEWS 


Kobert a. Kildufj-e, M.D., Adsthact Editor 


BLOOD; Blood Cells in Healthy Young Infants, Washburn, H. Am. J, Di.-t. Child. 62; 

530, 1941. 

A dcaeriptiou is given uf the postnutul rendju.stiiiont.s in the red blood coll values 
of 15 healthy infants during the first ten to eighteen weeks of life. 

The simple e.vpiaiiation advuneed for the observed ehaiige.s is ba.«ed on the eomparison 
of the weekly values for the red blood eell count, the reticulocyte count, and the body 
weight for each individual baby. The cum|iurison led to the conclusion that the decrease 
in the red blood cell count, the hemoglobin content, and the volumo of packed cells in the 
first six to nine weeks of life is dependent largely on two fiictor.s. 

The first factor is the rapid increase in total body mass, Thi.s appears to involve 
a similar rate of increase in total blood volume, so that the ensuing dilution results in 
fewer red blood cells per cubic millimeter of blood. 

The second factor is the abrupt decrease in reticulocytes, indicating a .sudden decrease 
in the rate of production of red blood cells. In most babies the rate of production between 
the ages of 1 week and 5 or (3 weeks appears to he too low for maintenance of the red 
blood cell level in the blood, especially in the presence of an increasing plasma volume. 

The decrease in the number of red blood cells and in the amount of hemoglobin per 
cubic niillimeter of blood results in a rise in the reticulocyte percentage at about the fifth 
to eighth week. The sharpness and the persistence of the rise in difTerent babies vary, 
roughly, Avith the rapidity of weight gain and the speed of decrease in the red blood cell 
count. 

In most babies the red blood cell count starts to increase between the sixth and the 
tenth week of life and continues to rise until it reaches a level of between 4,500,000 and 
5,500,000 at about 16 Aveeks of age. MeaiiAvhile, the number of reticulocytes decreases to 
approximately 1.0 per cent. 

It seems probable that the period of postnatal adjustment of the red blood colls for 
most healthy babies extends over the first fifteen to tiventy weeks of life. 


LEDKBIVIIA, Erythroblastic, Stransky, E., and Quintos, F. N. Am. ,T. Dis. Child. 62: 

577, 1041. 

I 

The case of a girl, aged 2 years 3 months with chronic myelogenous loucemia is presented. 
The patient died thirty-one hours after admission to the hospital. The observations on the 
blood and the bone marroAV, as Avell as the histologic sections, were cliaracteristic of chronic 
myelogenous leucemia. The most striking feature in. the case AVas the marked erythroblastosis. 
There were 61,000 nucleated red blood cells per cubic millimeter in the peripheral blood and 
more than 280,000 in the bone marroAV. The majority of the nucleated red blood cells were 
normoblasts. The clinical diagnosis was chronic myelogenous leucemia, and the hematologic 
diagnosis Avas severe erythroblastic anemia Avitli chronic myelogenous leucemia; the final 
diannosis in the case Avas erythroblastic leucemia. The similarity betiveea the data in this 
case and those in cases of the so-called erythroleucoblastie type of hydrops foetalis congenitus 
• discussed The unknoAvn cause of chronic myelogenous leucemia may stimulate not only 
tho granulocytopoietic tissue but, exceptionally, the erj-thropoietic tissue of the bone marrow, 
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BLOOD LOSS, Kcspouso of Normal Subjocta to, Ebert, R. V., Stead, E. A., and Gibson, 

J. G. It. An-li. hit. Med. 68; .')78, lOU. 

SeVL'ii liuudred und .-lixty to 1,280 e.e. of lilocul (hl-.T to 10.7 per cent of the total blood 
volume ii.s determined by the jdn.smii volume and the hematocrit reading) were removed 
from 6 normal persons in six to tliirteen inimite.s. In .I of the 0 there developed collapse, 
ehiiraeterized by weakness, nausea, blurred vision, pallor, sweating, and fall in arterial 
pressure. Hefote the onset of eollap.-e the heart rate ineroased from 14 to 30 beats per 
minute. At the height of collapse the heart rate heeaiue slow, ranging between .30 and 40 beats 
per minute. 

The plasma volume began to inerea.'-e immediately after hemorrhage und continued to in- 
crease tor the next forty-eight to seventy-two hours. At the end of .seventy-two hour.s it was 
approximately equal to the plasma volume before hemorrhage plus the volume of red blood 
cells removed. 

During the first two hours after venesection the plasma volume was increased by 
protein-poor tluid, so that the serum protein concentration decreased. Thereafter, fluid and 
protein wore added to the plasma at the same time, und the serum protein concentration re- 
mained undiangcd, though the total circulating protein increased. 

At the end of scvenly-isvo hours approximately one-fourth of the plasma protein was 
protein whicli liad been added to tlie plasma after venesection. Loss of blood acted as a 
phy.siologie stimulus for the production of normal protein, and the addition of the new protein 
dill not change the proportions of the albumin and the various globulin fractions. 

When physiologic solution of sodium chloride was given intravenously immediately after 
hemorrhage, it was not retained in the blood stream in sufficient quantity to restore the plasma 
volume to normal. 

After hemorrliage tlie blood volume was not restored to normal until new plasma protein 
had been added to the circulation. 

Hematocrit readings in these experiments accurately reflected the direction of a change 
in plasma volume. 

NEPHROSIS; Acacia in the Treatment of the Nephrotic Syndrome, Goudsmit, A., Binger, 

M. W., and Keith, N. M. Arch. lot. Aled. 68; 513, 1941. 

Intravenous injection of acacia into 4 patient.s who had the nephrotic type of edema 
was followed by marked increases in urinary excretion of water and of chloride (expressed 
in terms of the sodium salt). This increased excretion of sodium chloride and of water 
brings about a rever.sal of conditions which is significant and beneficial, considering the 
excretion by untreated patients. Neither increases in the volume of the circulating blood 
nor changes of colloid osmotic pressure appear to account for this change in renal function. 
Experiments on animals have also demonstrated this increased excretion of chloride after 
intravenous administration of acacia. It is suggested that an analogous effect might well 
be re.spon.sible for the diuretic response of these patients. 

ELUIDS, BODY, Suggested Modification of Mandelhaum’s Method of Examining, for 

Cells, Tannhauser, S. Arch. Path. 32: 450, 1941. 

The fluid (pleural or ascitic) is collected with addition of an appropriate amount 
of an anticoagulant (sodium citrate or potassium or sodium oxalate). After centrifuging- the 
mixture in a large tube with a flat round bottom, a suitable amount of o.xalated or citrated 
plasma is added; double the quantity of the remaining centrifugate has been found appro- 
priate, If, for instance, an oxalated plasma, obtained by adding 0.4 c.c. of 4 per cent t 
-Slum oxalate to each 10 e.c. of blood, is used, 10 drops of a 0.5 per cent solutln of calcium 
chloride for each cubic centimeter of plasma will induce clotting. It is import 
foreiga plasma and not to rely on the clotting properties of the body fluid sincc'oft ° ri ' 
will not clot, owing to previous spontaneous defibrinization. The centrifugate is th 
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jiiixod wUh tlio plusiiiii, inid I'uWium idiloride »:< aildoil. In ii .'■liort fimu rlottin^ stnrts ami 
encloses all cells present in the eenlrifuente. After retraction the clot is transferred to a 
10 per cent solution of fonnaUlehvde or Zenker’s tlnid for tixation, •.iml its further treatnient 
is that of any utUer specimen, with the librin of the clot holding the cells t<it;etUer in a satis- 
factory way. 

When oxalated or citniied jilasina is not nvaitaide, a few centimeters of fresiiiy ol)taiucd 
venous blood nmy ulso he used to advau(a’,;e. 

The particles of malifjnant "rowth stand out well frrim the hlood elot. In case an 
examination of the cellular eontent of the thud is dt-sireil besides examination for cells or 
particles of malignant <;rowth. that has to be done on a separate smear before tiildilion of the 
blood. 

Thi.s modification of tlie metliod of Maiidelbaum may al.'t> be used wlieu examination of 
sputum for malignant cells is to be made and paraDin embedding of the whole sputum is 
desired. Tlie procedure then dilTers somewhat from that de.'cribvd; 

In. order to prevent disintei'ration of the cells hy tlie action of the alwnys present 
bacteria, the sputum is directly collected in a 10 per cent .solution of formaldehyde. U.sualiy 
the mucous sputum halls are dissolved or precipitated iii small fraj;meut,s by the fornmhie- 
Uyde (except when the sputum is hiahly albuminous; it tlien is more vohereut after fi.xatiou 
with a solution of formaldehyde aloiiei. After tixation of the sputum for twenty-four hour.-', 
the! particles are centrifuaed and waslied twice with distilled water; a .suitahle amount of 
plasma with eulcium ehioride .solution is then added. The resnliiii" elot is aoain trun.sferred 
to a solution of fonmildphyde or Zenker's solution for fixation, washed and dehydrated in the 
graduated alcohols a.s already described. 

rOKENStC JVIEDICINE: Significance of Dextrose and Non Dextrose Reducing Substances 

in Postmortem Blood, Hill, B. V. Arcli. I'aili. 32: 152. 10)1. 

Po.st-mortem samples of blood for determinations of di'.xtrose should be removed from 
the left side of the hetirt if significant errors due to the iio.it-mortem diiYusiun of dextroe from 
the liver to the right side of the lieart are to be avoided. The dextrose re.sponsible for the 
post-mortem rise in dextrose on tlie right side of the heart is liberated bv glyeogeuolvsis 
occurring in the liver. Fasting animals or cadavers presenting mnrhed hepatic damage do 
not show this post-mortem rise in dextrose. 

Glycolysis occurring after death eause.s a progre.ssive lowering of the dextrose content of 
the heart’s blood. Intravascular and in vitro glycolysis occur at npproxinuitelv the same 
rate and arc not inlluenccd by clotting of the blood. 

The rate of glycolysis was studied in vitro at various temjieratures, and the tempera- 
ture coefficient of the reaction was determined. 

The dextrose and nondextrose reducing substances were detei-miaed in Tl) medicolegal 
and hospital cases. Significant ctuautities of residual dextrose wert* present in the majorltv 
of cases of asphyxia, shock, acute coronary* closure, rapidly developing anoxemia, increasing 
intracranial pressure, -and lluoride poisoning, iiulieuting that agonal liyjierglvecmia was 
present. 

For significant results in cases in which hypogiyeemia i,s suspected, speeimoiis of blood 
for analysis sliould be taken witliin two liouvs after death. 
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CLINICAL AND EXPERIMENTAL 


PRODUCTION' OF PVROOEN BY SOilE BACTERIA" 


Co Tui, M.D., AND JI. H. ScHKiFT, New York, N. Y. 


HI.STORICAL REVIEW 

T N 1911 Hoi't and Penfold .showed that the intravenous injeetion of freshlj' dis- 
tilled water caused no symptoms in animals and in men, while the intravenous 
injeetion of the same water, after it had been incubated in unsterile A'essels, 
caused a febrile reaction. Since the fever-producing principle was still present 
after the water had been pa.ssed through a Berkefeld filter, these authors 
po.stulated that this principle, provisionally called pyrogen, was a product 
associated with bacteria but was not a part of the bacterial bodies themselves. 

In 1923 Siebert, studying the febrile reaction following the intravenous 
administration of distilled water in rabbits, confirmed the findings of Hort and 
Penfold, and showed conclusively the bacterial origin of pyrogen. With Bourn, 
Siebert in 1925 studied 25 strains of bacteria isolated from distilled waters and 
reported that those responsible for the production of mild fevers were related 
to the Jordan group X of river- water bacteria, those producing severe fevers 
to group XI, while the nonpj^rogenic bacteria fell into group XIII, which were 
ehromogenie. According to a more recent classification (Bergey, 1930), these 
organisms would all be in the family Baeteriaceae, with the strong and mild 
pyrogen produeei-s belonging to the genera Achromobaeter and Escherichia, and 
the nonpyrogenie organisms to several genera of the tribe Chromobacterieae. 

Banks in 1934 reported that Pseudomonas ureae and scissa, two species of 
the genus Pseudomonas which he isolated from surface waters, were pyro"enic 
Apparently not familiar with the more extensive bacteriologie work of Bourn 
and Sie bert, he stated categorically that these two organisms were specific pro- 
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ducers of pyrogen, and that patliogens, as represented by ^7(/p/ii//oeo(ci/s aurtiui, 
and nonpathogens, as represented by Jiucilhis sublilis, were productive of a 
delayed febrile response and, therefore, could not be classified as pyrogen pro- 
ducers. Banks's work, while containing many conclusions now found untenable, 
added one more genus to those found by Bourn and Sicbert as i)yrogen pro- 
ducers and refuted Sicbert's impression that pyrogenieity was associated with 
aehromogenicity. 

Thus far the study of pyrogen production has been confined to the bacteria 
found in watei-s. However, tiie striking parallelism between the .symiitomatology 
of a pyrogenic reaction from "reactive” waters, and that caused by the in- 
travenous injection of typhoid vaccine, or of acacia and sera made “reactive” 
by the implantation of other strains of bacteria, indicates the close kinship of 
these fever-producing principles. This kiirship is made still closer by tiie simi- 
larity of their filtration characteristics as sliown by Co Tui, Benaglia, Kuggiero, 
and Yates. 

It thus appears tliat iiyrogen production may be nuicli more widespread 
than was first embraced in the concepts of Siebert and Banks. The [iresent work 
is an attempt to determine how universal tliis plienomenon is. 

E.XPKIUM E.NTAE imOCEDl KE 

Eighteen strains of microorganisms belonging to different genera, tribes, 
and families were investigated. They were prepared for tests in tlirce different 
ways. 

In the fii’St series 12 bacterial strains grown in initially ])yrogen-free broths 
were used. The cultures were incubated for forty-eight hours at their particular 
optimum temperatures, and then centrifuged at 4,000 r.p.m. for forty-five 
minutes in an angle centrifuge. The su]jernatant fluid was filtered through a 
Berkefeld “W” filter, and the sterile filtrate was tested. These tests may be 
considered primary tests, since the immediate media in which the organisms 
grew were used. 

The second series consisted of bacteria which were more convenient to grow 
on slants or in Kobe flaslis. The colonies were washed out with a few cubic 
centimeters of pyrogen-free physiologic saline .solution containing 0.4 per cent 
phenol, inactivated for forty -five minutes by’ heat. The suspension was filtered 
as in the case of broth cultuies, and the filtrate was tested. These tests mav 
likewise be considered primary tests, since whatever pyrogen was present in 
the colonies would presumably’ go into solution in the suspending media. Four 
organisms were tested in this way’. 

The third series consisted of nine organisms tested in the form of vaccine 
made with py’i’ogen-free water. The firet three were highly pathogenic or- 
ganisms; namely, Vibrio comma. Neisseria infracelluhris, and Pasteurclla -pestis. 
These organisms were prepared in sets of two; one set by a biological firm and 
the other by the bacteriologic department of the university. The other six or- 
ganisms in this series had been tested in series one, so that the tests in this case 
Terve merely as a check. AH these vaccines were passed through a Berkefeld 
filter, as in the ease of the other two series and the cell-free filtrate used. The 
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te.sts in this sei’ii's m:iy In; llioui^lil of ns .scnoinlni'y tests, since the media tested 
wore not in iminediate contact with tlic livin'^; l)actci'ia. Wliile a positive tindin'j 
may he considered si.”nilicanl, a ncmitivc lindin^ may only mean that the 
pyrogen produced may he so slight as to he lost in the process of making the 
vaccines. 


A positive pyrogenic reaction in the dog, as reported in our previous 
communications, consists of a leueoj)enia thirty to forty-five minutes after the 
intravenous injection of the pyrogenic material; a rise of temi)eraturc which 
begins to he perceptible thirty miiuites after injection, reaching a peak in from 
two to four hours and returning to normal in four or five hours. In mildly 
.severe reactions there are prostration and gastrointestinal symptoms, such as 
vomiting and diarrhea, both of which may contain blood. Ihese sjmptoms are 
comparable to those in men. 

The dog is used throughout this work not only because of the consistency of 
its temperature curve, but also because the constancy of the leucopenia and the 
ireciuent appearance of the secondary symptoms of prostration and gastro- 
intestinal disturbances serve as an added cheek. 

That this pyrogenic reaction is not due to nucleic acid is .shown in three 
e.xperiments in which the intravenous injection of 1, 3, and 5 mg. of pure nueleic 
acid, prepared by Dr. P. A. r.evene, into each of three dogs failed to provoke 
a similar response. 

DI.SCfSSION OK I{E.SCt,T.S 


Table I summarizes the results of this inve.stigation. The first four or- 
ganisms have not been cla.ssifiod as to cither species or genera, but belong to the 
family of the Bactcriaeeae of the tribes Achromobacterieae and Chromo- 
baeterieae. W14B and W14C were isolated from well water, and 31y and 2'WS 
from pond water. Their best growth was obtained at 20° C. They were gram- 
negative bacilli, varying in shape from minute bacillary forms in the case of 
W14B to a large coccoid form in the case of W14C. 31y was a small bacillus 
exhibiting chromogenic properties and imparting to the broth and agar prepara- 
tions a light yellow color. 2WS was the largest bacillus of the group and often 
grew in long chains. 

All these four organisms were included here to show the similarity of the 
pyrogenic reaction elicited by the injection of their products and that elicited 
by the injection of the products of microorganisms of other groups. 

Each item listed in Table I has been selected from a series of at least five 
experiments as the one best representative of that series. 

A study of the table shows a number of interesting facts. The first 13 
organisms listed in Table I are all pyrogen producers, 9 of them not being mem- 
bers of the river-water group. Four of these, namely, E. tijplii, Streptococcus 
pyogenes, Vibrio comma, and N. intracellularis are pathogens. Two others, 
E. coli and Staphylococcus aureus, are facultative saprophytes. It will also be 
seen that it takes different amounts of the broth filtrate to produce a reaction 
of an intensity similar to the range of reactions common to the pyrogen pro- 
ducers in the table, the dose ranging from 1 c.c. to 15 c.c. While this may be 
interpreted to mean that some microorganisms are better pjT.'ogen producers 
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Taiile r 


OKGAXISM 

KII.TKATK 

TESTED 

amount 

USED 

(C.C.) 

coKc. ; 

, l*Ell 

C.C. 

VACCINE 

r,v 

I inuaoNs 

DOC, 

WEIfillTi 

(KG.) 

tv.ll.c. 

DllOl' 

(TilOlT- 

SANTiS) 

CHANGES 

IN TEMP* 

r >’.) 

SYIIPTO.M.S 

AVl-lB 

B 

10 

1 

B5 

11.5(.3 

lOMOl 

Hhivering, em- 
esis and 
bloody stool 


V 

5 

20 

9 

19.0-3.0 

102.4-104.S 

None 

WMC 

B 

10 

i 

Hi 

12.2-3.2 

100.2- io;!.2 

Violent shiver- 
ing, emcsi.s, 
and bloody 
stool 


A"- 

1 

10 1 

9 

22.9-1.0 

102-105 

A'iolent shiver- 
ing 

Sly 

B 

5 


11 

17.0-4.7 

101.0-10.3.0 

Violent .-ihiver- 
iiig and cm- 
esi.s 


V 

5 

20 

11 

15.2-2.2 

101.0-10.3.0 

.Shivering 

2WS 

B 

5 


17 

15.5-1.2 

101.0-100.4 

•Sliiveriiig, em- 
esis, and defc- 
eiition 


V 

1 

15 

1 

20 

9 

lO.l.'i.e 

101.1-104.0 

Shivering ami 
emesis 

Escheri- ! 
chin culi 

B 

1 

i 

1 

11 

15.5-2.1 

101.(!-1()3.0 

Violent .shiver- 
ing nnd cm- 
c.si.s 


V 

1 

10 

1 

i;{ 

21.1-4.0 

101.4-10.3.0 

Violent shiver- 
ing 

Bbor- 

thella 

typhi 

B 

1 

1 

10 

1 

11 

11.9-2.9 

102-104 

! 

Shivering, em- 
esi.s, and defo- 
eation 


\ 

1 

11 

30.7-4.1 

lOl.S-104.0 

Shivering, em- 
esis, and defc- 
eation 

Strepto* 

coccus 

pyogenes 

B 

7 


S 

14.S-7.0 

1 lOl.S-103.0 

Shivering, em- 
esis, and 
bloody stool 

Proteus 

vulgaris 

B 

1 


13.5 

11.9-2.9 

102-104 

Shivering, em- 
esis, and def- 
ecation 

Staphylo- 

coccus 

aureus 

B 

10 


13 

38.0-25.0 

1 

102.S-104 

Shivering, em- 
esis, and def- 
ecation 

Vibrio 

comma 

V 

1 

o 

o 

9 

10.9-1.3 

1 

lOl.S-100 

Emesis, sliiver- 
ing and defe- 
cation 

Neisseria 

intracellu- 

laris 

V 

s 

1 

111 

3.7-0.8 

101.-1-10-4.0 

Emesis and 
defecation 

Sacciiaro- 
myces 
Pink wild 
yeast 

B 

15 


16 

1 

22.5-0.9 

100.0-103.0 

None 


B - Broth. 

V - Vaccine. 

S- Suspension. . 

Toxin broths heat inactivated. 

Mi <5terite broth controis used in culturing organisms gave 
injections Ifi dogs. i?e., no changes in temperature, white blood cell 

toms. 


intravenoui 
count, or any systemic symp 
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'I’Aiii.i: I — <'<iNr’i> 


OlUiANlSM 

m.TlLVTK 

TKSTIU) 

AMiU’NT 

r.i*. 

VAccis*: 

IK 

nii.MoKs 

iKi<i 

wrKiiir 

(Ki;.) 

w.n.c, 

DitOp 

(THOU- 

.SAN'li.S) 

CIIANdK.S 

IN' Ti:.MI». 

r y-) 

KYMrTOM.S 

Mibtili.s 

B 

r» 


Hi 

;! i.o-:!.5 

I02.S- 105.0 

Dofecatioii 
with blooil, 
aiiinial dc- 
pres.sc<l 

Corvnobao- 

B 

8 

17 


21 

in.2-9.5 

101.2-100.8 

Xoiio 

torium 

iliphtluv 

riac 

V 2 


12 

i(i.:!-l(!.t 

lOI.O-lOl.l 

Xono 

PiistourolI:i| 

pe.-iti.s 

V 


5 

9 

lO.iM.'i.y 

lOO.S-100.8 

None 

I’asteiirolbi 

cunicii- 

liciila 

s 

12 


10 

21.5-20.1 

101.0-101.6 

None 

Alycob-.n;- 

terium 

tubercu- 

losis 

s 

15 


IS 

30.0-30.0 

102.0-102.8 

None 

Xcisseria 

gonor- 

rhoeac 

s 

17 


12 

17.9-10.0 

102.0-102.0 

None 


than others, yet it eould also mean that the rates of rapidity of their prolifera- 
tion may be different. Unless bacterial counts are made of the eultures, this 
point cannot be settled. 

In the case of the vaccines, however, Avhere some quantitation has been 
used, the indication that some bacteria are better pyrogen producers than others 
is stronger. Thus of the 8 organisms tested in the vaccine form, it takes only 
three billion cells of V. comma to produce a cell-free vaccine filtrate which causes 
a temperature rise of 4.2° F., ten billion in the case of E. coU to produce a rise 
of 3.1° F., and ten billion of E. tijplii to produce a rise of 2.8° F., while it 
takes 300 billion of 2WS to produce a rise of 3.5° F. ' These figures would seem 
to indicate that V. comma is the most efficient producer of pyrogen among these 
strains with E. co li, E. tijphi, N. intracellular is, and W14C second and 2WS 
the least. 


Of practical importance from the viewpoint of air contamination in the 
production of pyrogen in the preparation of medicaments and other chemical 
solutions is that Proteus vulgaris and B. subtilis are pyrogen producers 

It is also of particular significance that wild yeast produces pyroo-en Thi. 
opens the field for further experimentation in group of yeast and molds 
The last five microorganisms in the table- namelv r< li - 
PasteurelU pestis, Pasteurella cuniculicida, M. tuberculosis and thp ^ 
were according to these tests nonpyrogenic. All thise we^ 
tests, except Pasteurella pestvf, which was tested only in the vaccine fn^ 
an amount equivalent to 25 billion cells. Pasteurella ne.fi ■ T ^ 
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Tauu; ri 

Class Sciiizomycktss 


Or.DKIl EniAtTEiltALKS 






I'ViatuEN 


VA.MILY 

TFCIUK 

(IKNTS 

OKCAN'ISM 

I'ROIUTO* 

I.S’VKSTI«.\TOi: 





TIO.V 

i 

1 

Coccaceao 

Stri'ptoi'orci'ae 

Streptoi’occu.s 

pvo^i'nes 

Positive 



Xoisserioao 

Xois.-eriii 

goiiorrhocae 

Doubtful 



Xeissorioae 

Xei.s.-erin 

iiitracellu- 

Po.sitive 





lari.s 




Microeoo(.'i'ao 

Staphylofoiaai.-- 

uurciLS 

Positive 

Co Ttii, .Schrift. 





:iml Banks 

Spirillaceae 


Vibrio 

roinina 

Po.sitive 


Baetoriaccae 

Chromobacterieae 

Serratia 

ruber 

Negative 

Bourn ami 






.''iebert 


Cliromobaetorieae 

Flavobacterium 

railiatum 

Negative 

Bourn ami 






.Siebert 


Chromobac’torioae 

Flavobactcriuiii 

oi'hraceum 

Negtitivc 

Bourn ami 






Sicliert 


Chromobai'toiicae | 

Flavobaoteriiim 

arlioresceiLS 

Negative 

Bourn ami 






.‘siebert 


Chromobaeterioao 

Pseiuloiiioiias 

urea i 

Positive 

Banks 


Chroniobaetorioao 

Psouiloinonas 

1 

Po.'-itive 

Bank.s 


Chromobacterioae 


::iy 

I’Ositive 



Aclironiobactcrioae 

.tcbroiiiobactor 

piitiiatum 

Positive 

Bourn ami 





Siebert 


Achroiiiobacterit’ae 

.\ehromoljactor 

.solitarium 

Positive 

Bourn ami 






Siebert 


AcUromobactorieat* 

-Vcliromobacter 

camlicaii.-i 

Positive 

Bourn and 






Siebert 


Acliromobactorieac 

Achromobacter 

refractans 

Positive 

Bourn tinil 






Siebert 


Achroniobactcrieae 

.Vchromobaeter 

tiogen.'-e 

Positive 

Bourn and 






Siebert 


Achromobactcrieae 

Achromobacter 

punctatum 

Positive 

Bourn timl 






Siebert 


Acbroiiiobacterieae 

Acliromobactcr 

lacticum 

Positive 

Bourn and 
Siebert 


Adiromobacterieae 

Acliromobacter 

\V1 IB 



Achromobactericae 

Aeliromoliactcr 

WMC 




Achromobactcrieae 

Achromoltactcr 

2\V.S 

Positive 



Bacterieae 

Escliericliiu 

formica 

Positive 

Bourn and 
Siebert 


Bacterieae 

Escherichia 

coli 



Bacterieae 

Proteus 

vulfTiiris 

Positive 



Bacterieae 

Eberthella 

tvplii 




Pasteurelleae 

Pastcurella 

pe,sti.s 

Negative 

Negative 



Pasteurelleae 

Pasteurella 

cuniculiciila 


Bacillaceae 


Bacillus 

subtilis 

Positive 

Co Tui, Schrift, 
and Banks 



Order Actixomycetai.ks 

Alycobaeteri- 


ilycobacterium 

tuberculosis 

Negative 1 


aceae 


Corynebac- 

terium 

diplitheriae 

Negative j 



that the white blood cell count did not undergo any substantial change except 
in the case of the N. goiion lioccic test in wliich there was a suggestive fall. 

It is clear from these studies that the matter’ of pyrogen production is not 
associated with pathogenicity as first postulated by Bairks or with chromo- 
geiricity as postulated by Siebert (1923), or with the property of taking or 
rejecting the Gram stain as suggested by Cecil. 
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In T;il)k' ii ;uv fotnpilod all llit* !)arh‘i‘i:i h'slod for i)yrogon production from 
(lata ninii.slu'd in (In* work ol' Siohcrf. of Banks-, and in our prcstnit work. It 
will 1)0 soon that the f'roatost nundtor ti-stod have hooni .solootcd from (ho order of 
(ho Kiihaotoriaios of the olass Sohizomyi-olos, with particular etnpliasis on tlic 
lainilv Baotoriaooao. in addition to tlio throe Irihos of the fanuly Baetcriaceae 
that Siohort found pyro^onio and to tlie one ;4onus of the tribe Chroinobaeterieae 
by Banks, the present work has added four families of the order Euhacteriales, 
one family of the order Aotinoinyoelales, embracin'^ a total of eleven known 
genera and thirteen known species. 


.Sr.M.MAItY 


In a study of i)yro;;en ])roduction by representatives of different orders, 
fiUiii]ie.s, ^'cnera, and species of bacteria, it was found that this plienomenon 
is a more widespread one than has hitherto been envisaged. It is not confined to 
anyone group, hut occurs in a number of different groups. Nor is it associated 
with nucleic acid, with pathogenicity, ehromogenieity, nor with the property 
of taking the Oram slitin. The production of i)yrogen by a member of the yeast 
group .suggests that even higher forms than bacteria may possess this property 
of pyrogen production. How j)yrogen is related to the various toxic substances 
isolated by various workers from different bacteria remains to be studied. This 
statement implies that clicmieidly and immunoiogieally pyrogen is still an un- 
known entity. It is interesting to note that in this work a physiologic criterion 
has been used for the study of a bacterial product, a criterion distinct from 
those in use heretofore, namely, death or the production of antibodies in experi- 
mental animals. It is quite conceivable that there may be some bacterial 
products which are neither lethal nor antigenic and are, nevertheless, phj’^sio- 
logically potent. 

W’e wis!i to acknowIeUse our indebtedness for the aid in tlie preparation of e.x-perimental 
material given by Dr. Julius A. Klosteniian. of tlie Department of Bacteriology, New York 
unwersity. College of Aledicine. by tlie Baxter Laboratories of Glenview, 111., and the Sharp 
« Bohme Company, Philadelpina, Pa. To the late Dr. P. A. Levene we are indebted for the 
preparation of pure nucleic acid. 
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INTESTINAL VASCU1.A1I SCLEROSIS'* 


Jo.sicpM Fi;i..skn', Nkw Yokk, N. V. 


INTESTINAL vasinilar sflc'rosis is a i-oinHtioii ol' tlie luc-si'iiterie blood vessels 
* usually associated with old aije aiul often aceoini)auied by tlisordered bowel 
function. 

Putholo(jy . — Narrowiiiif of the extrainural and intramural mesenteric ve.s- 
sels is part of a more generalized systemic condition of degenerative vascular 
disease associated with senescence. From the pathologic viewpoint these changes 
consist chiefly of disruption or di.sappearance of the elastic lamina, fatty de- 
generation with subintimal proliferation, calcilic deposition, anil atrophy of 
the media. The end result is a narrowed, I'igid vessel, which is unresponsive 
to the ever-changing circulatory reiiuirements of the organs supplied. The 
most advanced disease is generally .seen in the larger arteries, where actual 
widening of the lumen may occur. This is c-ssentially due to weakening of the 
wall from degeneration of the media a)ul ela.stica. In the smaller arteric.s, 
however, such as those seen in the intestinal submuco.sa, the mo.st common 
change noted is a subintimal proliferation of connective tissue. This deposition 
of connective tissue is often accompanied by thickening of the ela.stica, both 
representing an adaptive overgrowth to bolster the overlying weakened media. 
Occasionally this process occurs in young j)eopIe following systemic infection.s, 
but its prevalence in the older age groups ajjpears to be a.ssociated with the 
biologic process of aging. Complete obliteration of the intramui’al intestinal 
vessels sometimes occuis and can be readily detected at necrops^^ bv subjecting 
the opened bowel to transillumination.' They .stand out as straigfit. tapering, 
white, bloodless, threadlike filaments. IJy careful section of selected areas one 
can often tiace successi\e stages in the same ves.sel. In some in.stances narrow 
clefts form in the fibrous tissue which obliterates the vessel lumen. These clefts 
are lined by endothelial cells y they often contain erythrocytes and represent 
an attempt at recanalization. In this manner it appeai'.s (juite possible that a 
fair blood supply may be maintained, though it is probably inadeciuate as 
compared with that carried by the normally patent vessel. 

Clitiiccil A-spGcts, In mild, model ate, or recanalized forms of intestinal 
vascular sclerosis few or no symptoms may be present. In patients with the 
more advanced type of disease the chief clinical symptoms and signs are ab- 
dominal distention, constipation, indigestion, and abdominal cramps after eat- 
ing. One or all may be present, depending upon the degree of vascular nar- 
rowing. They are most frequently encountered in the sixth and later decades 
of life, but they may be present earlier. The adage “a man is as old as his 

^i-om the Department of Pathology and Research, the Bronx Hospital New York 
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M'k’i-osis. and sonu* old poopk* an ' on j. . i ji, (ht. <rionit?nilar 

;7:f a*--- -• 

-■ - I u,,!: 

hypertension is not invariably ,,.i,,,osis is esseiKiuliy a 

selerosi.s of the eerebral arteries. nis ^ thou<,dit has often 

fneal manifestation of -enerah/.e. diseonifort in coronary 

oeenrred to us that the epi.astr.e and o h n ,,tionts 

disease is often due to .^atdcll as hein. on a purely 

with mesentene sclerosis eoinplaii • ^ 

Uinetioiial basis. Thi.s. however, is no « . • mires noted by the 

general phy.sieal e.>ca.nination and exani'i.mtion of the sub- 

laueo.sal intestinal \e.ssels. )>niiir. , i..i.ii,.if v and "ciiera contour 

eu.ar n.™- „„,„r m.iC 

can be determined with the aid oi . ‘ ‘ , l,<, as graeefiil, deli- 

(Wrattan X). Normally, the «"’/'•' ; theii- tips. Their 

cate, long, red, .sinuous iindulations, gi.n^^a means of intermittent suction 
elasticity can he determined to smiu - this manner a 

applied through the mtlatioii tube o alternately 

tran.sient period ot negative pieiv pre.ssurc. 

redden and pale, correspond to J {m.orne 

With advancing J m- corkserevv, and alternate suction 

thicker, the undulations ahiu[»t, t> -i vessels Dur- 

1 , ^ reddening and paling ot the vc.s.stis. uui 

and relea.se produce no appHcmi 

ing the late or obliterative .stai^^- t n to 

terminating rather abrup ly m ^ ^ j ^ supplementary 

suction. Examination ot the eye gioiiml.s ih .su oral in- 

procedure to .sigmoidoscopy, for the retinal ve.ssel.s parallel the mtianmral 

testinal branches both a.s to .sixe and extent oi . lo o^y. ^ , . , , , i, „ 

The raechani.sm underlying the .symptomatology in 
selerosi.s appears to be a tran.sient or permanent i.sehemia uitli rdatne anox- 
emia The bowel i.s a hollow mu.seiilar organ, with an exceedingly rich blood 
•supply that mu.st be ader,uately maintained for effective eontractihty and 
functioning of the digestive giamls, fnterferenee with the blood and oxyger. 
requirements of the mu.sculati/re produee.s .spasm fi.e., muscle eiarnp) and 
later, atony, ftarkcr^' .".tates that in ea.se bi.st.orie.s ot .J)() patients over h ) yeai.s 
of a"c d5''e.st'ive symptoma were seeond highe.st in trequeney. AShile many 
factors mmt be eon.sidered, such a.s inadequate mastieation, there still remains 
a lar-e -roup of person.^ who.se .symptomatology can only be e.xplained by -srsme 
factor incident to the aging proee.xs. Patients will often state that small 
amounts of erodly dige.sf.e/l fomi are better tolerated than large meals, an ob- 
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l-Arterlcc^^s. jes^ uackc^i_,^^ ‘'°'- 

With advancing years, as the vascular changes progress, the intestii 
muscidature tends to lose its tone. Tliis is particularly true in the colon \vheie 
gas, which is normally present, is not passed readily and tends to 
with increasing atony of the wall, thus perpetuating a vicious cycle, the tli 
si-ns of intestinal atony are distention and constipation. In this connection 
it°mav be of interest to recall the relationship of distention to impaired ga^ 
rliffusion through the intestinal wall. Normally, as pointed out by Melvex, 
Redfield Benedict,' and others, the intestinal wall serves as a semipernieab e 
membrane, permitting diffusion of gases in either direction, i.e., trom the in- 
testinal lumen to the blood, or vice versa. Any interference in the iree passage 
f n-ases may lead to flatulence (Dunn and Thompson).^ Alvarez, Kato, 

R d ' “ Schoen,^- and others regard impaired circulation in the mesenteric 

^ T as one of the prime factors in the production of distention. Schoen 
vesse s as lowering in tone of the intestinal muscularis. It is 

stresses, m > factors are closely related to intestinal vascular 

my impressi ^ result of it. In rare instances extreme sclerosis of 

sclerosis , j^^ay result in rupture, i.e., abdominal apoplexy. This 

the mesen e ggj^tlv reviewed by Crile and Newell,'" who report ten cases 

subject has ^ addition to their own. Sometimes complete occlusion 

from the arterial branch occurs with gangrene of the part of the 

of a main mesen ru-ocess usually consists of a superimposed throm- 
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■ 1 transDarencies. I. >?ovntal intramural vascularization. Note long-. 

Fig. 2- — with gr-adual tapering to finest branches tvhich anastomose 
delicate siDOova unuuum ^ proliferative phase. Vessels are thickened and tortuous, 
treelv ivith adjacent g^raightened and rigid vrith obliterated terminal arborika- 

3. Obliterative phase^ V ^ (No. SfilS). 

tions. 3 and 3 are 


Interfeveuce with diffvtsiou of gases may be due to a tbiekeued intima or 
‘red ch'culatioit of blood in the intestinal arterioles. In cirrhosis of the 
inipan ^ the cardiac musculature without arteriolar sclerosis, the 

St may he entirely on the venous side. 


C.VSE REPORTS 


Qfonp Cases iUustmiing association of intestinal vascular sclerosis and arterioscle- 
rosis elsewncre in the Vody. 

CAsa r.— Itospvtal No. 61-137. Pathologj; No. 8675. aiaJe, aged 45 years, was ad- 
mitted on. eUnieai diagnosis of arteriosclerosis, coronary sclerosis, and 

coronary ttaombosls. The blood pressure was 100 mm. systolic and 80 mm. diastolic. A 
complete history was unobtainable. Death occurred on the same day. At necropsy the 
xelevant findings were an old thrombosis of the left coronary artery, a recent thrombosis 
of the right coronary artorj-, tvith areas of myomalacia. The entirp aorta -was the seat of 
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largo lUlieromiitous patehca aail ukoration exteniliiig into tlio common and oxtornal iliac 
branches. The intramural mesenteric arborizations revealed marked tortuosity and tliick- 
eniiig. There wa.s marked coronary .scleroai.s. 

Case 2. — llo-spiial No. 59727. Pathology Xo. 901.S. Male, aged (JO years, wa.s ad- 
mitted on Fob. Ki, iniiti, and died within a few hour.s. During a previous admission (Oct., 
Ih.'io) clinical and electrocardiographic examinution.s (Dr, Capp) revealed coronary sclerosis 
witli myocardial librosi.s. At necropsy, mural thrombi were present at the apex of the 
heart and in the right a\iriclc. Doth coronary vessehs were caleilied, anil a fresh thrombus 
was present in the right eireumtlex branch. An old thrombus occluded the left descending 
coronary artery 2.5 cm. from its origin. The aorta and other large vessehs were markedly 
sclerotic. There was marked tortuosity and thickening of the intramural vascular arbori- 
zations with straightening and obliteration of nmny terminal branches. There was ad- 
vanced arteriosclerotic renal disease. 

Case 3. — Ilospitiil Xo. 71002. Pathology So. 11105. Female, iiged 77 years, was ad- 
mitted on Feb. S, 1937. The patient was known to have had a mild form of diabetes for 
fifteen years. Some redness, swelling, and tonderues.s were present on the little toe of the 
right foot. There was marked peripheral va.scular sclerosis. Oscillometric readings at the 
ankle and above the popliteal space revealed definite occlusive vascular disease. (Doctors 
Salami and Klein.) Ifoentgenographic e.vamination (Dr. Snow) showed marked calcifica- 
tion of the vessels of the extremities. Diabetic gangrene of the right foot and lower third 
of the leg ensued, and the patient died following mid-thigh amputation on March 22, 1937. 
At necropsy marked atherosclerosis of the aorta with many calcific. pla(|ues and ulceration 
were noted. The aortic and mitral valve Haps were calcified. The larger arterial branches 
wore similarly involved, particularly the coronary and basilar arteries. Typical arterio- 
sclerotic renal disease was present. The intramural mesenteric branehe.s revealed advanced 
.sclerosis, with tortuous, thickened, and partly obliterated straight ves.sels. 

Group B. Cases with intestinal la.sctilur sclerosis, pe nernlizcd arteriosclerosis, and marked 
intestinal clinical manifestations. 

C.vse 4. Hospital Xo. i4413. Pathology Xo. 11501. Female, aged 50 year.s, was ad- 
mitted on Feb. 19, 19.17. Ihe chief complaints were jirogressive constipation, epigastric 
discomfort, and belching, fhe patient was known to have had hypertension for two years. 
Upon admission the blood pressure was 200 mm. .systolic and 135 mm. diastolic. The heart 
was considerably enlarged. Examination of the fundi revealed dilated veins and thin pale 
arteries, which wore highly rcfractile and .sclerotic. Scattered about the posterior aspect 
were fine yellowish exudates and a few scattered superficial hemorrhages (Dr. Goodfriend). 
On Fob. 23 roentgenographic e.xamination revealed calcification of the arch of the aorta. 
There was loss of substance in the tufts of the index, middle, and little fingers on both 
sides, indicating circulatory deficiency (Dr. .Snow). Oscillometric studies (Doctors Salami 
and Klein) revealed diminished oscillation in the vessels of both ankles, wrist.s, and right 
arm. Thermal tests indicated complete absence of reflex vasodilatation in both extremities. 
These findings pointed to organic obstructive arterial disease. The patient gradually de- 
veloped uremia with marked nitrogenous retention and died on Afarch 2.5, 1937. The' rele- 
vant necropsy findings were a marked ulcerative athero.sclerosis of the entire aorta and 
small granular arteriosclerotic kidneys. The intramural intestinal arterial arborizations 
were rigid, thickened, and corkscrew-shaped, with partly or completely obliterated straight 
terminal branches. 

The following brief case reports have been selected from a group of 15 to 
illustrate the possibilities of accurate diagnosis of intestinal vascular sclerosis 
by signioidoscopj’' and the value of oxygen as a therapeutic agent. 

Case 5.— A. K., female, aged 5.5 years, complained of recurring attacks of abdominal 
cramps, constipation, distention, and a sense of epigastric pressure accompanied bv labored 
breathing, particularly at night. Occasionally there was severe precordial pain radiatiiw 
to both shoulder.?. Prior to the onset of these symptoms the blood pressure had been 190 
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111111. liv.'Uiru', At till' tilin' 111' riiiiMilt.'il Kill It \Mi:> irili iiiiii. svstolii' iiiid IM) mill, duinlolic. 
t’liUiiral, M'rolii^ii’, and ]iara;*ilidii;ti<' iliidii"« witi* iii'^iil ivi'. Si^;m()id(isi'()[)ic ami oplitlial- 
iiiD.-i'iiliio I'Aainiiialiiim^ n'vi’alid iiiarKi'd '.idi'riiM.i »(' lln‘ iiilc.'iliii.'il and retinal ve.s.sel.s. A 
dia^mi.-ia of I'liroiinry .-I'li'rosi.x and inli'xliiiiil vaxmlar m'lero.xi.s wa.s made, both beiiif' part 
of a iiuito ',;eiierali/,i'd arterioxi’leroxis. Coiisideralde relief of abdominal symptom.s followed 
a.'piratioii of the eoloiiie ;;axex and the iixe of iiite.'.tiii.il oxygenation. Several weelc.4 later, 
after beiii;; ooiii|iaratively tree of symptoms, there oeenrred an aeiite eid.sode of abdominal 
pain and an enier;teiiey exploratory laparotomy was done at Mt. Sinai Ho.spital for what 
appeared to be an nenie intestinal obstriielioii. No obstriietion was found, though an 
miiental adhesion in the region of the spleine (lexiire was present. The striking finding, 
however, was “a eoiisiderable degree of selerosis in those major abdominal arteries which 
"ere seen or felt.”!"' 

Cask, li, — K. K. (}., female, aged til years, bad recurring attacks of abdominal cramps 
accompanied by naiisea for which siie had undergone a cholecy.stectomy eighteen months 
previous, hut without relief. Physical exaiiiinatiou revealed a nervous, apprehensive woman, 
who e.xhibited evidenee of cerebral arteriosclerosis and mental deterioration associated with 
senility. There was advanced intestinal and retinal vascular selerosis. The blood pressure 
Was MO Him. systolic and lou mm. diastidie. A diagnosis was made of mesenteric vascular 
i^clerosis with relative anoxemia and intestinal .spasm. Temporary abatement of symptoms 
occurred with intestinal oxygenation, but the mental condition of the patient rendered 
roiitiiiued therapy dillicult, lloentgenographic studies revealed the presence of a diaphrag- 
matic hernia with diverticulosis (Dr. F. K. Andresen). There appeared to be no evi- 
dence, however, that the intestinal symptoms were due to either of these conditions. Sub- 
sequent studies were carrieil out at Mt. Sinai Hospital in an attempt to elicit an allergic 
factor, because of a history of migraine, but these were without success. Several weeks 
later the patient suddenly died of cerebral apoplexy. It was quite evident in this case 
that not only were the intestinal vessels sclerotic, but the cerebral, aortic, and peripheral 
blood vessels were likewise alTected. 

C.V.SE 7. — B. A., female, aged 58 years, had abdominal cramps, distention, and consti- 
pation for two years, which was relieved by rest and quantitative, rather than qualitative, 
dietary restriction.s. Repeated roentgenographic studies were essentially negative, (gen- 
eralized arteriosclerosis was present with moderately advanced changes in the retinal and 
intestinal vessels. The condition was relieved by the use of approximately 200 c.c. of 
o-xygen administered by rectum once daily. The patient has increased the total amount of 
food ingested but still eats rather sparingly by choice. The follow-up is now approximately 
two years, the patient having completely' abandoned the use of enemas to which she was 
previously' addicted. At the present time she has one normal bowel movement daily. 

Case 8. — P. Z., female, aged 70 years, complained of obstinate constipation for many- 
years. For several years the patient noted blood in the bowel movements due to the 
presence of hemorrhoids. Epigastric and precordial distress with a sense of fullness after 
meals were present for three years. These symptoms were relieved by' rigid restrictions 
Jn the quantity of food or by a smooth, low residue diet. There was increasing anorexia 
and a weight loss of .30 pounds. The essential physical findings were abdominal distention 
evidence of hypovitaminosis, and generalized arteriosclerosis. The sigmoidoscopic appear- 
ance of the intramural intestinal vascular branches was typical of advanced arterioscle- 
rosis, and similar findings were noted in the retinal vessels. The possibility' of coronar 
sclerosis was entertained, but there was no evidence of an acute thrombosis AVith intes 
final oxygenation the symptoms were ameliorated with a surprising rapidity that could 
not be accounted for by psychic or other factors. The appetite improved all diet - 
■Strietions being removed, and with it the state of vitamin deficiency disappeared En^ 
and other forms of catharsis were immediately stopped, and the patient has had 
daily bowel movements, with rare exceptions, for the past five months In thi 
was felt that the oxygenation made possible the handling of large quantities f^f^^d^ 
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the iiitestiniil tract. Tliat the total bulk was not an imiiortant factor i.s attc.sted by the 
fact that the jiatient had been constipated before dietary re.slrictions were impo.'tcd by her 
physician. 

THMItAPY 

The tmitiiient of iiitestiiiiil va.seulaf .sclet-osi.s i.s lia.sed upon a loi'ieal con- 
sideration of the pliysiologie and pathologic factors involYcd. <tiir pre.sent 
.state of knowledge does not point to any agent wliich cun restore to normalcy 
the narrowed ealilier of nie.senteric ves.sels due to the degeiieratiYe changes of 
senescence. Oiir eiforts must he directed toward supjmrtive and corrective 
mea.sures which will enable a permanently impaired mechanism to handle ade- 
quately the limited digestive requirements of old age. 



3.-Moaerate narrowi„_^^ the mmeu^of 

(a) General supportive /neasurcs. If signs of myocardial failure or hyper- 
tension are piesent, adequate drug tlieiapy combined "with fluid restrictions 
should be instituted. Supplementary post-prandial rest periods besides the 
usual rest requirements will prove helpfid. 

(b) Dietary limitations. The caloric requirements of sedentary old age 
are obviously much less than those of youth or active middle age. Nature 
appears to be orderly in her plans. AVith the vascular and other degenerative 
changes of senescence, there is a lessened tendency to remain physically active, 
and with it a diminution in the desire for food. Old people become more 
“picky” in their food habits and are less apt to overeat than was their custom 
in youth. Violation of this simple rule often brings on abdominal discomfort 
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Simple, easily disesle.l f ,„e„ls daily will provide suflicien 

dowly, are mdieated. i jt i,„t, the same (luaiitity can be irhc 

,aloric intake wilhonl aee indicated, except where spe- 

„ver live meals. No spec, a ,„„st he made, the addition o£ 

rifle idiosyncrasy exists, it tnr c .ay each week will often 

vitamin coiiecntrates is adiisa . . j [he food to water, broth, milk, an 

be tonnd lienefleial, fovoii constipation, adequate adjustment 

fruit .juices. Aithonali ae , o intestinal oxygenation. 

seems to occur particularly with the a 

- : i-- < 



, I irmPn of a submucosal vessel. Note marked subiatimal prolitera- 
Fig. 4.-Extreme stenosjs^of^lu^ continuity of the elastica. 

X n^niration. By intermittent suction through the sigmoido- 

(c) relieved It also appears to serve as a gentle internal 

scope, „,rel wall and tends to improve the tone of the musculature, 

massage to tne loyed at the beginning of therapy and is later eom- 

This ' n bv intestinal oxygenation. It is essentially an office procedure 

pletely /.jrect vision. Relief is prompt and generally lasts for about 

twenty-four oxi/peaalion. Intestinal oxygenation and the rationale of 

^1 ment have been described elsewhere."® Normally the large bowel is 
its free of oxygen. It has been shown that following intestinal 

free or am • absorbed into and through the wall, increasing the 

oxygena^i^^j_^^^ plasma and the peritoneal cavity."" Con- 

oxygen bihalation of oxygen increases the tension within the bowel lumen 
Jh the indirect hematogenous route. The bowel wall appears to serve 
throug^^ip^rjj^eable membrane, diffusion of the oxygen taking place either 
^ bowel lumen to the plasma or in the reverse direction. Man literally 
^^^Mhes through his intestine. The direct instillation of oxygen into the 
^^'*^^el lumen has been found most effective. It appears to improve the muscle 
tone and the elasticity of the wall. One of the most striking effects is the relief 
of constipation. Patients habituated to the use of enemas, who perhaps could 
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not move tlieir bowels otherwise for tiirce or four clays, soon have daily formed 
bowel movements. The same elTfeet is often noted in young patients. ^Ve have 
been able to demonstrate this effect in some patients .sufTering from constipa- 
tion over a period of fifteen years without changing any other factor except 
the withdrawal of all cathartics and enemas. It is hardly conceivable that the 
presence of 200 c.c. of oxygen in a colon with a capacity of 2 to 3 liters has 
any direct mechanical effect by distention of the bowel wall, particularly since 
the gas is given very slowly. Another interesting observation in eonncction 
with the use of oxygen is the rapid disappearance of foul odor from the stool. 



Fig. ii. Apparatus tor Intestinal oxyBenation. IncIuillnK small warinlng coll for Immer- 
sion in basin of hot water or placing upon electric pad. A No. 10 soft rubber catheter is 
Inserted Into the rectum. 


The oxygen dosage usually employed is approximately 200 c.c., one to three 
times daily. The apparatus pictured is set up in the bathroom, and the distal 
3 or 4 inches of a No. 16 soft rubber catheter lubricated with K-Y jelly is 
inserted into the rectum. Administered at the rate of !)0 bubbles per minute 
for ten minutes, it will delii'er approximately 200 c.c, of oxygen at room tem- 
perature. Any similar device may be used. The gas is usually given with the 
patient in the upright position on the toilet seat, but in debilitated patients it 
may be administeied in the lecumbeiit posture. After proper instruction in 
the use of intestinal oxygenation, the patient is permitted to continue treat- 
ment at home. In some instances the dosage can eventually be cut doivn after 
one or two months or even discontinued except for periodic short intervals. 
During the ten years that intestinal oxygenation has been employed, no un- 
toward result has been reported. In cases where the rectal route is not feasi- 
ble, the oxygen may be administered by inhalation, though larger amounts are 
reciuired to relieve intestinal atony. 

In closing, it may be stated that no broad generalizations with regard to 
the therapeutic effects of oxygen are intended. Our experience has been suffi- 
ciently large, however, to warrant a rather conservative report so that others 
may be encouraged to judge of its usefulness. 
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Sr.MMAUY 

Intestinal vasenlar selernsis is essentially a disease of old af'C. The ehief 
symptoms are distention, eonstiiiation. indi!J:estion. and abdominal eramp.s. 
Tlierapy eonsists of eardiovaseiilar supportive measures, an easily assimilated 
diet, intestinal a.spiration, and intestinal oxygenation. 

I w1.mIi to acknowli.'ilwi' Kialofully thi- a-Msls-lanri- of Or. 1. Uolhatuln aiul Dr. W. H. Ka.stl 
In riivivwluw l.iHHt incioii.My iirotorol.s. 
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An Expkkimknt ox Its Antu;km(; 1>i{ui>kuti« 

«TANI.I.;v R. TUU.M.VN, .M.D., OaKI.AXI,, (jAI.Il’. 

present time wlerosin- At the 

are numerous reports of -jIIm ‘ However, tliere 

deaths, apparentlv due ‘‘1 

tions could be expected i 

ot‘ tim fatty acids of 

wlud/rosebM-otmbt^so^^^^^^ 

this solution contains no i.rotein it u- i 

clinical trial has shown liio material to J'»dted 

of clinical trial, a death was reposed sat.sfaCory. During the period 

gic reaction to the injection if numoinf' ^ n'‘ ••>«‘-‘i‘>hed to an aller- 

have reported a ease of sensitivitv to both ^'‘^‘‘“7* ‘ Ifoyerdalo- 
the same individual. Althou'di no otbn and sodium morrhuate in 

tivity to monolate have appeaml in ^ 

tory test of the antigenic properties of that a lahora- 

lowing experiments Tvere Lon 

aetion of 5 per cent sodiuni morrhuate and monohlc'"*''" 

Recokt Or Kxi’EiuMrx.i-,’ 

Experiment 1. Each of three .Guinea , • - 

TOtii 1 c.c. of 5 per cent sodium morrhuate.^ Tl nitraperitoneally 

jected with 5 per cent sodium morrhuate Vll '^dcr each was rein- 
reaction. Tw'o sneezed and became apprehensive typieal anaphylactic 

slight convulsion, and recovered. The third Jia 1 •’ ^'‘■'d a 

severe convuEion, and died. * s^imilar reaction, with a more 

Experiment 2. Each of 12 guinea pj-rs , , . 

0.5 c.c. to 1.0 c.c. of monolate, depending'^on the with 

later each was given an intraperitoneaf dose of weeks 

There was no reaction in any guinea pig. ’ ^ °f monolate. 

Experiment 3. Two cubic centimeters of monoHiP . . • • 
ear vein of a rabbit. Three w'eeks later 2 c.c. of monolaL^^*^ "Hceted into the 
intravenously. There was no reaction. ' were injected 

•Jlonolate. 
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Experimont 4. E(Hial doses of 5 per cent sodium morrluiate and inonolate 
wei'O injeeted suljeutaneoiisly into a rabl)it's cars. The size, intensity, and dura- 
tion ot' the inllammatory reactions were practically identical. 

Experiment 5. (a) :\lonolale gives a negative reaction to protein by the 

Greenberg method for total protein, (b) Monolale gives a positive biuret test. 
This is due to the monoethanolamine, and does not indicate the pre.senec of pro- 
tein. (e) iMiero-Kjeldahl test is also positive. This is due to the presence of 
nitrogen in monoethanolamine, in tiie form of an amino group, and again does 
not indicate the pre.senec of jirotein. 


niscussiox 


The results of this experiment were anticipated on the basis of the chemical 
compositions of the sodium morrluiate and the monolate. Sodium morrhuate 
is derived from eod-liver oil, and contains some protein, to which guinea pi^s 
are readily sensitized and show a typical anaphylactic reaction. Monolate con- 
tains no protein and apjjarently ivill not sensitize guinea pigs. Althoimh it is 
not possible on the basis of this small number of animals to make a final state- 
ment about the antigenic properties of monolate, it is encouraging to find that 
it is not a sensitizing antigen for any of this group of guinea pigs. 

The similar inflammatory reaction produced on a rabbit’s ear would re- 
affirm the clinical impression of a similarity of the sclerosing activity of the 5 
per cent sodium morrhuate and monolate. Actually, in practice the monolate 
seems slightly more potent than sodium morrhuate, and to get a similar reac- 
tion, about two-thirds as much monolate as 5 per cent sodium morrhuate can 
be used. 


Of course, no light has been thrown on the problem of drug sensitivity and 
anyone who undertakes to give a large number of injections of any druo-’ will 
sooner or later run across some person wlio is sensitive to that drug. At the 


present time no means of predicting such sensitivity has been determined. It 
has been my custom to give a very small injection of 0.2 e.c, to 0 3 c c at tl 
time of the first injection, hoping to measure the patient’s reactions to' the i^ 
jeetion and to the drug. This may be helpful. 


No antigenic activity could be demonstrated experimentally in monolate 
If it has any antigenic property it is certainly much less antigmiic 11^ 5 "er 
cent sodium monhuate, winch it closely resembles in application an 4 v 

Monolate is therefore, a more satisfactory agent for use in the injecUo, hit 
ment of varicose veins. mjection tieat- 

vish to express my thanks to Dr. Paul « 

,30 of his laboratory racilities lor the '“’^“‘’atory tost and 

references 
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:\IULTIPI.E PPLMARV ilALKIXANT LESIONS 


John L. Ti’u.is, .M.l)., Nkw Vohk, N. Y. 


T\/IAN\ reports of nmlliple primary inalii'iianl lesions in tlie same persons 
•■•’A liave appeared in tlie literature sinee Billroth published the first ease in 
1869. The first Ameriean author to heeoine interested in the i)rohlein was Jlajor 
who, in 1918, reviewed the literature, whieh was ehietly eontrihuted by (lerinan 
authors. Suhsecpiently Owen (1921), Opiiiils (1926), Hanlon (1931), Warren 
and Oates (1932), Hurt and Broders (1933). Sehreiner and Wehr (1934), 
Bu<,dier (1934), Burke (1936), Amstin (1938), Kirshl)auni and Shively (1938), 
and Stalker and others (1939) have eoutriljiited materially to the Ameriean, 
literature by publishiiif' larfie .series of ea.ses. In addition, many authors have 
contributed isolated eases or small series of eases. The summaries of the larjter 
series of cases may be found in Tables I, 11, and III where the several series 
are broken down into small fjroups beeau.se of variations in methods of diagnosis 
and, particularly in the autopsied and surgical eases, because of the variation in 
sex incidence and the types of lesions encountered. The Bellevue eases conform 
in general with those of the (pioted aufop.sy eases. 

The Bellevue Hosjjital material was selected from 6,836 eonseeutivc au- 
topsies pertormed in the four divisions of the hos])ital during the past eight 
years. In 1,044, or 15.2 per cent, of these autopsies malignant lesions were 
diagnosed, and in 21 of the 1,044 autopsies, or 2.0 ])er cent, more than one 
independent malignant lesion was diagnosed. The 21 eases here presented were 
selected after a review of the autoj)sy protocols, the microscopic sections, and 
the clinical histories. The ea.ses are not limited to eareinoma.s, but include all 
types of malignant lesions. 

The micioscopic sections meet the lollowing criteria: 

a. Each lesion possesses generally recognized malignant characteristics. 

b. Each lesion has the histologic i)attern commonly associated with 
malignant lesions arising from the tissue or organ in question. 

e. Each lesion is a distinct entity, metastases having been considered 
and ruled out in so far as possible in each instance. These criteria, eloselv follow 
those established by Warren and (tales, and, like theirs, exclude an additional 
criterion, namely, that each tumor must produce its own metastases, which was 
advocated by Billroth but which has since been generally discarded. ' 

The clinical histories were studied with a view to establishing the relation- 
ship of the duration of the individual lesions and collecting data relative to 
the familial tendency to malignant diseases. Investigation along both these 

•From the Department of Pathology, Bellevue Hospital. New York. 
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Taiii.k r 

Al ’HH'sy SKIUK.S 


CAll I)ui;;uii>i‘.s I'tmliriiuMl I)y Itistoluj'ie Stiulv; 


wnuwi 



VVM CEN’T 

AVEKAGE 

AGE 

UATIO 

Olihiils 

.-.1-2' i 

I 1.-, 

2.(1 

! 



Ibiulon 


i IS 

1.9 

02.0 

i:’,:5 

Warri'ii uiid (ititcs i 

1.07S 

10 

:!.7 

lU.S 

15:25 

iiuglior 


no 

:!.i 

(il.O 

2-t:(i 

Hurki- 

.'jSI! 


7.S 



.■J5:ll 

.\u:-tin 

SS7 

21 

2.7 




Kir>li)):ium und .sidvolv 

1,111 

2.‘» 

1.77 

O.'i.S 

17:8 

Tulli.s 

1.0 I t 

21 1 

t 2.0 

5S.4 

17:4 


•ThI.s IncUulis 11 \Alh Hoilskln'n illsease and 23 patients with acute and 

clironic leiicemla. S>'Vi n palleiils witii ptioiiia listed elsewhere are not included In this total. 


Taki.e II 
SuiicicAi, Series 

(All Diaouoses t'onliriucd by Ilistologic Study) 


AUTHor. 

it A LION A NT 
CA.SE.S 

JtAUGXA.NT 

OASES 

PER. CENT 1 

AVERAGE 

AGE 

RATIO 

M:F 

Hurt and Hrodcr.'- 

2,124 

71 

3.3 

50.4 


•Stalker anil co-workcr.s 

2,500 

(approx.) 

ii;5 

4.52 

59.7 

50:03 


Taule III 

Clinical Series 
(Clinical Ca.ses “ObseevVed”) 

(All Diuguo.ses Xot Confirmed by Histologic Study) 


AUTHOR 

malignant 

CASES 

.^lULTIPLE 

ilAUGNANT 

CASES 

PER CENT 

AVERAGE 

AGE 

RATIO 

Owen 

3,000 

143 

4.7 

- 


Ward 

1,773 

94 

5.3 

- 

55:39 

Schreiner and AVelir j 

11,212 

307 

2.7 

- 

! 


lines was disapjiointing. Freciuently, unless one of the lesions was on the body 
surface, ante-mortem diagnosis of the second lesion was not made. As for 
the familial tendency, in only 3 cases (Nos. 1, 17, 19), or 14 per cent, was there 
a positive family history of cancer. This is slightly below the figures of 15 to 
30 per cent u-sually reported. However, in one case the causes of death of 
file patient ’s family were unknown to him, and in 2 others this information was 
not obtained before the patients’ death. If these 3 cases are subtracted from 
the total, the percentage of positives becomes 16.6. Even this is believed to be 
an understatement, since the typical Bellevue patient is dravui from a large city 
with a large immigrant population. Often he has an imperfect knowdedge of 
English; more often he has lost contact Avith his family in the fatherland. 

Eealizing that errors of omission are as unfortunate as errors of commission 
a conscious effort to avoid both was made. It was felt that lesions with a known 
tendency to multieentrie origin, such as multiple parenchymal cell carcinomas 
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of tlio liver, iind lesions of jiossible iiialif'iiant ori^i,Mn, wJiieli arc not .vet iiiii- 
versally accepted as such, including: tlie leueemias and llodgliin’s disease, sliould 
be excluded from this series. Also two cases of liilateral li.vpernophromas of 
identical liistologie pattern, where it was impossible to rule out the possibility 
of one beiii" a metastasis from tiie other, and one case of bilateral carcinomas 
of the ovaries, where similar conditions prevailed, were not included. However, 
one ca.se of bilateral carcinomas of the female breasts was incliulcd hccau.se the 
one had been .sur^deally removed four .vears before the appeai'ance of the other, 
and the two were of different histologic pattern. 

'I'aiii-e IV 
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0 
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44 
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cinoina 
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X 
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Scrotum 

0 

3 

F 

73 
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(.’areinonui 

Liver 

0 

'I'ibro.^areoma 

1 
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X 

4 

M 

OS 
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0 

[.Idenocarcinoma 
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Pro.state 

Stomach 

0 

X 

5 


34 

S<ju:iiuo«s-cclI car- 
cinoma 

Bile ducf.s- 

' 0 

1 

.Vdenocarcinoma 

Stomach 

X 

<3 

V 

0(] 

Adonoc.areiuomti 

Colon 

X 

Lvdenocarcinoma 

Prostate 

0 

7 

F 

33 

Duct-cifll carcinoma 

liight 

breast 

' 0 

|Col3oitl carcinoma 

! 

Loft breast 

X 

s 

F 

00 

.-Vdenocarcinoma 

Kidney 

X 

[Basal-cell e]»itlicli' 
oma 1 

Cervix 

1 

0 

» 9 

M 

40 

Colloid adeno- 
cureiuonia 

Itectiim 

i X 

I 

X^ipillajy' adeno- 
carcinoma 1 

Transverse 

colon 

X 

10 

M 

GO 

BroucUiogcuic car- 
cinoma 1 

lAlJlg 

X 

Adenocarcinoma j 

Prostate 

0 

11 

F j 

58 j 

Adenocarcinoma 

Rectiiin 

X 

Fapfdary ailono- 
carcinoma 

Rectum 

X 

12 1 

M 1 

70 1 

Adenocarcinoma i 

Froslate 

0 

.Vdenocarcinoma 

Pancreas 

0 

13 

1 

1 

51 

i 

Adenocarcinoma 

.Stoiiiiicli 

X 

Parenchymal-cell 

carcinoma 

Liver 

X 

14 

M 

54 

Broucliiogeuic car- 
cinoma 

Lung 

X 

Scjuamous-cell opi- 
tiielioma 

[Tongue 

I 9 

15 

M 

03 

Adenocarcinoma 

Reclnm 

1 

0 

Basal-cell epitheli- 
oma 

i Temple 

0 

10 


50 

PareucUymal-cell 

cavciiionia 

Liver 1 

0 

.Vdenocareinoiiia 

Stomacli 

X 

17 

il 

5S 

Ilypernepliroma 

Kidney , 

1 

Adenocarcinoma 

Pancreas 

0 

IS 

11 

05 

Adenocarcinoma 

Stomacli 1 


Adenocarcinoma 

Stomacli 

0 

19 

11 

75 

Ad en oca rci n 0111 a 

Ston)acli 1 

1 

0 1 

Squamous-cell epi- 
thelioma 

Esopliagns 

0 

20 

It 

70 

Adenocarcinoma 

Stomacli 1 

0 j 

Adenocarcinoma 

Ascending 

colon 

0 

21 

11 

74 

Adenocarcinoma 

stomacli 

0 1 

Adenocarcinoma of 
polyp 

Adenocarcinoma of 
polyp 

Stomach 

Stomach 

0 

0 


The cases are listed as a group in Table IV. There are 21 eases, represent- 
ing 44 lesions, of which 3 are sarcomas and 41 carcinomas. Tables VI, VII, 
and VIII show, the organs or organ systems most frcciucntly involved. 

The gastrointestinal system is most frequently involved. Twelve cases (57 
per eent)I representing 20 lesions, are listed under this category. Eight of these 
12 cases show 11 lesions in the .stomach. Only 2 lesions involve the skin pri- 
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marily, although 6 lesions arise from stratified s(iuamoiis epithelium. This 
distribution is in accord with that in other autopsy serie.s, but is in complete 
disagreement with the distribution in the surgical and clinically observed cases. 
In the surgical and clinical series stress is laid on the predominance of skin neo- 
plasms among multiple malignant lesions. FiCty-ciglit of the 152 le.sions among 
71 surgical cases reported by Hurt and Broders originated in the skin. Thirty- 
five of the 113 cases vei)orted by Stalker ai\d associates involved only the skin. 
Ward, working in England, who rei)orted only rodent ulcens, .states that 5.3 per 
cent are multiple. Since these lesions are by virtue of their location discovered 
readily and early, they are fretiuently sueces-sfully treated before tlie patients 
come to autop.sy. If there is a change of hospitals in the interim, the foreign 
clinical records may be lost to the pathologist. 

Table V 


C.\SEs IS 'Which at Least Oxe of the Le.sioxs Ls PiuifARV i.v the Gastrointestinal Tract 


CASE 

NO. 

SEZ 

AGE 1 

LESrOK 

ORGAN 

LESION 

ORGAN 

4 


68 

Spiudle-cell sarcoma 

stomach 

Scjuamous-cell epitheli- 
oma 

Adenocarcinoma 

Esophagus 

Prostate 

5 

M 

34 

Adettocareinoma 

.Stomach 

Squamous'cell car- 
cinoma 

Bile ducts 

13 1 

3.1 

51 

Adeaocarciaoma 

Stomach 

Parenchymal-cell car- 
cinoma 

Liver 

16 

AI 

50 

1 

Adenoeareinoma 

.Stomach 

Parenchymal-cell car- 
, cinoma 

1 Liver 

18 

M 

i 65 

Adenocarcinoma 

1 Stomach 

(Adenocarcinoma 

.Stomach 

19 

1 

72 

Adenocarcinoma 

Stomacli 

iSquamous-cell epitheli- 
oma 

Esophagus 

20 ' 

31 

70 

Adenocarcinoma 

1 

Stomach ‘ 

Adenocarcinoma 

Ascending 

colon 

21 

34 

74 

Adenocarcinoma 

Stomach 

Adenocarcinoma of 
polyp 

Adenocarcinoma of 
polyp 

Stomach 

.Stomach 

6 

M 

56 

Adenocarcinoma 

Colon 

Adenocarcinoma 

Prostate 

9 

31 

40 

Callqid adenocarcinoma 

Rectum 

Papillary adenocar- 
cinoma 

Transverse 

colon 

11 

31 

58 

Adenocarcinoma 

Rectum 

Papillary adenocar- 
cinoma 

Rectum 

15 

1 

63 

Adenocarcinoma 

Rectum 

Basal-cell epithelioma 

Temple 


The liver is involved in 5 cases, the prostate in 4, the pancreas in 8, the lung 
in 3, the uterus in 2, and the kidney in 2. 

Two eases have 3 primary malignant lesions. Case 4 shows involvement 
of the prostate (adenocarcinoma), the middle third of the esophagus (squamous- 
cell epithelioma), and the stomach (spindle-eell sarcoma). Case 21 shows in- 
volvement of two distinct polypi in the fundus of the stomach (adeno- 
carcinomas) and an infiltrating lesion in the pylorus (adenocarcinoma). 

In 14 cases there are metastases from at least one of the lesions and in 
3 ca.ses from both of the lesions. In 7 eases no metastases could be found. 

Seventeen patients were males and 4 wei-e females, a ratio of 4^-1 Ex 
cept in one instance (Waiven and Gates), tlie published autopsy series show 
a comparable ratio of males to females. In the surgical series, however, the ratio 










r,92 thk jouknai- ok i-ahokatoky and ki.inicai. mkdikink 

is slighUv in favor of ll.r tvinalrs. The vnrinti,.,. may hr os,. lain, -.1 in l.art 1^ 
tho tact ihat rvhilc -vomon arc willin.y to snl.nht to ,„,..ra .on, .1 is 
to obtain pennission for post-inorUnu i-xamination oi tin- icinalr bo(l>. 
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2 
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I 

8 
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M 
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15 
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li.l 

19 

AI 
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SEX 
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1 
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AI 
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51 

50 
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CASE 

NO. 

SEX 

AGE 

LESION 

OUGAN 

I.KSION 

or.GAN 

4 

AI 

08 j 

Aiicnocarcinoma 

Prostate 

Sijuainuiits ccU opitliolionui 
Si)imUe-i.'(.-U suri'oma 

Ksopliagus 

Stomacii 

G 

AI ■ 

50 

Aiicnocarcinoma 

Pro.statc 

.Viicniicarciniima 

Transvcr.'C 

coion 

10 

12 


GO 

Aiicnocarcinoma 

Prostate 

Bronciiiogcnic carcinoma 

I.nng 

AI 

70 

Aiicnocarcinoma 

Prostate 

.Viicnocarcinoma 

I’ancrcas 


The average age in this series is 58.4 years. The tiges vary from 33 to <•> 
years the ages being those at time of deatli. Tliis avertige eonforms witli otliei 
published reports. It is slightly above the generally aeeeiited age ineidenec 
for siimle malignant lesions, thereby lending eredenee to the elinieal rule that 
those tumors which appear late in life are likely to be less rapidly lethal than 
those which appear early. Being less rtipidly lethal, they do not ctiuse the death 
of the host before a second lesion has time to develop. 


COMMENT 

The amassed data from several large series of autopsies from American 
institutions reveal that in 7,448 cases with malignant lesions there are 219 cases 
(9 8 per cent) Avith multiple malignant lesions. Kirshhaum and Shivel.v, on the 
basis of their individual data, conclude “individuals may he endowed with a 
congenital, or accpiired, predisposition toAvard tumor formation.’’ AYarren and 
Gates, and Austin, conclude that the incidence of multiple malignant lesions is 
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higher than can be explained on the basis of elianee alone. A mathematical 
formula for computing the expected incidence of multiple malignant tumors 
when compared with the actual facts leads Bugher to conclude that the incidence 
is “equal to or greater than may be expected from chance alone.” Although the 
percentage of multiples in the Bellevue .series is somewhat below that of the 
total publi.shed series combined, the facts seem to warrant concurrence with 
those whose opinion it is that multiple malignant lc.sions occur more frequently 
than can be explained by chance alone. It seems fair to predict that as the life 
expectancy of patient.s with cancer is increa.scd due to refinements in diagnosis 
and treatment, the incidence of multiiile malignant tumors will increase and 
lend more convincing evidence in favor of the foregoing conclusion. 

In reviewing the large number of autopsies necessary for the preparation 
of a paper of this nature, the frequency with which one encounters benign 
tumors in association with malignant tumors is striking. Studied in connection 
with family history, the problem is intriguing. It brings up the ciuestion of 
the interrelationship of hereditary predisposition for tumor formation and re- 
action to environment, and how that interrelationship may affect the health and 
happiness of the individual. The answer to the riddle is not yet apparent, but 
the possibility of theory becoming fact .should intere.st the clinician now. With 
this information in mind he may help his patient and himself in two waj's: 
first, in realizing that his diagnosis is not complete until he has ruled out the 
possibility of a second tumor once one is found; and, second, in realizing, as 
Stalker and co-workers have emphasized, the importance of free discussion and 
inve.stigation of the other members of the family of a cancer patient for the 
possible presence or development of malignant disease. 

SUJIAIAHY 

1. Twenty-one autopsies with multiple malignant lesions occurring in 1,044 
autopsies with malignant lesions are reported. This is an incidence of 2.0 per 
cent. 

2. There were 17 male patients and 4 females, with a combined average age 
incidence of 58.4 years. 

3. Multiple malignant lesions arc believed to occur more frequently than 
can be explained on a basis of chance alone. 

4. The clinician is urged to rule out the pos.sibility of a second tumor once 
one has been diagno.sed. 

5. The clinician is urged to discuss freely with the family of his patients 
with cancer the possible familial tendency of the disea.se. 


KEKEREXCE.S 

4. Burke, M.: Multiple Primary Cancers, Am. ,J. Cancer 27- SU! iq’f 

Mf.i>. 18: 76.S, 19.S.1. ^ ^eopIasms, .T.L.tB. & Clik. 


7. KirsUhaum, J. D., ami Shively, F. L .Ir • WiilMr,),. r> - ..r 

Ci.i.v. Mr.u. 24: 2Sa, IH.'JS. ’ " Pt'-aary Malignant Tumors, 


.r. Lab, 



594 


THK JOUKXAI. OK l.ABOKATOKV AND CLINIOAI. MKDIOINK 


S. Major, E. 11.: Multiple Primarj’ Malignant Tuiuor."!, Bull. Jolius llopkius IIo.sp. 19: :>93, 
191S. 

0. Murray, J. A.: Linacre Lecture on Multiple Xew Growths, Lancet 2; SOO, 1927. 

10. Ophiils, AV. : A Statistical Survev of Three Thou.sand Autopsies, Stanfonl Univ. Publ., 

Univ. Series, M. Sc. 1: 131, ‘1920. 

11. Owen, L. J.: Alultiple Malignant Neoplasms, J. A. M. A. 76: 1329, 1921. 

12. Schreiner, B. F., and Welir, IV. 11. : Multiple Primary Cancer a.s Ok-^ervcd at the State 

Institute for the Study of Malignant llisease. Am. J. Cancer 20: -ilS, 1931. 

13. Stalker, L. K., Phillips, E. B., and Pemlierton, ,1. deJ. : .Multiple Primary Midignant 

Lesions, Surg., Gynce. & Obst. 68: 59.j, l!i39. 

14. W:ird, B. : Eadium Treatment of Kpithelionmta of the Skin, Brit. M. J. 2: 311, 1930. 

15. Warren, S., and Gates, O. : Multiple Priinarv Malignant Tumors, .Vm. J. Cancer 16: 135S, 

1932. 


CONGENITAL 


ABSENCE OF THE 


GALL BLADDER AND 


CYSTIC DUCT'’ 


IlEKOItT OK A C.VSl-; 


William C. Goudo.n, il.D., and D.tvio Dra(;ut.sky, M.D. 
New York, N. Y. 


^ONGENITAL anoiualic.s of the gall bladder and the biliary duets have been 
^ reported with increasing fre<iucney in the i)a.st two decades, but they still 
remain relatively rare conditions. The importance of these structures in medi- 
cine and surgery warrants the de.scription of these anomalies, which may at 
times assume major significance in diagnosis and treatment. 

REPORT OF A CASE 

S. L. (10922-1939), a 7(i-year-old white male, was admitted to the Metro- 
politan Hospital on Oct. 17, 1939, with complaints referable to the urinary 
system. He had received treatment for a mild diabetic condition, but had 
otherwise been in good health up to the present illness. The family history 
was irrelevant. There were no gastrointestinal symptoms, except for anorexia 
and constipation which had developed concomitantly with his urinary complaints. 

After physical examination and laboratory work-up, the diagnosis was 
made of: (1) Fibrosis of prostate with contraction of the bladder neck. (2) 
Diabetes mellitus. (3) Arteriosclerotic heart disease — compensated. First- 
stage prostatectomy was performed on Nov. S, 1939. The patient never rallied 
following the operation, but went steadily downhill despite all therapeutic 
measures. He developed an ascending urinary infection, and died Jan. 12, 1940. 

During the course of the autopsy it was noted that the gall bladder and 
cystic duct could not be located. Acquainted with the rarity of this anomaly, 
we centered our attention on this focus. Careful examination of the skin of 
the anterior abdominal wall and of the underlying peritoneum did not reveal 
any sears. The site usually occupied by the gall bladder was free of adhesions 
or fibrous tissue, which may sometimes conceal an atrophic or shrunken gall 

♦Prom the Department of Pathologj', Metropolitan Hospital. Welfare Island New York. 
.Vndrea Saccone, M.D., Director. 
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bUicldev. The extrahepatie biliary ducts were earehiHy dissected and their 
continuity was traced into the duodemun. There were neither signs nor vestige 
of a cystic duet. 

The liver weighed .1,430 Cini. and appeared normal as to shape and rela- 
tions to the adjacent viscera. Tlie normal markings of the gall bladder fossa 
were effaced. Glisson’s capsule was thickened, and the surface of the liver 
was finely granular. The organ was firm and cut with resistance. Ihe cut 
edges were sharp and distinct. The intrahcpatic biliary ducts were moderately 
dilated and filled with viscid green bile mixed with granular debris. The right 
and left hepatic ducts issued from the transverse fissure, and immediately 
united to form a dilated common hepatic duct, which was 8 cm. long and had 
an average diameter of 1 cm. This duct was filled with viscid green bile and 
showed a small bulbous dilatation 0.5 cm. proximal to its entrance into the 
duodenum. The duodenal papilla appeared normal. Multiple sections of the 
liver failed to reveal any trace of an intrahepatic gall bladder’. Careful exami- 
nation of the common hepatic duet did not show any evidence of a cystic duet. 
The cystic ai’tery was absent. 

Microscopically, the capsule was irregularly thickened, and there was ex- 
tensive subcapsular lymphocytic infiltration. The lobules were irregular in 
shape, but the relation of the central vein to the lobule Avas preserved. The 
perilobular connective tissue Avas increased and Avas infiltrated Avith lympho- 
cytes, plasma cells, and occasional polymorphonuclear leucocytes. There Avas 
a proliferation of biliai’y canalieuli. The larger ducts Avere dilated and filled 
Avith plugs of bile. The hepatic parenchyma, for the most part, appeared 
normal. HoAvever, some cells, especially those at the periphery of the lobules, 
shoAved degenerative phenomena and some contained bile pigment. The blood 
vessels shoAved thickened AA’alls and Avere engorged Avith blood. Sections of 
the capsule at the site usually occupied by the gall bladder failed to shoAV any 
evidence of that structure. 

The pancreas Aveighed 78 Gm. and Avas someAvhat indurated. Microscopic- 
ally, there Avas a slight increase in the interstitial connective tissue. The islets 
Avere abundant and appeared well preserA'^ed. 


DISCUSSIOX 

The significance of anatomic abnormalities of the gall bladder and biliary 
passages becomes increasingly important as our knoAvledge of this system pro- 
gresses. It has been estimated that in at least 10 per cent of all autopsies, 
some anomaly of the gall bladder, bile duets, or adjacent blood vessels can be 
demonstrated. 

Agenesis of the gall bladder and cystic duct has been described as an inde- 
pendent finding in about 40 cases, ilore commonly, this anomaly is found 
associated Avith other abnormalities of the hepatobiliary system. A total of 
about 60 cases have been described where absence of the gall bladder and cystic 
duet are accompanied by other structural defects of this system 

In 1928 BoavcxV in an extexisive review of the anomalies of this system, 
listed absence of the gall bladder and cystic duct as the fourth most rare 
anomaly of the hepatobiliax-y system. He cited 31 case reports of congenital 
absence of the gall bladder and cystic duct occurring independent of other 
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anomalies. In that same year, Al^lave- added anotiier ease to tliis serie.s. Sinee 
then cases liave been reported, amonit others, by Danzis,'* Tallmadge,'^ and 
Eobertson and a.ssoeiates.' l\nox'’ lias reported two eases in a series of 2,000 
autopsies, ilcntzer’ and Xap-el have .seen the condition onee each in a .series 
of 1,600 autopsies. Emmert' in lOtll reported the lirst ea.se ho had .seen in 
twenty years of experience. llaekmulF in 1960 reported the first ease eneoim- 
tered by Schaeffer in 3,000 di.sseetion.s. 'I'liis ease represents the first instanee 
encountered at the ^Metropolitan TIo.spital in a serie.s of 3,660 eon.seeiitivo 
autopsies. 

If the gall bladder is not found at autop.sy or at operation, four po.ssibil- 
ities must be borne in mind: (1) The gall bladder has been previou.sly re- 
moved. (2) The gall bladder, due to repeated attacks of cholecystitis, has 
become atrophic or is buried in adhe.sion.s. (3) The gall bladder is intrahepatic 
or is otherwise abnormally located. (4) The gall bladder is congenitally absent. 

In the ease under discu.ssion there was no history of any attacks of cho- 
lecystitis, nor of a cholecystectomy. There were no scars on the anterior ab- 
dominal wall nor on the peritoneal surface of the abdominal ^valI. There were 
no adhesions nor scar ti.ssue at the gall bladdc)- area. .Multiple sections of the 
liver revealed no evidence of an intrahepatic gall bladder, nor could it be 
found in any other site. The only pos.sibility that remained was that the gall 
bladder was congenitally absent. 

Ihe gall bladder and cystic duet are normally absent in certain species of 
animals (horse, mule, elephant). Some species may or may not have it (giraffe). 
In certain animals (pigeon) a gall bladder is present in embryonic life hut 
disappeai-s in later development.'' Its absence in man has been regarded by 
some writers as atavistic. 

Congenital anomalies of the hepatobiliary system are of importance to the 
sui'geon and clinician as Avell as to the pathologist and anatomist. These 
anomalies may lead to erioneou.s diagnoses, as when the gall bladder fails to 
visualize on cholecystography. They may also give rise tolechnical difficulties 
in surgical procedures. We recently had the opportunity to see a case where 
a cholecystogastrostomy was performed for common duct obstruction. The 
operation Avas technically succe.ssful, but at autopsy we found that the cystic 
duct ran an independent course up to immediately before the ampulla of Vater. 
There was not sufficient intraductilc pre.ssure to force the accumulated bile 
from the common duct up the long cystic duct into the gall bladder, and 
through the stoma betAveen the gall bladder and the stomach. "llad this anomaly 
been I’ccognized at opeiation, an attempt might haA'e been made to anastomose 
the Avidely dilated common hepatic duct to the .stomach or duodenum, thereby 
prolonging the life of the patient. 

Dilated bile ducts often, but not constantly, ai'c found' associated Avith 
absence of the gall bladder. Waring"* Avas the first to make the observation 
that “Avhen the gall bladder and cystic duet are absent, the common duct is 
usually found to be enlarged a short distance aboA’'e the entrance into the 
duodenum, so as to form a fusiform sac, Avhich may serA^e to a certain extent, 
as a substitute for the gall bladder in the storage of bile Avhich is secreted 
betAveen the periods of digestion. ’ Such a localized dilatation Avas found in 
this case in an already dilated common hepatic duct. It is intei’esting to note 
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that ill agreement with Bower’s statisties, the dceeased showed dilated ducts 
and had lived to 76 years of age. Bower' states the average age of those who 
died with normal ducts was only 36, as compared with 52 years for those whose 
hepatic ducts were dilated. This is in accord with the fact that in some species 
of animals that are not provided with a gall bladder, the common duct dilates 
to compensate. 

coN'cnusiox 

1. Congenital absence of the gall bladder and cystic duct is a relatively 
rare entity. 

2. A case is reported where this condition was found at autopsy, but there 
were no symptoms clinically to indicate the presence of this anomaly. 

3. Anomalies of the hepatobiliary system are of prime importance in the 
medical sciences. 
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OBSERVATIONS ON CAPIEl.ARY PER.BEABJIATV AND 
INFI.AJLMATIOX IN THE SKIN OF 
SENSI TIZED HA BEITS » 


R. H. Rigdon, B.S,, 3I.I)., Axu Anxk IIaym-.s, B,S. 
-^Ikmpiu.s, Tkxx. 


I 'll\ PAN bUic“ when iiUi'avenou.sly to iionnal rabbits localizes ami 

concentrates in areas of inilaniiaation only diiri))”’ a speciilc jjiterval. This 
interval is not cleterniineil ijy the presenee of edema, hyjjereinia, or polyniorplio- 
nuclear leucocytes.* ** It has been simfiesfeil that this colloidal dye localizes 
and concentrates in areas of inllainmation as a “result ot" a tejjiporarv change 
which occius in the epithelial cells, the eonneetivo tissue celhs, and the endo- 
thelial cells of the capillaries. Tl,is change in tlie pern>eability of those cells 
results fioin the effect of xylol on the ejritlielial eell.s. The nornial njctabolism 
of the epithelial cells is disturbeil, as .shown by the ))rescnce of pyknosis, kuryor- 
ihexis, and necrosis, The results ot the cfieets of this abnonnal intercellular 
fluid on the capillary endothelium is, no doubt, a compensatory mechanism, 
permitting the pa.ssago of water and erystalloids at a more rapid rate than 
normal and also readily allowing the passage through the vessel wall of the 
cells, colloids, and plasma proteins.’’* 

RamsdelP injected trypan blue intravenously to demonstrate the imme- 
diate skin reaction in raiibits and guinea pig.s made hvpcr.sensitive to horse 
serum. The dye was injected intravenously immediatelv before 0 01 c.c of 
horse serum was given intradermally. The infiltration ot\]ve into theso reac- 
tive sites, according to Ramsclell, “is at present to be looked upon a.s no move 
than a sort of indicator of the presence of an edematous ehange which is an 
expression of a toxic action upon the capillary cnclotlieJium ’’ In dis<;nssin<' 
the observations of Ramsdell. Burrows’* states that “it would he of interest to 
know the results if these experiments wore repeated with controls ’’ 

The present paper is first a report of our observations on the localization 
of trypan blue in the .skin of normal and sensitized rabbits followin- the intra- 
dermal injeetion of horse serum, and secondly, our observations on the effect 
of trypan blue on the development of the local reaction following an intra- 
dermal injection of horse serum in the skin of .semsitized rabbit.s 

JIKTIIODS AXD MATKRIAI.S 

The skin of the rabbits is carefully shaven twenty-four hours or longer 
tjefore the horse seruint is injected intradermally. The serum is injected at 

•From the Department of Pathologj’. University of Tennessee 

Aided by grants from the John and Mary R. Marine , . 

Tennessee. ound.ition and tJie University of 
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vai-yiu" intervals before 10 e.c. of a 0.2 per cent solution of trypan blue is 
given hitravenoiisly. Tlic skin is observed for an hour for the appearance of 

a blue color. 

A series of intravenous and intraperitoneal injections of horse serum is 
given for the production of sensitivity. The serum, obtained by bleeding from 
the heart, is titrated for preeipitins in those rabbits used to study the effect 
of trypan blue on the skin reactions. The horse serum for intradermal injec- 
tion is diluted with saline. 

EXPERIJIENTAL 


Localization of Trypan Blue in Areas of Sldn Injected With Horse Senm. 
Normal and Sensitized Rabbits. — Eight normal rabbits are injected intrader- 
mally with 0.2 e.c. of horse serum at the following intervals before 10 c.c. of a 
0.2 per cent solution of trypan blue is given intravenously ; twenty-four hours, 
five hours, three hours, one hour, tliirty minutes, and immediately. In the 
normal rabbits only the last two areas, where the serum is injected immediately 
before the dye is given, become blue within a period of thirty minutes. In a 
group of six sensitized rabbits the dye localizes and concentrates in the areas 
of skin injected with the horse serum as long as three hours before the dye is 
given. 

The greatest amount of dye concentrates in the areas injected with the 
serum the shortest time before the dye is given. A larger area of blue occurs 
at the site of the intradermal injection in the sensitized rabbits than in the 
normal rabbits. 

There is only a small amount of edema in the skin at the site of the intra- 
dermal injections of the serum in the normal rabbits. In contrast to this, 
there is extensive edema and hyperemia in the skin where the horse serum is 
injected in the sensitized animals. 

These observations show that a similar change occurs in the skin of both 
the normal and the sensitized rabbit following the intradermal injection of 
horse serum which permits the localization and concentration of trypan blue. 
This change persists longer, however, in the sensitized animals than in the 
normals. The localization and the concentration of this dye are not deter- 
mined by either the presence or the absence of edema and hyperemia. There 
are considerable edema and hyperemia in the area where horse serum is in- 
jected twenty-four hours previous to the injection of the dye in the sensitized 
rabbit. The dye fails, however, to concentrate in the area. These observations 
seem to support the idea previously expressed that trypan blue localizes and 
concentrates in areas as a result of a change in the tissue cells. This chanwe 
is a temporary one. The capillary endothelial cells, the tissue cells, and the 
epithelial cells are all apparently affected. 

Ejfect of Trypan Blue on the Development of the Local Reaction in the 
Skin of Sensitized Rabbits.— It seems of interest in this experiment to study 
the effect of trypan blue on the development of the local reaction in sensitized 
animals. The results of the preceding experiments support the opinion pre 
viously expressed that trypan blue localizes and concentrates in areas of in- 
flammation as a result of a temporary change in the endothelial cells, the con- 
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neetive tissue cells, and the epithelial cells.* Moon' thinks that the above cells 
become semsitized and are injured directly by contact -with the specific antigen. 
The presence of a colloid in the.se cells might inlluence their respon.se to a 
.specific antigen. 

Five rabbits sensitized to horse serum are used in this experiment. Five 
days before the intradermal injection of the horse .serum, the precipitin titer of 
the serum from these rabbits varied from 1 ::j20 to 1 :5,T20. Ten cubic centi- 
meters of a 0.2 per cent solution of trypan blue are injected intravenously into 
each of three of these rabbit.s, and into one control thirty hours and again six 
hours before the intradermal injection of 0.1 c.c. of the following dilutions of 
horse serum: undiluted, 1:10, 1:20, 1:40, 1:80, and 1:100. The .skin is dark 
blue when the hor.se serum is injected. There are edema and h^^)eremiu after 
twenty-four hours in each area of skin injected with the serum diluted as much 
as Vjo in each of the sensitized rabbit.s, while only a small reaction is present 
in the normal rabbits where undiluted horse serum is injected. The .skin in 
the two sensitized rabbit.s without dye eorre.sponds exactly with the reaction 
in the three rabbit.s given tlie trypan blue. 

It may be concluded from this experiment that trypan blue does not affect 
the reaction of sensitized cells to a specific antigen. 

UISCUSSIO.N 

The observations made in this experiment that trypan blue following an 
intravenous injection localizes and concentrates only during a specific interval 
following the intradermal injection of hor.se serum corresponds to other studies 
where this dye was found to localize and to concentrate in areas of inflamma- 
tion produced by the local application of xylol only during a specific interval.*’ - 
The present experiment also shows that the lime in which trypan blue localizes 
and concentrates in an area is not determined l)j’ the ijresence of edema and 
hyperemia. The loealization and the concentration of this colloidal dye in 
specific areas of .skin supports tlie opinion that “the connective ti.ssue and the 
vascular system differs as far as their functional state is concerned in sensitized 
and non-sensitized animals.”® 

There are many technical difficulties that one encounters in an attempt 
either to satui’ate or to block and then to study the reaction of .specific cells. 
Cannon and his associates,® and Jaffe** have discussed these in considering the 
effect of blocking the reticulo-endothelial system on the formation of anti- 
bodies. The occurrence of edema and hyperemia at the site of the injection 
of the antigen in the sensitized rabbits given trypan blue similar to that oc- 
curring ill rabbits without this dye certainly supports the opinion that ‘‘the 
storage of the dye does not affect the vital parts of the cells and in the dye- 
filled cells sufficient cytoplasm is left to carry on its metabolic processes. The 
cell also is able to take in more foreign material of the same or of another 
kind.”*® 

These observations show that trypan blue localizes and concentrates in 
areas of skin injected with horse serum in sensitized rabbits during a specific 
interval. Furthermore, the greate.st quantity of dye localizes and concentrates 
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in the area of skin injected for the shortest interval before the dye is given. 
These results suggest that immediately following the contact of the antigen 
with the sensitized eells a ehange occurs in the cells which permits the en- 
trance of the colloidal dye. 'I'his change in the cell is transient. If the cell 
is completely destroyed, the coagulated cytoplasm may become blue by a dif- 
fusion of the colloidal dye from the intercellular Iluid. In the rabbits where 
extensive injury occurs following the intradermal injection of horse serum, 
trypan blue may be observed to localize at the periphery of the lesion for as 
long as twenty-four hours. The localization of dye at the periphery of such 
a lesion must be differentiated from the localization of the dye which occurs 
throughout an area infiltrated by the horse serum. In the former, the cells 
are affected by being proximal to severely injured ti.ssue, while in the latter 
the localization and the concentration of dye apparently results from the 
etfects produced by the contact of the antigen with sensitized cells. It must be 
remembered that the metabolism of a cell may be disturbed by many different 
processes. 

The Arthus’ phenomenon is not influenced by the intravenous injection 
of ink given before and after sen.sitization.'“ Although the reaction produced 
by the intradermal injection of horse serum- into a sensitized rabbit may be 
different from the Arthus’ phenomenon, it is of interest to know that trypan 
blue and ink do not affect the development of either the hypersensitive reac- 
tion or the Arthus’ phenomenon. 


SUAIIIARY 


Trypan blue following an intravenous injection localizes and concentrates 
in areas of the rabbit’s skin injected with horse serum if the serum is injected 
a short time before the dye is given. The time during which this dye localizes 
and concentrates in the skin is much longer in sensitized rabbits than it is in 
the .skin of normal rabbits. 

The localization and the concentration of trypan blue m areas of inflam- 
mation produced by horse serum are not determined by the presence of edema 
and hyperemia. This dye may not concentrate in all areas of edema and 
hyperemia, as shown by the failure of the dye to concentrate in areas of skin 
injected with horse scrum twenty-four hours previously to the injection of the 
dye. 

The presence of trypan blue in the ti.s.sues of a sensitized rabbit appar- 
ently does not affect the subsequent reaction that occurs when the antigen is 
injected intradermally. ° 
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PERCUSSION AND AUSCULTATOKV PERCUSSION WITH A NEW 

INSTRU.MENT® 


Lolt.s Pei.nkk, H.D., Bkooki.vn, N. Y. 


I N ASCERTAININC the euiulition oi the Itiiiy.s, tlie .size ot' the heart, great 
vessels, and viseera, no elinieal method will ever liave the linality of the 
roentgen ray. However, elinieal metins of ev;ilnation of these faet.s, sueh as 
percussion and auscultation, are very importiint in the everyday pntetiee of 
medicine, and any instrument that might improve our ability to recognize 
variations from normal justilies'its e.xistence. .Moreover, competent evidence 
e.xists that pereu.ssion and its modiliealions can be fairly e.xaet if done carefully.' 

Ever since Auenbrugger first published his results obtained from percus- 
sion in 1761, there have been attempts at variation of this elinieal method.- 
The ple.ximeter was first invented by Piorry of Paris in 1S2S, and has been 
constantly improved since then. During the past three year.s, after working 
with several hollow ple.xinietcrs in order to magnify the sound eonduetion, I 
selected one which gave very satisfactory re.sults. It consists of an instrument 
called the Fox localizing attachment, who.se original purpose was for localizing 
cardiac murmurs in auscultation of the heart. For its new use it has been 
renamed the resonant pleximeter. The instrument consists of a localizing rod 
attached to a resonating chamber or sounding box, and is used in percussion 
instead of the pleximeter finger. The use of the re.sonant ple.ximeter in per- 
cussion of the chest, the heart borders and great vessels, gave a more diseern- 
il)le change between resonance, llatne.ss, and dullness, than was possible with- 
out this aid. 

While e.xperimenting with this instrument, it was attempted to lead off the 
sound obtained from percussion directly to the cars of the examiner; in other 
words, to employ auscultatory percussion. It was found at first that the sound 
reaching the examiner’s ears was too loud to be analyzed accurately. A plug 
of cotton inserted into the instrument where it is attached to the stethoscope 
tubing, sufficiently inuftled the sound so that it can be properly evaluated. 
Loudness is not a criterion in its use. In the determination of the size of 
heart, it is preferable to start in the center of the anterior chest wall over the 
sternum and lightly percuss the pleximeter as it is slowly moA'ed in each direc- 
tion, until a change in quality of the sound is noted. Care must be taken to 

♦From the Dep-irtment of Medicine, Jewish Hospit.-il, Brookiyn. and tlie Denirtment of 
Surgery, Beth Moses Hospital, Brookiyn. ^J^parcmeiu 
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tap lightly with the ball of the finger, and to keep the strokes ot the finger o 
approximately the same intensity. Care mu.st also be taken that the localizing 
rod is between the ribs and not on the ribs, because the ribs conduct and emit 
sound differently than do the soft tissues. In our opinion other organs, sue i 
as the liver, spleen, consolidated areas in the chest and pleural effusions 
can also be percussed with fair accuracy. In the case of the liver, the instru- 
ment is placed over the apparent center of the liver anteriorly m the mid- 
clavicular line, and percussion is employed in each direction until a definite 
change in the quality of sound is elicited. 



Fig. 1.— The resonant pleximeter for auscultatory percussion. 


Certain difficulties inherent in the entire study of percussion must be con- 
sidered at this point, so that any method may be properly evaluated.^ It must 
be under.stood that the word resonance can mean all things to all men. It can- 
not be accurately described. Each individual has his own standard for com- 
parison. What is important is that the interpretation based on this standard 
should be the same in each case. To achieve this, nothing will take the place 
of practice. The percussion sound is produced by successive layers of the 
chest ; a light stroke will bring into vibration the superficial layers and organs, 
and a heavy stroke the deeper layers. The pleximeter finger or instrument 
mu.st be placed fairly snugly against the chest wall so as to damp the vibrations 
of the che.st wall and bring out the vibrations of the tissue that we intend to 
percuss. Each pereus.sion note con.sists of a predominant or fundamental tone 
and overtones. To evaluate the percussion note properly, we have to disre- 
gard the overtones. The percussion note also depends on .such seemingly in- 
significant a.spects, such as the pedestal on ■which the .subjects rest, e.g., whether 
the subject stands on a stone floor or re.st.s in bed. In the former case, there 
is a diminution of overtones ; in the latter, an accentuation. It would, there- 
fore, be better to have the subject standing or sitting on a hard object, rather 
than lying on a .soft bed. This is a very important factor in reducing the num- 
lier of overtones. The fundamental or predominant tone has sevei-al character- 
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isties, such as pitch and resonance. Tlie pitcli is determined by the rate of 
vibration of the organs peiani.s.sed. If the rate of vibration is ingli, the piteli 
is high. The resonance of a l)ody depends on its ai)ility to keep vibrating wlien 
struck. If tlie body stops vibrating after it is struck, it is nonresonant. The 
pitch and resonance both depend on tlie tension, thickness, extent, and con- 
.stitution of the matter of tlie liody that is vibrating. Tlie tension and thickne.ss 
for example might be different in the same pathologic conditions in dift’ereiit 
individuals; thus a pneumothorax note may be of high or moderate [litch, de- 
pending on the tension in the pleural eavity.' It can thus be .seen that no 
instruinent ean iio.ssibly take the place of careful analysis of the percussion 
note. 

MI.STOIUfAl, 


The historical development of au.scultatory percussion is interesting, be- 
eause it shows how widely ditVereiit the opinions of reliable observers can be 
as to its validity.' 'I'lie instrument here suggested, we believe, circumvents 
the difficulties experienced with the older instruments, because it utilizes a 
direct method of percu.ssion. aiul an evaluation of this percussed area by aus- 
eultation. The following historical .sketch will show the ditlicnlties inherent in 
this system of clinical diagnosis, and will show how some of the.se have been 


surniounted. 

Auscultatory pereussioii was tir.st suggested by Lacniiec in his Triiitc dc 
rtiuscidtalion mediate, ■' but he did not use it to determine the size of the heart. 
Camiiiann and Clark" were the tir.st actually to attempt to iletcrmine the size 
of the heart. One end of a rod was placed against the chest wall of the .sub.ieet 
and the other in the ear of the examiner. The examiner started pereii.ssing a 
distance away from the organ and gradually ajiiiroached it. The end point 
was reached when there was a sudden inerea.se in loudne.ss as the organ was 
approached. Subseciuently, nearly all improvements in auscultatory percussion 
have been variations of the observations of Cammann and Clark, the later 
investigators using iiereussion in concentric circle.s. either toward or away 
from a stethoscope placed over the organ. Jiiaiichi' in 1S84 replaced the 
stethoscope with the phonendo.scope, which had a rod with a small re.sonating 
chamber above it, and used scratching of the skin instead of pereu.ssion. In the 
ensuing years attention was centered in modifying the tyiies of percu.ssion 
used. A'ery light taps were used by some. Others used friction on the skin 
with the fingernails, going in concentric circle.s toward the organ." Still others 
used friction .strokes with the liru.sh, moving away from a stethoscope placed 
on an organ.” Later, automatic hammers were used in conjunction with the 
stethoscope. 


jMost inve.stigators placed great .stock in their ability to outline the borders 
of the heart, abdominal masses, liver, and spleen with auscultatory ])ercussion. 
Pal was able to diagnose two eehinoeoecus cysts rather than one cyst in the 
liver of a patient.® The enthusiasm of these early workers knew no bounds; 
some even felt able to discern the place of the interventricular septum. Then 
came the inevitable reaction with the researches of de la Camp'" and Sehrwald." 
These authors, working on cadavers, showed that by placing the stethoscope 
at a certain spot and percussing toAvard it, they were able to shift the area of 
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the apparent let! border of the heart at %viU. They conchulcd that ecrtain 
friction patterns that were assumed to map out the size of the heart were 
really the result of conduction of the percussed patterns along ribs, sternum, 
muscle, and bone, and thus could be shifted at will if the stethoscope was moved. 

ilorc modern iuve.stigators'-- seem to have overcome the objections of 
the early workers by using some object for direct percussion, and leading the 
sound thus elicited to the ears of the e.Kaminer. Auscultatory percussion with 
the resonant pleximeter falls into this class, although the instrument used was 
independently studied and does not resemble the other available instruments 
in any of its aspects. 

COiniKXT 

The advantages of the instrument here discussed are : 

1. It utilizes a direct percussion of the underljdng structures and thus 
appears to do away with the disadvantage of the early methods. 

2. Tile imstrument can be easily procured at the present time and adapted 
for use. 


.SUM3IAUY 


The instrument called the resonant pleximeter has been adapted for use in 
auscultatory percussion. 
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CLINICAL CHEMISTRY 


THE INTRAVENOUS USE OF A SUOROSE-KINOER’S SOLUTION 
TO PRODUCE MAXIMAL DIURESIS^ 


Henry F. Helmholz, il.D., and Ji>;.se L. Boei.man, :M.D., 

RoCinaTEK, illNX. 


IN A PREVIOUS c'onimunication we repoi-(cd on flie determination of tiie 
relative merits of a series of solutions to produec diuresis without danger to 
the animal or injury to its kidney. The most eonsislent prodneer of diuresis 
which approximated the intravenous intake was y j)er cent snerose in half 
strength Ringer's solution. M'hen this was given for perioil.s of si.x Jioiirs to 
each of eigJit rabbits at a rate of 100 e.e. |)er Icilogi'am per hour, the animals all 
survived, and the average output was SS per rent of tlie amount given in the 
six-liour period. At the time we reported that two of the animals had received 
multiple six-hour injeetions without serious diflieuily anti with a slightl.v greater 
diuresis in the later in.jcetions. Recently, Andei-son and Bethea called attention 
to the marked changes in the convoluted tubules of the kidneys of ])er.son.s who 
shortly before death had received sucrose solutions intravenously. It is un- 
doubtedly true tliat these clmnges did not benetit tlie individual, but it is also 
true that they probably did him very little harm. After our work on both rabbits 
and dogs it seems reasonable to assume that the cell of the convoluted tubule 
can appear very much injured histologically and yet function normally, and can 
in a short time again return to normal appearance. 

Our object in this study was to determine the innocuousness of repeated 
six-hour intravenous injeetions of sucrose-Ringer’s solution ivhen given at 
intervals of about a week. For this purpose m-o used tliree rabbits of about 
2.5 kg., each animal receiving 100 c.c. per kilogram per hour for six honi-s. One 
animal received six, the second ten, the third fourteen, injections. 

The first animal was killed three days after the sixth injeetion ; the second 
animal died during the fourth hour of the eleventh injection, death being caused 
by the accidental injection of air; and the third died a traumatic death six days 
after its left kidney had been removed. In view of the changes occurring in the 
urine twenty-four to forty-eight hours after the first injection, two other animals 
received injections, one a single, and the other two. 

In order to determine its value in other species of animals, the same solution 
was used in dogs in quantities of 50 e.e. per kilogram per hour for six hours. 

•From the Section on Pediatrics, the Mayo Clinic and the Division of Experimental 
Foundtition, Rociicstcrf ATinri. 
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Rabbit 111 
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Injections 

. f t f urine after intravenous injection of sucrose-Ringer s solution as perce g 
-Output of unne ati amount injected. 

Tinhhit 1 weighing 2.3 kg., received six injections of 1,380 c.c. each of 
sucrose-Ringer ’s solution. The output varied from 1,150 to 1,440 c.c., or 83 to 
104 Tier cent of the amount injected (Fig. 1) ; the average output was 90 per 
cent The blood urea was 34 rag. per 100 c.c. before starting the injections, and 
at no time did it rise above 39 mg. The phenoLsulfonphthalem ontpnt was 6T 
Tier cent before the .start of injection and varied between 90 and 42 per cent. 
There was albumin, grade 3, in the urine in the second twelve-hour specimen 
after the first injection, and a trace on two occasions after that. Otherwise the 
urine was free of afiiumin. There were some erythrocytes and leucocytes in the 
specimen of urine taken forty-eight hours after the first injection; othenvise 
there were no formed elements. The animal was killed three days after the sixth 
injection. The findings at necropsy were essentially negative. Grossly, the 
kidneys were slightly enlarged and lighter in color than normal. Histologically, 
the convoluted tubules showed marked vacuolar degeneration and sTvelling of 
the cells, up to obliteration of the lamina of some of the tubules. The glomeruli 
looked compressed. 
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Rabbit 2, weiy:bin!-t ‘--o lo 2.S k<j., was jjiven ten in.jei!tion.s of 1,620 e.t*. eaeli 
of sucrose-Ringer’s .solution. Tlie outj)ut ranged from 1,235 to 1,810 e.e., or 76 lo 
112 per cent. Two of tlie last four injections pi’fjdueed diuresis of fiiorc tlian 
100 per cent. The average onti)ut was 95,9 per cent of the amount injected. Tiie 
blood urea ranged from IS mg. ])er 100 e.e. lo a high of 39 mg. after tlie fourtli 
injection, with a return to 30 mg. at tlie time of deatli during the eleventh 
injection. The pheuolsulfoniihtlialein output ranged from 60 to 97 iier cent. 
There was albumin, grade 2, in the urine after the first injection only, with many 
casts after the first and .seventli injections, and leucocytes after tile first, .second, 
seventh, and eighth injections. Fig. 1 (in the .solid line) gives the iiereentage out- 
put of the various injections, showing the relafivel.v better outjuit in the later in- 
jeetioms. The animal died and the kidneys were removed immediately and fi.ved 
in formalin. No cause of death other than air embolism was found, all the 
organs showing practically a normal state. The kidneys were not much enlarged. 



Fig-. 2.— Separation of tubules in the kidney of a rabbit. The kliinev wa-i re.nove.l iluriii- the 
fourth hour of the eleventh Injection of sucro.se-lUnBer-.s sohmon Vxmi). " ' 


They were brownish red and slightly lighter than the normal kidneys. The 
capsule was not adheient. fihe jJcltis looked normal. ()n section the cortex was 
a little lighter in color than the medulla. 

ilicroscopically, the striking feature was the uniformity of tlie cortex. All 
cells of the convoluted tubules were light pink, owing lo'staining of a finely 
granular protoplasm small in amount. The collecting tubules were lined by a 
low epithelium, which stained a uniform red in contrast to the pink convoluted 
tubules, ilost of the convoluted tubules had a good-sized lumen. A few were 
ahnost swelled shut, ido-st of the nuclei were oval; some were pyknotic and 
shrunken. Some glomeruli seemed to have been distended; in others the outer 
wall of the capsule was fairly close to the glomerular tufts. lu many areas tliere 
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wax ii considerable sopnniiion ot' the tubules as ii’ by buid (edema). Fig. 2 
ilUislivites thw condition of t))e kidney parenchyma. 

Rabbit 3, weighing 2.3 to 2.9 kg., received fourteen injections of 1,560 c.c. 
each of sucrose-Ringer’s sohilion. The ovit)mt during the six-hour periods 
ranged from 1,285 c.c. to 1,890 c.c., an output of from 82 to 121 per cent. The 
average output in the six-hour period was 101 per cent; in seven injections the 
output was greater than 100 per cent, and in seven it was less than 100 per cent. 
The blood urea ranged from 11 to 30 mg. per 100 c.e. The maximal reading 
was 30 mg. per 100 e.e. after the third injection ; the reading before the four- 
teenth injection was 18 mg. per 100 c.c. The single reading of the phenoLsulfon- 
phthalein output taken before the first injection was 67 per cent. All readings 
after this ranged between 82 and 96 per cent, except that twenty-four hours after 
the eleveirth injection, which was given two days after the tenth injection, the 
pheuolsulfonphthalein output dropped to 41 per cent. Five days later it was 
again 91 per cent. There was albumin, grade 1, in the urine twenty-four hours 
after the fii-st injection and albumin, grade 4, after the second, but no albumin 
in the urine after any of tlie other injections. Tliere •were easts, grade 2, 
erythrocytes, grade 1, and leucocytes, grade 2, after the second injection, but 
they were ab.sent after the other injections. Three days after the fourteenth in- 
jection the left kidney was removed. Six days later the animal died as a result 
of an injury sustained at the time of biopsy. Fig. 1 shows the percentage out- 
put of rabbit 3. 

Tissue was removed from the rabbit three days after the fourteenth injection 
and again nine days after this injection. The specimens removed three da5’'s 
after the fourteenth injection were two small wedge-shaped pieces taken from 
the left kidney. The epithelium of the convoluted tubules was about normal in 
height and had lost its light, granular appearance. The protoplasm again stained 
a definite red and was collected toward the basement membrane. Strands ex- 
tended out into the lumen, possibly the remains of the vacuolar degeneration. In 
some areas the vacuolar degeneration still remained more marked than in others. 
The glomeruli showed no change, and no mitotic progress was found in the con- 
voluted epithelial cells. 

The specimen removed shortly after death on the ninth day after the four- 
teenth injection showed a normal picture in the right kidney, but considerable 
change in the left, from which two wedges of tissue had been removed. In the 
left the convoluted epithelium still showed some vacuolar degeneration, and most 
of the tubules were filled with a pink, finely granular detritus. The right kidney 
could he very simply described as the picture of the normal rabbit kidney. The 
three photomicrographs show well the rapid return to normal of the epithelium 
after a marked functional change which gives the kidney the peculiar appearance 
seen in Pig. 2. Fig. 3 shows a condition of the convoluted epithelium after a 
period of three days, and Pig. 4, an alnrost complete return to normal after nine 
days. 


In order to check still further the effects of the first and 
which seem m give the most marked reaction in the urine, two 
given injections, one a single, and the other two. 


second injections, 
other rabbits were 
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Eabbit 4, weighing 3.3 kg., put out 94 per rent oi the 1,980 c.e. ot' .suerosc- 
Kiiiger’s solution iujectecl in the first six-hour period and 84 i)er cent in tlie 
second. After the first injection the twcnly-four-liour urine showed albumin, 
grade 4+, no easts, and a considerable number of leucocytes. The following 
twenty-four-hour specimen had a trace of albumin anil no leucocytes. The 
pheuolsulfonphthalein output dropped from 93 to 40 per cent in the twenty- 
four-hour period after the first, and from 87 to no ])er cent in the twenty-four 
hours after the second injection. The left kidney was removed twenty-four 
hours after the second injection. There wa.s marked hydropic degeneration. 
The restitution to normal in the right kidney I’cmoved a week later was not 
nearly as complete as in the experiment in which only one injection was given. 



Fig. 3. — Appearance ot the convoluted tubules In the Uldney of a rabbit throe days after the 
fourteenth injection of sucrose-Uinger’s solution (xHj). 

Rabbit 5, weighing 2.2 kg., e.\crotod 115 per cent of the 1,320 c.e. of sucrose- 
Ringer’s solution intravenously injected in the six-hour period. In the twenty- 
four-hour period following the injection there were albumin, grade 4, erythro- 
cytes, grade 1, and leucocytes, grade 1, but twenty-four hours later there was no 
albumin, erythrocytes, or leucocytes. The phenolsulfonphtlialein output dropped 
from 75 to 49 per cent. The left kidney, removed twenty-four hours after the 
injection, showed marked hydropic degeneration and raggedne.ss of cells. The 
right kidney was removed at necropsy one week later and showed practically a 
normal renal structure. 

In order to determine what diuresis smaller ciuantities of S per cent sucrose 
in half strength Ringer’s solution would produce, Ave gave two animals 50 e.c. 
of the solution per kilogram per hour for six hours, and two animals 25 c.e. per 
kilogram per hour. 

Rabbit 6, Aveighing 2.1 kg., recehmd 630 c.e. (50 e.c. per kilogram hour) and 
excreted 498 c.e. (38.5 c.e. per kilogram hour), or 79 per cent, in the six-hour 
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Fig. 



The two animals that received only 25 e.c. per kilogram per hour for six 
hours excreted, one 31 per cent (8 c.c. per kilogram hour), and the other 50 per 
cent (12.5 c.c. per kilogram hour) of the amount injected, an average of 40 
per cent, indicating the necessity of greater amounts of sucrose to produce 
diuresis. ' The histologic changes twenty-four and forty-eight hours after diuresis 
showed marked hydropic degeneration in the convoluted tubules. This was 
greater in the kidney removed after twenty-four hours than in the kidney re- 
moved after forty-eight hours. 

Inasmuch as the rabbits that received 100 c.c. per kilogram per hour of the 
8 per cent sucrose solution all survived, we thought it would be interesting to 
see the limit of the excretory capabilities of the I’abbits’ kidneys. Therefore, one 
animal was given 125 e.c. per kilogram per hour and another 150 e.c. per kilogram 
per hour. The animal receiving 125 c.c. per kilogram per hour put out 68 per 
cent (85 c.c. per kilogram hour) of the 2,172 c.c. injected, and showed no ill effect 
from the injection. The animal receiving 150 c.c. died forty-eight hours after 
the injection, having put out 88 per cent (132 e.c. per kilogram hour) of the 
2,520 c.c. mjected. Two other animals that received 150 c.c. per kilogram per 
hour for six hours died on the second day. One of the animals, which three 
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weelvs before hud received 125 e.c. per kilogram per hour, put out !)2 per eeiil 
(13S e.c. per kilogram hour) of the 2,970 e.c. injected, and the other put out 88 
per cent (132 e.c. per kilogram hour) of the 2,700 e.c. injected. It would .seem 
that the limit that the rabbit can tolerate is between 125 and 150 e.c. per kilogram 
per hour. The average output for the three animals was 89 per cent of the. 
amount injected (133.5 e.c. per kilogram hour), or 84 per cent of the body weight 
of the animal excreted in six hours, a very creditable performance. 

In continuing our work with other animals, the dog seemed the one most 
easily available, and of .such size that the total amounts injected would api)roxi- 
mate amoimts to be used for human injection. 

Dog 1, weight 15.5 kg., received 50 e.c. per kilogram per hour for six hours 
on succeeding days. On the tirst day it received 4,620 c.c. in six hours and 
excreted 4,430 c.c. in the same time, an output of 96 per cent (47.6 c.c. jier 
kilogram hour). The following day it received the same amount, but put out 
only 625 c.c., or 14 per cent (7 c.c. per kilogram hour), in the si.x-liour period. 
It gained 4 kg. this day, which it lost in the next three days. Its blood urea was 
37 mg. per 100 c.c. before the first injection and 86 mg. before the second injec- 
tion. The blood urea rose gradually to 233 mg. There wm-e constantly many 
leucocytes in the urine and ea.sts and erythrocytes after the first day. The 
phenolsulfonphthalein output fell to 10 per cent on the second day, but rose to 
45 per cent the day before death. The animal died the fourth day after the first 
injection. At necropsy hemorrhage.s were found in the wall of tlie stomach and 
small and large bowel, as well as .severe pyelitis with several huge abscesses in 
the kidneys. The epithelium showed marked vacuolar degeneration, but no 
necrosis of the epithelium. 

Dog 2, weight S.S kg., received an intravenous injection of 2,640 c.c. in six 
hours and excreted 2,370 c.c. (45 c.c. ])er kilogram hour), or 90 jier cent, during 
the first injection, and 1,875 c.c. (35.5 c.c. per kilogram hour), or 71 per cent, 
during the second injection the second day following. The animal appeared sick 
after the second injection and vomited two or three times daily. It died the 
fourth day after the first injection. Its phenolsulfonphthalein output was 80 
per cent before the first injection, 65 per cent after the first, 65 jw'r cent after 
the second injection, and 59 per cent two days after the -second. There were 
albumin, grade 4, and erythrocytes, grade 4, after the first injection, as well as 
after the second injection. This animal also showed hemorrhages into the wall 
of the bowel and wall of the bladder. The kidney sliowed mild pyelitis, some 
sclerosis of the glomeruli, and marked changes in the convoluted tubules. 

Dog 3, weight 12.6 kg., received two injections of 50 e.c. i)er kilogram per 
hour* for six houi's at an inteival of one week. During the first injection it 
received 3,600 c.c. and excreted 3,000 (41.5 c.c. per kilogram hour), or S3 per 
cent, and at the second injection it received 3',7S0 c.c. and excreted 3,040 (40 c.c. 
per kilogram hour), or SO per cent. 

Dog 4, weight 9 kg., received twenty-eight injections of 50 c.c. jjcr kilogram 
per hour foi’ six hours. AVith one exception, when 2,675 c.c. was given, the 
animal received 2,790 c.c. during each six-hour period. The output varied from 
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1, 880 C.I-. (luring the linst, injection to 2,365 e.c. during the nineteenth injection, 
varying in output from 68 to 86 per cent of the amount injected, the average 
being SO jicr cent (40 e.c. per kilogram hour) (Fig. 5). After the twenty-seventh 
injection the left kidney was removed. Five weeks later the output after injec- 
tion of 2,790 e.c. was 2,100 e.e. (35.0 c.e. per kilogram per hour), or 75 per cent 
of the amount injected. 



Injections 

Fiff. 5.— Output ot urine after intravenous Injection of sucrose-Rincer’s solution as nercentaee 

of the amount injected. 


The blood urea was 24 mg. per 100 c.e. before injection ; it rose to 59 mg. 
after the first injection, went down to 33 mg. on the fourth day after the in- 
jection, rose again to 60 mg. after the second injection, and went down to 27 mg. 
on the second day. After this the range tvas between 18 and 38 mg. per 100 e.c., 
being 18 mg. and 20 mg. the day of the la.st two injections. 

The phenolsulfonphthalein output Avas 80 per cent before the first injec- 
tion ; it feu to a trace at the end of hventy-four hours after injection, and Avas 
back to 63 per cent after forty-eight hours. It ranged betAveen 58 and 94 per 
cent, with a reading of 26 per cent after the fifth injection and a trace twenty- 
four hours after the tenth and tAvelfth injections (given forty-eight hours after 
the ninth and elcA-enth injections). 

There Avas albumin, grade 4, in the urine twenty-four hours after the first 
injection. The same was true after forty-eight hours. On the third day there 
Avas only a trace. Again after the tenth and eleventh injections there was 
albumin, grade 3, and after the tAventy-fourth injection, albumin, grade 2 

Brythi^cytes, grade 3, appeared after the first injection, and rrythroeytes 

grade 1, atter the fourth, .si.xth, and seventh iniectinn^ t 

were present after the first and eleventh injections and a feAv*^?^ T 
injection. CWctant ca.hc.crication prol.abnio^ 

Nothing unusual occurred after the ,a- i fi • • • tiiese teiv cells, 

the dog after removal of the left kidncA'. ' ^ injection, Avhich Avas given to 
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111 these dogs as well as in tlie ralibits, tlie first injection seems to give rise 
to the most marked changes in the urinary findings and the phenoLsiilfon- 
phthalein and urea values. It will be noted that the tenth, twelfth, and twenty- 
fourth injections were given forty-eight hours after the nintli, eleventh, and 
twenty-third injections, instead of the u.sual weekly interval, and this may ac- 
count for the changes after these injections. On the other hand, it can be said 
that the twenty-fifth and twenty-seventh injections were given at two-day inter- 
vals without any change in the phenolsulfonphthalein output, rise in blood urea, 
or erythrocytes in the urine. 



It is, of course, ditficult to .say why marked changes are observed after one 
injection and not aftei another ot the .same character. Tlie changes observed 
wei’e definitely temporary , and even I'epctition of the same insult jiroduces 
neither the same acute change nor any permanent damage in the histologic struc- 
ture or the function of the kidney. 

The left Iridney of the dog, removed five days after the t wentj'-seventh in- 
jection, showed no changes from the appearance of a normal dog’s kidney (Fig. 
6). This, together with the fact that the remaining kidney five^weelis atier left 
nephrectomy could excrete 75 per cent of the amount injected, shows e.xccllent 
remaining functional capacity of the animal, whose two kidneys averaged 80 
per cent in twenty-seven injections. ' “ 


COMMENT 

It would seem that in attemptmg to find a solution that, wlien given in 
large amounts intravenouslj% produces an etpially large diuresis, The first 
requisite must be safety. Does the solution suggested have this requisite? From 
the number of injections given, we feel that we can safely say that the epithe- 



HKLMnOI,Z-UOU.MAN : 


SUCKOSK-UIXGEB’S SOLUTION' IX MAXIMAL DIURICSIS 615 


lium, though markedly changed histologically, seems able to function, in the 
changed condition. There Ls the second objection that more frequently the most 
severe reaction comes after the first injection with casts, albumin, and sometimes 
erythrocytes in the urine. This is, however, only a temporary reaction, and 
occurs only very occasionally after the later injections. Our object in this 
experiment is to determine the maximal excreting powmr of the kidney, so as to 
remain well within the limit of safetj' when applying these results to treatment 
in man. 

It seems to us that after the results here obtained, it would be justifiable 
to use this solution clinically in cases in which there was an emergency in 
which it was necessarj’- to produce i-apid washing out of the urinary passages, as 
in acute pyelonephritis, to relieve obstruction with or without infection and high 
blood urea, to prevent ascending infection after operation on the prostate or 
other lower urinary obstruction, and also to produce good diuresis after a plastic 
operation on a hydronephrotic kidney. 


SUMMARY 


The rabbit can excrete from 90 to 100 per cent of fluid, representing from 
54 to 60 per cent of its body weight, when given in the form of 8 per cent sucrose 
in half strength Ringer’s solution at a rate of 100 e.c. per kilogram per hour for 
a six-hour period. Such injections may be repeated as often as every other day, 
with equally effective diuretic effect and no detectable impairment of renal func- 
tion. A rabbit can excrete 89 per cent (133 c.c. per kilogram hour) of the in- 
jected fluid when given at a rate of 150 c.c. per kilogram per hour, a total of 
84 per cent of its body weight in six hours, but most of these animals die within 
forty-eight hours after injection. 

The dog can excrete 80 per cent of the fluid given intravenously in the form 
of 8 per cent sucrose in half strength Ringer’s solution when given at a rate of 
50 c.c. per kilogram per hour for a six-hour period weekly. 

The kidneys in neither animal show any permanent damage after multiple 
injections, and regain their normal histologic strnctnre in a period of ten days 

The first injection is the one after which the functional capacity of the 
kidney seems most likely to be lowered, but this lowering is only temporary. 


REFEKEXCE 

Anderson W. A. D. and Bethea W. K., Jr.: Renal Lesions Following Administration of 
Hj-pertomc Solutions of Sucrose. Report of 6 Cases, J. A. M. A llJ: 1^3 3940 



^ VARIATIONS OP SERUAI :^L\GNESIU.M IN 52 NOKiMAL AND 440 

PATnOLO( i 10 PATIENTS* 


ViCTOK G. H.VUUV, il.D., AND A. CA.NTAltOW, .M.D. 
PlIILAUKI.DIlIA, Pa. 


C ONSIDERABLE delta live lieiujr publi-sJied relative to the variatioii.s of 
senini maj^nesium in hoaltli and dlsoasi*. Upon examination of this infor- 
mation, it is apparent that too little is known at the present time to report with 
finality that certain abnormalities seen in man are due to a derangement of 
magnesium metabolism. A definite tendency toward a hyiiomagneseinia or hyper- 
magne.semia seems to exist in certain elinieal entitie.s, and only after the aeeumu- 
lation of considerable data will it be po.ssible to ascertain whether or not a di.s- 
turbauce in magnesium metabolism may jilay a role in the etiology of disea.se. 
Hence this investigation was uiulertaken. 


KXinaUMKNTAI, 


Serum magnesium determinations were made on 52 noi'inal and 440 patlio- 
logic persons. The normal subjects were medical students and laboratory tech- 
nicians. The pathologic cases were ail ho.spitalized iiatients at the time that the 
blood samples were taken and analyzed. Since inge.stion of food has no par- 
ticular influence on the blood magnesium, no attemiu was made to obtain the 
samples of blood at any particular time in reference to meals. The majority 
of the determinations were made by the modification of the titan yellow 
method,* yet a few were made by the method described by Briggs." 

As can be seen from Table I. the serum magnesium values in the majority 
of the normal persons (79 per cent) range between 2 and 3 mg. per 100 e.e. 
The average serum magnesium for the entire group is 2.48 mg. per 100 c.c. 
This corresponds very closely to the average mean of 2.35 mg. per 100 c.c. of 
serum, as reported by 17 different inve.stigators (see 'I’able If). In our group 
only one normal person was found to have a magnesium value slightly below 
1.7 mg. AVe consider, therefore, 1.7 and 3.1 mg. of magnesium jier 100 e.e. of 
serum as the lower and upper limits of normal, respectively. 

^Nothing unu.sual is noted in the values obtained from those patients suf- 
fering from endocrine disturbance.s. Our results on diabetic patients support 
the variability of blood magnesium as already noted by other investigators. 
In 12.5 per cent of the patients sulTei-hrg from diabetes mellitus Ave found a 
loAV serum magnesium. This was previously reported by Blumgarten and 
Rohdenburg.*® In 15 (26 per cent) of our eases a hypermagnesemia occurred. 
This confirms the findings of AVatehorn and AIcCance.“ ^ 


•Prom the Department of Pharniacolosy, Jofforson 
of Biochemistry, Jefferson Hospital. Phlladeiphiu. 


Meilical Collese. mul the I,abor.itory 
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The i’e\Y i)iitieiit.s sufferin'' I’l'oni toxk thyroid gland and polyglandular 
disturbances, wliieh we huYc examined, show that a low blood magnesium 
may prevail. Blumgarten and Hohdculierg'*' report that 15 of their 45 patients 
sviff'eviug trom goiter bad a h)W blood magnesium. Kecently, feoffier and co- 
workers^® made the interestimg ol)sevvatiou that the ultrafilti-able magnesium 
in 31 patients with hyperthyroidism was low (average 64 per cent) when com- 
pared to that found in 14 normal persons (average S5.5 per cent). 

IMore definite findings have been obtained in patients suffering from renal 
and eirculatoiw diseases. The ma.1orily of the patients with chronic nephritis, 
as seen in Table I, reveal an elevated serum magnesium (average 3.56 mg. per 
100 c.e.). Idost of these patients also had an impairment of kidney function. 
It is interesting to note that tliosc patients having hypertension associated with 
definite renal impairment also bad an elevated .serum magnesium (average 3.90 
mg. per 100 e.c.). Hypertensive and arterio.sclerotic patients, without apparent 
renal damage, bad a definite tbough less marked elevation of blood magnesium. 
This would seem to bear out the inference of Becher and Hamann^^ that the 
concentration of this ion is increased in hypertension as a result of the associated 
kidney damage. Numerous I'eports have appeared in the literature Avhich would 
indicate that a retention of magnesium is rather common in eases of renal 
insufficiency.®’ “■ 

Those patients suffering from vasospastic diseases present a different type 
of picture. Move than 17 per cent of the group have a hypomagnesemia. The 
group as a whole is somewhat below normal in so far as the mean blood mag- 
nesium is concerned (2.12 mg, per 100 c.e. of serum). Prom these figures it 
would appear that some relationship may exist between hypomagnesemia and 
spasticity of the smooth muscles in the blood vessels. 


From Table I it may be noted that 23 per cent of the 26 patients suf- 
fering from malignant neopla.sms have a low serum magnesium. Other in- 
vestigators^®’ have reported similar findings. This ion has on occasion 
been implicated as one of the etiologic factors in the cause of cancer.^® 

In the patients suffering from hepatic disorders, especially those asso- 
ciated with jaundice, a significant increase in the serum magnesium is noted. 
Becher and Haniann,^' Blumgarten and Rohdenburg,^ and Jung®® have re- 
ported similar findings. In this connection it is interesting to note that Roth- 
man, Meranze, and Meranze®® found the blood phosphatase to be high in cases 
of obstructive jaundice. Erdtmauu®* had previously recorded that phos- 
phatase activity is greatly increased by the addition of magnesium. 

Par too few cases of infectious diseases have been studied to draw any 
conclusions from the results. In our patients 3 of tlie 5 cases of chronic 
arthritis studied had a low serum magnesium. 


The blood of 8 women suffering from toxemia of pregnancy ^vas studied 
It seems significant that 3 of these should have a low serum ma-nesium’ 
One of these patients who had a magnesium concentration below l^m-^- ner 
100 c.c. of serum also bad severe coinnilsion.s. Pz-obably the .succe.ssful use of 
edum i.l the trc.ntmct of eclon.psia--. clepemk, at least in some 

cases, upon the elevation of the blood raagnesiim, to the ptoper physiolooie level 
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T.MJI.K 

Dktaileii An.m.v.sis ok the .Seihlm M.MLN'ESIU.M 


Tlic bold face vorticiil liiK‘.s repruseiit tho 


CLINICAL DIAGNOSIS 

NO. 

OF 1*A- 

TIKNTS 

OK 1I.\0.VES1UM 

HK- 

LOW 

1.0 

I.O 

TO 

1.2 

1.2 

TO 

1.1 

1.4 

TO 

I.O 

1.0 

TO 

1.7 

1.7 

TO 

1.9 

1.9 

TO 

2.1 

2.1 

TO 

2.3 


Normal individuals 

1^91 

Hi 

- 

- 

- 

1 

3 

3 

8 

HI 

1. Endocrine disorders: 


■ 








■1 

Diabetes inellitus 



— 

3 

1 

1 

1 

O 

.3 


Toxic adenoma of thyroid 

10 

1 

- 


1 

1 

1 

- 

^HH 

1 

Polyglandular disturbances 


^■1 

- 

■■ 

1 

1 

1 

- 



2. Circulatory disorders: 

HI 








H| 

■9 

Arteriosclerosis 



- 


_» 

- 





Hypertension without rcn:il 

05 

1 

- 



1 



3 

5 

functional impairment 







■■ 




Hypertension with renal 





- 

- 



- 

- 

functional impairment 

Hi 










Vasospastic diseases 



; 

1 



11 

9 

10 

3 

3. Renal disorders: 

t 

1 










Chronic nephritis 

2(i 


- 


_ 

1 




— 

Acute nephritis 

:t 


! - 

- 

- 


1 

_ 

1 


Renal calculi 

3 


— 


- ; 

— 



_ 

— 

Urinary infections 

5 


- 

— 

- 





— 

Miscellaneous 

5 


- 

- 

“ 1 

I 

- 


1 

- 

4. Pulmonary disorders: 











Chronic pulmonary iitfec- 


1 

- 

.. 


1 

1 

1 


1 

tions (including tuber- 











oulosis and pleural infec- 











tions) 











Pneumonia (lobar) 

0 

- 

- 

- 

- 

— 

- 

1 

1 

- 

0 . Neoplastic disorders: 




1 







■ Malignant neoplasms 

20 

- 

_ 

3 

1 

• > 

t) 

O 

O 

— 

Benign neoplasms 

5 

- 

1 

- ; 

_ 

““ 

_ 

1 

1 

1 

Prostatic hyperplasia 

15 

- 

- 



_ 

o 


2 

• » 

6. Hepatic disorders: 








■■ 



Clironic calculus chole- 

10 

1 

_ 1 

_ , 

*> 

I 




o 

cystitis 











Chronic noncalculus chole- 

i:: 

— : 

— 




.> 


1 

1 

cystitis 











Acute catarrlial jaundice 

0 


— 








Cirrhosis of liver 

9 

- 

- 

1 


_ 

1 

2 

__ 

1 

7. Infectious diseases: 











Acute rheumatic fever 

3 

__ 









Chronic arthritis 

5 

1 


_ 

o 





1 

Mastoiditis and otitis 

o 

— 

_ 1 

— 







media 











Diseases of the eye 

4 

- 

_ 







_ 

Superficial abscesses 

3 

- 

1 

- 


— 





8. Obstetric: 











Normal pregnancies 

4 

- 




1 


o 


1 

Toxemia of pregnancy 

8 

1 

»> 

— 







Gynecologic diseases 

7 


- 

- 


_ 

o 

o 



9. Diseases of the central 

7 

- 

— 

_ 



1 

1 


1 

nervous system 











10. Orthopedic surgical prob- 

6 

2* 


— 


1 

1 



_ 

lems 











11. Epilepsy 

D 

- 

1 

- 

1 


_ 

1 

1 

1 

12. Peptic ulcers 

8 


- 

- 

- 


- 

- 

1 

1 


•Both were cases of uuunited fractures. 


tintra-articular adhesions of right shoulder with beginning ossiflcation of the Joint. 
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r 

Values in JfoBMAL and Pathologic Patients 
lower and upper limits of tlie normal range. 


PER 100 C.C. OP SERUit 

2.5 I 2.7 I 2.9 I .’{.I I .1.3 1 3..5 I 3.7 I 3.9 I 4.1 I 4.5 I .5.0 I 0.0 1 7.0 
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TIIK .JOUKS.U, Of I-AIIOKATOKY AND ChlSlC.U, MKOWISI'. 


AVe studied 3 eases with orthopedic surjrieal conditions. In 2 ol' these u 
marked hjijomai'neseniia and in one a marked Iiypermaf,Mie.semia occurred. 
The 2 patients with hypomagnesemia were eases of unnnited fractures of the 
patella and tilna, and tlieir sernm ma^ncsinm values were 0.9(i and O.SO nif'. 
per 100 e.c. of sernm. respectively. Further study I’cvealed that the latter 
patient required an amputation of the limb one year after the above blood 
study was made. 'I'he patient with a hyijerma'rnesemia of -t.-l ni". per 100 e.c. 
of serum suffered from intra-articular adhesions of the i-i',dit .shoulder with 
beginning ossification of the joint. 


T.Utl.K II 

CoscE.VTit.vnos or Skiicm M.ui.vEsn'M i.v Xokm.u, Pkusoss 


ArTIIOUS 

i'RKrii*rrATix(; 

A(;K.\'r 

MKTlIOll 

uan'(;h of 

VALI'K 

.\tILV.V 

Briggs:: 

I’hosphale 

Colorimetrie 

2.’J3-2.50 


Kramer and Tisdall'' 

I'lio.sjdiate 

Culoriinetrie 

1.80-2.30 

2.10 

Bogert and Plass^ 

Phosplmle 

Colorimetrie 

1.90-2.70 

2.30 

Watchorn and McCanee’’ 

I’ho.iphale 

Colorimetrie 

2.30-2.01! 

2.-1S 

Bccliero 

Phosphate 

Colorimetrie 

1.80-2.30 


Wackor and Fahrig: 

Phosphate 

Cohirimetrie 

2.00-2.97 

2.40 

Copes 

Phosphate 

Colorimetrie 

1.S2-2.03 

2.00 

Walker and AValkero 

Phosphate 

Coloritnetrie 

1.00-3.00 

2.20 

BrookfiehPo 

Plio.sphate 

Colorimetrie 

1.S9-2.19 

2.04 

Bomskovii 

llyilroxviininoline 

Bromination 

1.70-2.00 


Greenberg and eo-worker.s'- 

Ilydroxvijuinoline 

Broniitiation 

2.1)0-3.00 

2.74 

Vclluz and VeIluK>3 

1 1 yd ro.x vqu i no 1 1 ne 

Brotninalion 

1.00-2.-10 


Raicesi-i 

Ilydroxyquinoline 

Bromination 

1.09-3.00 

2.44 

Holfmanis 

Ilydroxyiiuinoline 

Coloritnetrie 

1.90-2.r>0 

2.18 

llirsehfehler and Ilaury'o 

Titiin yellow 

Colorimetrie 

1.80-2.-10 

‘2.11 

Ilauryir 

Titan yellow 

Colorimetrie 

1.70-3.10 

2.33 

Wolfis" 

Titan yellow 

Colorimetrie 

2.90-1.00 

3.lil 


•For whole blood. 


The 3 eases suggest to us tiie po.ssibility that a deficiency of magnesium 
may be partly re.sponsible for the delayed formation of callus. Conversely, a 
hypermagnesemia may play some etiologie role in the production of intra- 
articular adhesion and ossification. 

In epilep.sy a deficiency of magnesium was found in 2 of the 5 patients 
examined. This is in close agreement with the findings of Denis and Talbot, “ 
Blumgarteu and Iiohdenburg,'“ Wolf," and Hirschfelder and Ifaury.'’'’ This 
is not surprising since the establishment of the close relationship between mag- 
nesium deficiency and convulsions.'’®’^' However, Greenberg and Aird^^ found 
the blood serum magnesium essentially normal in 22 patients with essential 
epilepsy. 

SUMJIARY 

The results of serum magnesium determinations made in our laboratory on 
52 normal and 440 pathologic patients are reported and the results are briefl}’ 
discussed. 
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THE ABSORPTION OP STILBESTROL AND THEELIN PROIM CYSTS 
OP SESAME AND PEANUT OILS*^ 


Preuerick B. Emery, Ph.D., Charles S. BIatthews, B.S., and 
Edw.ard L. Schwabe, M.S., Buffalo, N. Y. 


A LARGE number of animals ti'eated in various ways with stilbestrol were 
autopsied during the last two years. Cysts were always found in the I’ats 
given oil by intramuscular injections and usually found after subcutaneous in- 
jections. The estrogenic content of the oil from many of these cysts was studied. 

methods 

The procedure followed was an outgrowth from experiments designed to 
test the minimal dose of stilbestrol. Pailure to obtain consistent results with 
stilbestrol in oil led to a more careful study of the absorption of the oil. Data 
were taken from a total of 260 albino rats. Forty female rats used for minimal 
dose testing formed the beginning of these experiments. This group was given 
0.3 e.c. of sesame oil in three doses of 0.1 e.e. each, 20 being injected intra- 
muscularly and 20 in the subcutaneous tissue of the flank. A second group of 
30 castrated mature female rats were injected subcutaneously in the back and 
90 male rats intramuscularly in the hind legs with 1.0 mg. of stilbestrol in 1.0 e.c. 
of sesame oil. For the purpose of comparing theelin with stilbestrol, an addi- 
tional 60 female rats were injected intramuscularly with 1.0 e.c. of either peanut 
oil or sesame oil containing 1.0 mg. of stilbestrol or theelin, and estrous cj'cles 
were followed for a period of thirty daj^s (Pig. 4). Forty males injected 
intramuscularly with theelin wei’e also added for cyst studies (Pig. 3). The 
needle was inserted to a depth of about 2 cm., and without further manipulation 
the 1.0 c.c. of the oil was deposited in one globule. The skin was pinched to 

♦From the Departments of Physiologj' and Materia iMedica, University of Buffalo, Buffalo. 
Aided by a grant from Burroughs ‘Wellcome and Company. 
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prevent leakage of the oil. Some of these rats were autopsicd each day for a 
period of forty days, and thereafter at various times np to a period of nine 
months after the injections were made. The oil from the cysts of each leg was 
collected separately, shaken in 5.0 c.c. of a salt solution (0.9 per cent), and the 
resulting oil emulsion given intraperitoncally to a castrated female rat. The 
cstrous cycles were taken twice daily by tlie pipette method* as long as the rats 
remained in estrus. 

RESULTS 

The 40 rats tliat were given doses of 0.1 c.c. of sesame oil all showed mul- 
tiple cyst formation in the muscles and the subcutaneous tissue of the flank. 
These cysts were usually small, 1 to 3 mm. in diameter, and full of clear oil. 



Fig. 1. — A castrated female rat used for minimal dose testing ot stiibcstrol and given 
several subcutaneous infections of sesame oil In amounts of 0.1 c.c. each. The cysts of nil are 
typical ot rats Injected ivith sesame oil. 

The cyst wall was firm and could easily be dissected free (Pigs. 1 and 2), The 
{(uantity of stilbestrol injected was so small that tc.sts for its estrogenic content 
from the encysted oil were not made. Only occasionally were large cysts present 
in these rats. Likewise the 30 rats injected with 1.0 e.e. of oil subcutaneously 
in the back usually showed similar cysts, but these were less abundant in- 
dicating that only part of the oil as it gravitated downward from the back had 
remained in one area long enough to become encysted. At autop.sy the 90 male 
rats whicli were injected intramuscularly with 1.0 e.e. of se.same oil .showed 
larger cy-sts than the previously mentioned groups, and from the.se sufficient oil 
for te.sting eould be obtained. The amount of oil collected from the cysts in the 
leg varied from 0.2 to 1.0 e.e. and diminished .soniewluit a.s po.stinjection time 
increased (Fig. 3). The ey.st wall wa-s found as early as the tliir'd day after 
the injections were made, and after five or si.x days it was alway.s present Fn 
to at Iea.st a month after the cysts were formed, the oil was not alwav.s ] ^ 
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being frequently creamy to cheesy in consistency, and white in color. Although 
observations on cysts of longer duration are less in numbei', they indicate that 
the oil may be entirel)- clear, or clear with Avhite, cheesy masses floating in it 
for at least nine months after treatment. 



Fig. 2. — Cysts containing sesame oil dissected after being in the subcutaneous tissue and muscles 
of rats for varying periods up to nine months. 

Fig. 3 depicts the activity of the stilbestrol remaining in the cystic oil after 
one to thirty-sis days in the muscles. This curve, as first constructed from 60 
tests, Avas veiy irregular. Since this might be expected from scattered data, 
an additional 30 tests Avere made at the irregular points. Therefore, it is fairly 
regular and shoAvs that the percentage of rats giving positive vaginal smears 
diminish from 82 per cent on the first to third day to zero percentage at tAventy- 
three days. One animal did not react Avhen given 0.4 c.e. of cyst oil on the third 
day. This is difficult to evaluate, but since the slope of the curve is doAvnAvard 
at four to six daj's and continues doAA'UAvard thereafter, these negative eases 
are not incidental to the technique of testing but rather indicate that stilbestrol 
Avas not present in sufficient amounts to give a positive vaginal reaction. Only 
one positive test Avas obtained after the tAventy-first day, and this Avas from 
oil after tAventy-nine days in the muscle (Fig. 3). 

In a similar manner, 40 males Avere injected Avith peanut oil containing 
theelin to determine the theelin remaining in the cysts. Peanut oil, like sesame 
oil, became readily encysted. Theelin disappeared from these oil cysts sooner 
than the stilbestrol, the curve dropping sharply from the second to the eighth 
day. After the eleventh day further posith'e reactions Avere not found (Fig. 3). 
The difference betAveen the amounts of stilbestrol and theelin remaining in the 
cystic oil may be exiilained by solubility. The tlieelin being more soluble in 
Avater Avas more readily removed by the tissue fluids surrounding the cysts, 
Avhereas the stilbestrol, although A’ery soluble in oil, Avas insoluble in Aval or. 
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The duration of estrus after a single injection of 1.0 c.e. of peanut oil con- 
taining 1.0 nig. of stilbestrol or theelin was determined in adult female rats. 
Fig. 4 shows the percentage of rats in estrus plotted against time in days. It 
is clearly seen that the curve for the stilbestrol-treated rats dropped slowly 
from the eighth to the twenty-first day, whereas the comparable curve for 
theelin absorption was considerablj’’ below this, having started downward 
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Fig. 3. — The per cent of castrated rats showing estrus after a single injection of oil from 
cysts containing stilbestrol (upper curve. 90 rats) and theelin (lower curve, 40 rats). Abscissa 
(lower), time in days that the oil was in the muscles of the donor rats. Abscissa (upper, below 
line), mean amounts of oil in cubic centimeters recovered each three-day period from the 
original 1.0 c.c. of sesame oil injected in the muscles of the donor rats. These figures also 
represent the amount of oil reinjected into the 90 test rats forming the upper curve. Abscissa 
(upper, above line), the 90 rats used for the stilbestrol curve subdivided to show the number 
of tests made at three-day intervals. The 90 male rats received 1 c.c. of sesame oil containing 
1.0 mg. of stilbestrol. The 40 males received 1 c.c. of peanut oil containing 1.0 mg. of theelin. 
Both male groups were treated once only; the 1 c.c. of oil being injected in one globule in the 
muscles. 


sharply on the fifth day and reached zero by the fonrteenth day, thus indicating 
the more rapid absorption of theelin. These curves also confonn in time, and 
to a large e.xtent attest the validity of tlic estrous curves obtained with the oil 
from the cysts (compare Pig. 3 with Fig. 4). For the purpose of comparison 
the absorption of stilbestrol from both peanut oil and sesame oil is shown in 
Pig. 4. The two curves are identical until the ninth day and are onlv sli^htlv 
separated thereafter, as indicated by the dotted line in Fig. 4. 
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DISCUSSION 

The multiple cysts found in the suhentaneous tissue and muscles of rats 
given minimal doses of stilbestrol in a total of only 0.3 e.c. of sesame oil (Fig. 1) 
show that oil itself is poorly absorbed and leads to lack of confidence that stil- 
bestrol could be uniformly absoi'bed through the fairl}' thick walls of the cj'sts. 
These oil pockets were found to be encysted by the fiftli day, and the cyst wall 
appeared to become thicker and more durable for some time thereafter. Further 
evidence that sesame or peanut oil is an inadequate vehicle for stilbestrol was 
also obtained with larger doses of stilbestrol because they show that in some cases 



DAYS AFTER OIL INJECTED 

Fig. 4 . — LK)wer curve. A, the per cent of rats in estrus each day after 1.0 mg. of theelin 
in peanut oil was given intramuscularly. Upper curve, B, after 1.0 mg. of stilbestrol in 1.0 c.c. 
of peanut oil was injected intramuscularly. Dotted line, C, same in sesame oil. Twenty castrated 
rats were used in each of the three groups. 

all the stilbestrol (1.0 mg.) may be absorbed in three days, while in other rats 
given identical treatment, the stilbestrol was still present after being in the 
muscles for twenty days (Fig. 3). Such a range of time for complete absorp- 
tion prohablj' would be less for smaller doses; but the uncertainty as to when all 
the stilbestrol would be absorbed makes minimal dose testing with oil solutions 
confusing. 

After more than 150 tests were carefully studied, hope of determining the 
minimal dose of ciystaUine stilbestrol in oil was abandoned. iMuch confusion 
still exists in the literature concerning oil and aqueous solutions of estrogens. 
Jiorenchevsky, Dennison, and Schalit- found that oil remained several days after 
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intramuscular injections and discussed the uncertainty of oil absorption. Even 
more impreasing data were obtained by Deauesly and Parkes,^ who found estrin 
in castor oil after fifteen days in the subcutaneous ti.ssues of mice, and suggested 
that oil is a highly unsuitable medium for ipiantitative assay. On the other 
liand, Biilbring and Buvn,^ using the weight of the uterus as an index of estrone 
activity, felt that their error in testing was small. The sensitivity of the uterus 
to small amounts of estrone in the hIood“'*^ and the duration of the uterine 
growth test, which is usually beyond the time required for vaginal smear read- 
ings, give evidence that this test may be ciuite reliable for oil solutions. Also, 
estrogens in oil solutions deteriorate less readily than in aqueous .solutions.' 
These observations extended by these data led to the conclusion that oil was a 
vehicle from which absorption not only was slow and variable but also had the 
disadvantage of almost always becoming encapsulated and remaining in a ej^stic 
state for many month.s (up to nine months. Fig. 2; for as long as fifteen months 
not illustrated). 

Oils differ in their ability to form cysts. Castor oil produced more cysts 
than sesame oil, and the latter produced more than olive oil.® The present ex- 
periments indicate a similarity between sesame oil and peanut oil, judging by 
their ability to form cysts and by the duration of estrus induced by the stil- 
bestrol remaining in these oil eysts (Fig, 4). Yet the wall of the sesame oil 
cysts appeared thicker than the wall of the cj’sts usually obtained with peanut 
oil. 

smnuRY 


The formation of eysts following injections of sesame oil and peanut oil 
was observed in all rats (210 ) injected intramuscularly and Avas usually present 
in rats (50) injected subcutaneously. Oil obtained from tlie cysts was tested on 
ca.strated rats for stilbestrol and tlieelin. The curves for these tests shoived that 
in some cases all the estrogenic activity was gone by the third day, but in a 
few rats some stilbestrol remained in the cysts even after tsventy days. This 
is in mai’ked contrast to theelin, in which ease the time of retention was reduced 
to approximately nine days. Tlicse cysts, containing oil, remained in the tissues 
for many months. 

Castrated rats were given 1.0 mg. of stilbestrol or theelin in 1.0 c.c. of 
peanut oil, and the estrous cycles were taken daily. These also confirmed the 
-slow ab.sorption of stilbestrol compared Avith theelin after a single oil injection 
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HISTAailNASE 


Further Laboratory Studies 


Maurice Vaisberg, M.D., Baldwin, N. Y. 


TT ISTAjMINASB is the term applied to the histamine-inactivating propei’ty 
of aqueous extracts of certain animal body tissues. Tlie properties and 
actions of histaminase closely resemble those of the enz 3 mies, thus tentatively 
placing this ‘ ‘ substance ’ ’ in the eategoiy of enzymes or ferments. The property 
was first described bj^ Eustis,^ who reported inactivation of histamine with the 
pulp from the liver of a turkej'^ buzzard, ilost of the original research upon the 
characteristics of histaminase is described in the excellent papers of Best,“ Best 
and McHenrj’',^ and McHeniy and Gavin.'*'^ Their exhaustive research has been 
the basic and guiding principle in this work and in previous work I have done. 
Ill the previous publication® there was described the metliod of preparation, 
crude standardization, titration, and some clinical application of histaminase. 

JIETHOD OF preparation AND TITRATION 

As previously described,® hog kidney, after mincing, was defatted with 
acetone, dried with ether, and finelj^ ground. The powder was extracted with 
phosphate buffer at pH 7.2 under toluene overnight in the incubator at 37° C. 
All the titrations and tests were performed with mj^ method on mj' own left fore- 
arm, as previouslj" described (except the experiments with trj^psin). However, 
bj^ further refinement, it was possible to arrive at an almost exact determination 
of the potency. The method follows: The sensitivity of the skin to histamine 
was first determined. One-tenth cubic centimeter of increasing dilutions of 
histamine phosphate was injected intracutaneousH, and the size of the result- 
ing wheals was measured and recorded. 



concentration 

WHEALS IN ilM. 


1:10,000 

IS 


1:100,000 

17 


1:1,000,000 

15 


1:10,000,000 

13 


1:100,000,000 

9 


Hence one could consistently determine one part in five million, or 0.05 gamma 
of histamine phosphate injected. Thus the skin is less sensitive than the hen’s 
ileum,® which can detect 0.01 gamma per cubic centimeter. In actual titration 
small Florence flasks were used. Into each flask measured amounts of his- 
taminase solution in decreasing quantities were placed, e.g., 1 c.c. solution, 0.5 
c.e. solution, 0.25 c.c. solution, etc. To each flask was then added 0.25 mg., or 
0.25 c.e., of 1.1,000 histamine phosphate. The volume in each flask was made 
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up to 10 c.c. with phospliate buffer at pH 7.2. Since all the histamine was taken 
from one ampoule, only one intracutaneous test (from the mixture in any one 
flask) was necessary to determine the activitj' of the histamine. One-tenth cubic 
centimeter of the mixture from any one flask w'as injected intracutaneously, 
and the size of the wheal was measured and recorded. The concentration of the 
histamine was 1 ;40,000, and the size of the wheal was usually from 16 to 18 mm. 
The flasks were then incubated at 37° C. luider toluene for twenty-four hours. 
Starting with the mixture containing the largest amount of liistaminase solu- 
tion, 0.1 c.c. was injected intracutaneously from each flask until one of the sites 
produced a wheal of over 10 mm. The potency was fixed at the point between 
the injection which failed to produce a wheal and the one which just produced 
a wheal. By dehnition, a unit of liistaminase is the quantity of enzyme that 
inactivates 1 mg. of histamine during twenty-four hours’ incubation at 37° C. 
in a phosphate buffer solution of pH 7. Hence the e.xpression of imitage may 
vary, depending on whether histamine base, histamine hydrochloride, or hista- 
mine phosphate is used as a standard. One milligram of histamine base actually 
contains 1 mg. of histamine, whereas 1 mg. of histamine hydrochloride involves 

0.6 mg. of histamine and 1 mg. of histamine phosphate produces only 0.3 mg. 
of histamine. Therefore, the actual histamine ratio, according to molecular 
weights, is 3:2:1, respectively. In this work, .since histamine phosphate was 
used, it is necessary to divide the units expressed by 2 in order to obtain unitage 
against histamine hydrochloride and by 3 in order to obtain unitage as repre- 
sented by histamine base. In the future it might be e.xpedient to express aU 
units in relation to histamine base. 

According to ilcHenry and Gavin,^ extraction is best done by extracting 
one part of kidney powder with 18 parts of phosphate buffer. The solution is 
filtered and the powder is again extracted with a similar amount of phosphate 
buffer. In their procedure the filtrates Avere combined. This procedure Avas 
folloAved, but each of the filtrates Aims te.sted separately. The results obtained 
are indicated in Table I. 

Table I 


(Nitrogen is expressed as milligrams per cubic centimeter) 


EXTRACTION 

COLOR 

POTENCY 

PROTEIN 

NITROGEN 

N.P.N. 

TOTAL 

N 

First 1 

Second 

Amber 

Light yellow 

Over 10 units per 
cubic centimeter 
None 

0.90 

0.21 

0.29 

0.86 

1.19 

1.10 


The folloAving conclusions Avere draAvn : 

1. The potency is in a general way directly proportional to the depth of 
color of the original solution. 

2. The second extraction had very little or no potency. It Avas therefore 

discarded as a step in the procedure. ’ ’ 

3. The potency is related to the protein nitrogen fraction. Tlie ori-iml 

extraction Avas finally modified so that each gram of nowder , 

.0 cc. „r .Ms ..."..hoatSSrsoMH “’ra.")' 
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PROPERTIES OF ORIGINAL SOLUTION (FIRST EXTRACTION) 

I. The original solution can be clarified and sterilized by Seitz filtration 
without immediate loss in potency. It is clear, light to dark amber in color, has 
a strong odor of fresh animal tissue infusion, and is fairly stable at icebox 
temperature for about one to two months. However, solutions are rather un- 
stable even at these temperatures, developing turbidities, flocculations, and pre- 
cipitates, and generally losing a maximum of 50 per cent of their potency in 
from two to three months. One solution kept in the icebox for sixteen months 
developed a turbidity but maintained about 90 per cent of its original potency. 
Nevertheless, the solutions are sufficientlj^ stable wlien fresh (about one month) 
for various in vitro experiments and for clinical use by intramuscular injection. 

II. The solution is rather irritating and produces a distinct smart and pain 
on intramuscular injection, lasting ten minutes. An expedient maximum dose 
of 10 e.c. can be injected intramuscularly (average 120 units). Occasionally, 
one encounters the phenomenon described by Gi‘eenbaum‘“ of an intense local 
reaction coming on in a few houi’s, but this is no contraindication to continued 
treatment. In one ease a severe asthmatic attack was induced in ten minutes, 
but further injections failed to produce attacks in the same case. 

III. The solution can be concentrated to a dry tan powder, without loss of 
potency, by fanning in a cellophane bag. This dried powder is more perma- 
nently stable than the solution and is readily soluble in water. It is quite pos- 
sible to prepare and store this powder aseptically in ampoules by means of the 
Adtevae,^^ Lyophile,^- Cryoehem*® process, or by some similar vacuum-refrigera- 
tion-coneentration process. Due to lack of suitable equipment these latter pro- 
cedures were not carried out. 

IV. The effects of heat, hydrogen-ion concentration, and tryptic digestion 
confirm the report of ilcHenry and Gavin.^ If the histamine-histaminase mix- 
ture was adjusted to a pH of 5.0 or less previous to incubation, the histaminase 
was irreversibly inactivated. In the tryptic digestion experiments the tiypsin 
used had an index or activity of 3.3 by Gross’ method.^* A little of this trypsin 
was added to a solution of histaminase having a potency of 2 units per cubic 
centimeter and stored at icebox temperatures. An untreated control histaminase 
solution was similarly stored. After a few days the trypsin-treated histaminase 
and the control were incubated with histamine, and the titration was carried 
out on the virgin guinea pig uterus in the Dale bath. The usual skin titration 
was not carried out because injected trypsin has properties similar to those of 
snake venom.^° The following results were found: 

1. Trypsin solution itself did not stimulate the guinea pig uterus. 

2. Trypsin-treated histaminase did not stimulate the uterine strip. 

3. The control mixture (after incubation) did not cause contraction. 

4. The histamine trypsin-treated histaminase mixture (after incubation) 
caused a marked contraction of the uterine strip. 

Tliis showed that the histamine in result 4 was not destroyed and that 
the trypsin had inactivated the histaminase even at icebox temperatures. Any 
temperature of over 60° C. inactivated histaminase irreversibly. 
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V. Attempts to purify the solutiou by ultrafiltratiou were not successful. 
A potent amber liistaminase solution, containing 7 units per cubic centimeter, 
was ultrafiitered with nitrogen pressure through two layers of No. 600 cello- 
phane. While the pH of the solution was 7.2, the clear Nile green ultrafiltrate 
had a pH over 8.0. 

Tlie green ultrafiltrate did not possess any potency and was protein free. 
Tlie material left on the cellophane was dark brown in color, did not redissolve 
easily, contained a lot of protein, and had a potency of only 3.5 units per cubic 
centimeter. Dialysis experiments showed failure of the active material to pass 
through the cellophane bag into the external buffer. 

VI. Attempts to purify the enzyme by ammonium sulfate precipitation, fol- 
lowed by iced acetone extraction, in most instances produced a total loss of 
])otency. 

VII. The concentration of histaminase in beef and lamb kidneys is much 
less than in hog kidneys. Repeated attempts showed a maximum value of 
1 imit per 20 e.e. in beef kidney solution, and I unit per 3 c.e. in lamb kidney 
solution. Both of these solutions were light yellow in color. 

VIII. In evaluating the potency of hog kidney flesh autolysates (without 
defatting), freshly ground hog kidneys were allowed to autolyze under toluene 
in the incubator at 37° C. for from seven to fourteen days. It was found that 
the histaminase potency was always less than that obtained from the kidney 
powder. For example, one batch of kidney flesh produced solutions having 
a potency of 2 units per cubic centimeter. The solutiou obtained from powder 
from the same batch had a potency of from 5 to 25 units per cubic centimeter. 

IX. As a demonstration of the enzymatic property of histaminase, a solution 
having a potency of about 1 unit per cubic centimeter was incubated with I mg. 
of histamine phosphate for twenty-four hours and showed the usual slight cloudi- 
ness. Skin test showed that histamine had been destroyed. The mixture was 
clarified by filtration, and another 1 mg. of histamine phosphate was added. 
After twenty -four hours’ incubation, the histamine was found to be inactivated. 
A further milligram of histamine was added, and in twenty-four hours it was 
found to be destroyed. Tliis type of reaction is rather characteristic of enzymes 
as contrasted with purely chemical reactions.’* 

X. The effects of histaminase and histamine on the human skin and 
organism, as revealed in this study, may be of some interest. Eight batches 
of hog kidney powder and one batch each of lamb and beef kidney powder were 
prepared. Each batcli usually contained about 200 Gm. of dried powder. 
From each batch about five lot.s of .solution were prepared. This made a mini- 
mum of 50 lots of solution in a period of eight months. Each lot had an aver- 
age number of 10 intracutaneous tests done. Hence, over 500 tests with his- 
tamine, lii.staminase, and mixtures of these were done on my left forearm. At 
no time was there any indication of any local refractoriness to histamine. Nor 
was there any evidence of increa.secl sensitivity. The same site could he rein- 
jected at any time from fifteen minutes to montlis after the first injections and 
still rc.spond willi a marked wheal. For example, a fresh site was injected with 
0.1 c.e. of 1 -.10,000 hi.stamine and a wheal of IS mm. was developed In about 
thirty minutes, when the flare was subsiding and the edges of the wheal were 
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less pronoimced, 0.1 c.c. of 1:1,000 histamine phosphate was injected into the 
same puncture. In a few minutes a larger wlieal with pseudopods developed. 
During the injections for over eight months it was natural tiiat a large amount 
of histaminase would be injected and absorbed. This had no effect whatsoever 
on the subsequent histamine skin reactions. Two further experiments were 
performed : 

(1) A potent histaminase solution containing 5 units per cubic centimeter, 
was injected intraeutaneously in three sites, 0.3 e.e. being used at each site. 
Tests with 1:10,000 histamine phospliate in fifteen minutes, four hours, and 
twenty-four hours (one site at a time) produced prompt and typical histamine 
wheals. 

(2) A highly potent histaminase solution, containing 15 units per eirbie 
centimeter, was injected in two sites, 1 c.c. being injected intraeutaneously at 
each site. Eighteen hours later one site was tested with 1 :40,000 histamine phos- 
phate and produced a wheal of IS mm.; the other site was tested with 1:1,000 
histamine phosphate and produced a wheal of 25 mm. 

On several occasions after extensive skin testing, there was some lassitude, 
back pain, and axillary tenderness. Part of this may have been due to the 
protein injected. On two occasions there was a neuritis involving the left shoul- 
der and arm. The first was relieved by cessations of the injections and short 
wave diathermy. The second neuritis responded very promptly to % grain of 
oral propadrine. Despite the nimierous hog protein injections, no sensitivity to 
pork developed. 

DISCUSSION 

The field of enzyme chemistry has made extraordinary advances in the 
past ten years. Organic or •‘living” enzymes are extremely labile substances 
sensitive to heat, cold, temperature gi'adients, hydrogen-ion concentration, 
electrolytic and colloidal concentrations, and many other phj'sical and chemical 
factors. In order to secure sufficient final yields of high potency and puritj', one 
must begin with hundreds of grams of original material.” Enzyme chemists be- 
lieve that they have recently isolated some of the enzymes in pure crystalline 
form after manj^ years of intensive research.” The most refined present prep- 
arations of histaminase are as yet far from the pure state attained for these 
other enzymes. The histaminase solutions used for injections are conglomera- 
tions of numerous aqueous extractives of hog kidney and intestuial mucosa. 
Separation of proteins in these solutions is cqiite incomplete, and various 
enzymes, hormones, salts, and inorganic materials in the mixture have not yet 
been completely investigated. Therefore, though the mixture inactivates his- 
tamine, we do not know as yet the reason for its reported beneficial effects.’® 
It must be realized that when the solution is given by injection, a large amount 
of nonspecific protein is given. In 10 c.c. there are about 9 mg. of protein 
nitrogen. Its beneficial effects by mouth (considering only the histaminase) 
are inexplicable in view of the in vitx-o experiments with ti-j-ptie digestion and 
the effect of pH below 5.0. 

The enzymatic activity of solutions of histaminase seems definitely linked 
to the protein. Any attempt to remove all the protein results in inactivation 
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Of the enzyme. This is further evidence that avc are dealing with an enzyme m 
lorfaucc the pvesen,.,la.v -oncept that ovgaaic epaymea arc protena », 

are closely allied to proteins."- - _ ;„t,.MP..f-niPous 

Althou-di different per.sons have varying sensitivities to intiaeutdiieoi. 

histamine most of them have approximately the same sensitivity as desm-ibed 

in this studv. Hence, a method of titration of histaminase potency m human 

beiims using suitably titrated and standardized recompensed donors, is oftered 

for clinical trial. The method is apparently sufficiently sensitne to meet all 

but the most exacting requirenient.s. By using histamine rom he same sterile 

lot in all titrations, the number of control injections can be reduced. 

It was found that even though a batch of kidney powder was thoroughly 

mixed different lots of solution from the batch extracted under exactly the same 

conditions would have different potencies. Therefore, it is inadvisable to test 

onlv one lot at a time in evaluating a batch of powder. Each lot of solution must be 


titrated separately. . i i u 

The kidney histaminase variation in members of a species, determined bj 

jMcHenry and Bavin,® is compared with my findings in Table II. 


Table II 


(Tigures represent miUigrams of histamine base inactivated by 1 Gni. of kidney flesh) 


AXni.VL 

JIC HF.XRT AXD GAVIX 

THIS WORK 

Sheep 

Ox 

Hog 

i .3.2 

1.6 

1 3.6 

0.3 (lamb) 

0.16 (steer) 

10.0 average 


It should be noted that only a small number of batches (one each) of lamb and 
beef kidney flesh and powder was prepared. Therefore, figures for lamb and 
steer may not be fully representative. 

It has been found" that there is a latent period in vitro before any inactiva- 
tion of histamine occurs. This enzymatic property of latency is further demon- 
strated in the experiments in which skin sites lieaHly inoculated with potent 
histaminase solution failed to prevent the whealing reaction of histamine. This 
lack of “protection” may have some clinical significance. 

A word of caution concerning the incubation during titration is in order. 
During the course of the investigation a peculiar property of histamine ivas 
ohserved. If 1 mg. of hi.stamine phosphate (1 c.c. of 1:1,000) was added to 9 
c.c. of phosphate buffer at pH 7.2 and tested intracutaneously, a wheal of 18 
to 20 mm. was obtained. If the flask was then incubated at 37° C. for twenty- 
four hours without added toluene, the fluid Avould become somewhat cloudy. A 
skin test now would frequently show no histamine effect (lack of whealing), 
and the guinea pig uterus in the Dale bath would not respond. However, if a 
thin layer of toluene was added to the histamme in phosphate buffer preHous 
to incubation, the solution would preserve its clarity and also its whealing effect 
indefinitely. The culture from the cloudy solution showed a gram-positive bacil- 
lus. Undoubtedly, the described destructive effect on histamine was due to the 
action of these air bacilli iipon it. 

Another paper will deal with the clinical results attained by the injection 
of potent histaminase solutions."® 
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StrmiARY 

Further laboratory studies in the preparation, titration, properties, and 
purification of the enzyme-sj'steni histaminase are reported. A more accurate 
method of titration on human skin is described. 

The phj'sical properties of phosphate buffer solutions of histaminase and 
the effects of heat, pH, and trypsin are outlined. Several methods of purifica- 
tion and concentration are evaluated. 

Further evidence that histaminase is an enzyme is adduced. 

Some of the local and general effects of histamine and histaminase used 
over a long ixeriod of time are related. 

The need for much more laboratory investigation in the purification and 
evaluation of the various components of the crude mixtures now available is 
stressed. 

I wish to express mj’ thanks to ilr. Gully, of Figge and Hutwelker, New York City, who 
so kindly supplied an unlimited number of fresh hog kidneys. 
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HISTAailNASE 


Results of Treatjient by Intkajiuscular Injection 


Maurice Vaisberg, M.D., Baldwin, N. Y. 


I N THE past five years interest has been stimulated in the histaminase treat- 
ment of allergic and allied conditions. A considerable literature has thus 
come into existence. Excellent partial reviews of previous clinical work are 
to be found in several articles.*’® Other papers®’*® have more complete surveys 
and extended bibliography. In this presentation, for the sake of brevity, very 
little reference will be made to other work. 

The histaminase solutions used in this study were all prepared from fresh 
kidney tissue in the laboratoi-y% as described in the paper on laboratoiy studies.** 
The solution used was the first phosphate buffer extraction of hog kidney- 
powder, varied from light to dark amber in color, and Avas injected intra- 
muscularly in all cases. Its potency ranged from 5 to 25 units per cubie centi- 
meter (as against histamine phosphate). The usual maximum given at one 
time was generally 10 c.e. Early in each ease injections were usually given 
twice a week and later, if the case improved, once a iveek. 

The following types and numbers of eases were treated : 

Asthma 7 (2 of these had neurodematitis) 

Neurodermatitis 4 (2 of these were of above asthma group) 

Vasomotor rhinitis 3 
Chronic urticaria 2 
Serum sickness a 
D ermatographia ! 

Pruritus V 1 each 

hligraine 

Heat allergy J 

Total 19 cases 

It is probably best to analyze these eases by tabulations, giving the case 
identification, duration of symptoms, average dose per Aveek, number of Aveeks 
that histaminase Avas given, length of time of observation from inception of 
histaminase treatment and outcome. Each tabulation has appended a discus- 
sion of special features involved. 

Case 5. The first series of injections Avas given simultaneously ivitli nasal 
antrum washings. The patient improved rapidly, both as concerned asthma 
and neurodermatitis. But a relapse occurred despite continued treatment 
necessitating cessation of injections. During the period of nontherapy she 
rapidly got much worse. It was difficult to determine Avhether the histaniinase 

Received for pvibUcyition. Januari- 2A. 1941. 
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injections or the antrum washings were responsible for the mitial improvement. 
The second series of injections starting thirteen weeks after the first series was 
given alone with temporary improvement only. 

Case 6. Under treatment there were fewer attacks of dyspnea, but a mod- 
erate cough continued. Despite relief the ingestion of interdicted foods would 
produce slight wheezing. 

Table I 


ASTHil.V 




DOSE PER 

XO. OP 
WEEKS 

TIME OF 


CASE 

DURATION 

WEEK IX 

OBSERVATION 

OUTCOME 



UNITS 

IN MONTHS 


1. S. G. 

Simple asthma 

16 yr. 

40 

10 

2% 

Helped at first, worse later 

2. K. B. 

Simple asthma 

5 yr. 

30 

o 

10 

i 

Alade much worse 

3. J. B. 

Simple asthma 


20 

10 

2% 

Helped at first, worse later 

i. L. K. 

With hronchi- 


SO 

4 

0 

No better 

ectaSis 

HI 





0. E. K. 

Plus neuroder- 

Life 

70 

0 

10 

13 

5 

Improved, then worse, etc. See 
Ciscussion 

matitis 


90 

1 2 



6. P. E. 

Plus infection 


90 

i 12 

3 

Better. See Discussion 

7. A. B. 

Asthma 

Neurodermatitis 

Life 

6 mo. 


i 


See under Case 2, Neuroderma- 
titis group 


Table II 
Neurodermatitis 


CASE ' 

1 

DURATION 

DOSE per] 
WEEK IX 

UNITS 

NO. OP 
WEEKS 

TIME OP 
OBSERVATION 
IN MONTHS 

OUTCOME 

1. E. K. 

See Case : 

5 under Astiuna | 



2. xYB. 

6 mo. 



(5 

Improved at first, then worse. 
See Discussion 

3. J.B. 

i&m 



2 

Slight temporary aid. See Dis- 
cussion 

4. E. L. 

1 Life 

1 900 1 



Temporary aid. See Discussion 


Case 2. The asthma was controlled very well by routine allergic treat- 
ment, but the neurodermatitis persisted. The first injection of histaminase 
completely relieved the pruritus for a few days, but further injections caused 
recurrence of asthma and itching. A second series of injections twelve weeks 
after the first failed to produce any relief. 

Case 3. Eelief of pruritus was sporadic. The lesions cleared slightly. On 
release from the hospital there was a severe recurrence. 

Case 4. The pruritus was variably relieved. The lesions cleared rapidly. 
The patient was treated in the hospital and relapsed badly four days after 
leaving hospital. There was, however, a marked psychic element in this case. 

Case 2. The patient developed a tremendous wheal to a preliminary intra- 
eutaneous test precluding the use of hog histaminase. A preparation of lamb 
kidney histaminase having a potency of 1 unit per 3 c.c. was administered. 
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Table III 


Vasomotor Rhinitis 


CASE 

DUUATIOX 

DOSE PEU 
WEEK IX 

UNITS 

! NO. OP 
WEEKS 

TIME OP 
OBSERVATION 
IN MONTHS 

OUTCOME 

1 . n. s. 

5 yr. 

45 

4 



2. G. D. 

5 yr. 

14 

() i 



3. J.D. 

5 yr. 

71 

1 0 1 




Table IV 


Chronic Urticaria 


CASE 

DURATION 

DOSE PER 
WEEK I.N 
UNITS 

I NO. OP 
WEEKS 

TIME OP 1 

OBSERVATION 
IN MONTHS 

1 

OUTCOME 

1. N. G, 

Female 

IB 

158 

2 


ISTo help 

2. N. G. 

Male 

3 yr. 

3 (lamb) 

11 

7 

Ifo help. See Discussion 


Three units were given for eleven weeks without any help. Histamine injec- 
tions produced a gratifying amelioration of all pruritus. However, the hives 
continued to appear, although they did not itch. This patient was sensitive 
to cold as demonstrated by the ice test. 

Table V 


MlSCELLANEOrS 


case 

DURATION 

TREATMENT 

TIME OF 
OBSERVATION 
IN MONTHS 

OUTCOME 

E. S. 

Serum sickness 

4 (lays 

1 iujeetioa of 60 
units 

Vs 

Permanent relief in 3 hours 

E. j. 

Dermatographia 

3 yr. 

300 units in 2 
weeks 

9 

Xo help 

J. B. 

Pruritus 

1 mo. 

1 injection of 60 
units 

6 

Permanent relief in few 
hours 

G. T. 
liligraine 

2 yr. 

2 injections of 

75 units each 
on successive 
days 

2 days 

i 

No help 

A. V. 

Heat allergy 

5 yr. 

See Discussion 

12 

Helped second time with 
large doses 


The ease of heat allergy (A. V.) was previously described in some prelimi- 
nary work on histaminase.” At that time very small doses of hi.staminase 
(less than 1 unit) relieved the swelling of the feet occasioned by hot weather. 
The following summer nothing was done. The heat of the 1940 summer pro- 
duced painful ankle edema again. It was now necessary to give about 160 
units in two weeks to produce relief. The first injection induced an immediate 
violent asthmatic attack and a severe local reaction, but subsequent injections 
elicited only the local reaction in diminishing severity. 

COMMENT 

In all iiatieiits a preliminary intracutaneous test for pork sensitivity u-as 
performed with the solution. In one patient (2. X.G., chronic urticaria) the 
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local reaction was so large that lamb histaminase was substituted. In general, 
a mild or even moderate local reaction is no contraindication to treatment, 
although the usual care must be exercised. One case (A. V., heat allergy) 
developed an immediate constitutional reaction in ten minutes. One patient 
(A. B., asthma-neurodermatitis) had a delayed general effect of asthma in four 
hours after injection. Neither of these patients developed asthma on subse- 
quent injections. Other general reactions, as reported by others, such as 
vertigo, nausea, flatulence, laxation, or headache;’ and fever, malaise, or joint 
pains® were not observed in this series. 

Local reactions, varying from mild redness and swelling to those described 
by Greenbaum,” were seen in several eases. The latter consisted of erytheniato- 
liapular areas at the site of injection, several inches across, with raised mar- 
gins, marked itching, and local heat. After several inoculations the severity 
would diminish. There was never any evidence of necrosis. Local pain lasting- 
ten minutes was elicited in all eases immediately upon injection of histaminase 
solution. 

In evaluating any beneficial results one must take into account the well- 
knoivn tendency of allergic diseases to improve and retrogress spontaneously. 
Hence, in a small series of eases as presented here, final conclusions cannot be 
drawn, and only the most meager clues or indications can be found as to the 
efficacy of this type of medication. For final statistical evaluation in this type 
of therapy, considering both the unknown quantities in the disease and in the 
medication, a very large series of cases with adequate controls (both auto- and 
hetero-) is indicated. In addition, any possible effect of nonspecific protein 
cannot be minimized. It should be remembered that each cubic centimeter of 
solution contains approximately 0.9 rag. of protein nitrogen. 

Of the six eases treated for asthma, one was considerably improved, three 
were temporarily relieved, and two were not improved. One of the latter had 
a well-established bronchiectasis. Commenting, one could say that nonspecific 
protein might have given similar results. 

Of the four eases of neurodei-matitis, two (A. B. and E. K.) had variable 
relief, i.e., thej" were helped at one time and not at another ; and two ( J. B. 
and E. L.) who were hospitalized might have improved just from the hospital 
stay. Results attained here might have been obtained by other measures, such 
as calcium intravenously, bed rest, and even suggestion (hypnosis). However, 
the outstanding feature in all cases of pruritus, of whatever origin, where the 
medication did help, was the dramatic relief of itching in several houi’s. 

None of the three cases of vasomotor rhinitis had the slightest relief. 

Two cases of chronic urticaria had no relief whatsoever. This is in agree- 
ment with the much larger series of Piness and Miller,’® who employed an oral 
preparation. 

One ease of serum sickness responded dramatically. This is in accord 
with the work of Poshay and Hagebiisch,’ although the.y gave the preparation 
orally and their injections in much smaller doses. 

There was no response in either the one case of dermatographia or in the 
single ease of migraine. 
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The aiilcle edema due to heat required a much greater dose the second 
summer o£ treatmeut than the first. 

It is somewhat difficult to correlate these results of intramuscular injec- 
tions with those of other ohservers who have given the oral preparation, in 
view of the experiments in the laboratory presentation^^ which demonstrated 
that histaminase is inactivated by trypsin. Possibly thi.s may explain the advo- 
cated nece.ssity of larger doses orally. 

As tentative conclusions in this study it might be stated that histaminase 
by injection, using our present preparations, may x>rove to be of value in re- 
sistant serum sickness, in idiopathic pruritus, and in heat and cold allergy. 
It may have a limited usefulness in neui'odermatitis. It has an unpredictable 
effect on simple astbraa, and no effect on vasomotor rhinitis, dermatographia, 
migraine, and ebronie urticaria. It was not tried in hay fever. 

Various lines of evidence, considered logically, lead to the impression that 
the beneficial effects of histaminase observed by various authors who have 
used the preparation both orally and by injection, are due to something- else 
in the preparation other than the enzyme-system histaminase. The successful 
results reported by Altose,' Goldberg,® Posliay and Hagebusch,^ Both and 
Rynearson,“ Prichman and co-wovkers,^® and Roth and Horton,^' in its oral 
administration, despite the fact that histaminase is destroyed by stomach acidity, 
pepsin, and trypsin, indicate that there is something other than the enzyme 
which is responsible for the improvement. The work of Pox and Harned'® 
in which they used a eresolated solution of hog nasal mucosal extract bj" injec- 
tion for ehronie and acute rhinosinusitis with good results, point in the same 
direction. Cresol is knoivn to destroy histaminase.'® The very pz-operties of 
the enzyme-system histaminase militate against its ability to relieve the ill 
effects of the theoretical instantaneous release of histamine in anaphylactic 
shock and allergic reactions. The destruction of histamine by histaminase is 
not instantaneous and is generally quite .slow. It is extremely doubtful that 
a sudden release of histamine in the body could lie counteracted by adminis- 
tration of the enzyme before toxic effects had been produced. Thus, logically 
one is inclined to believe that any beneficial action reported in any condition 
for which histaminase was given orally or by injections was clue to somethin »■ 
else in the protein of the hog kidney or intestinal mucosa. 

Finally, much more clinical work must be done with a potent, highly 
pui-ified histaminase before the validity of any claims as to its efficacy as his- 
taminase alone can be firmly established. Xaturally, this involves further 
laboratory work in the purification and isolation of the enzyme and then the 
consistent evaluation of its effects in animals. Only when n-e have done these 
can we correctly interpret the separate effects of the histaminase and the other 
protein and nonprotein constituents of the solntion. 
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REGIONAL AND SEASONAL VARIATIONS IN THE SERUM 
CHOLINE-ESTERASE OF HUMAN BEINGS AND DOGS^ 


Robert W. Lackey, Ph.D., and Donald Sl.\l'ghter, jiI.D., D.vll.is, Tex^vs 


H all and Lucas^ in 1937 reported determinations of serum choline-esterase 
in 40 normal persons. They found values ranging from 1.32 to 3.61, with 
an average of 2.50. While determining serum esterase activitj’ in a series of 
patients with peptic ulcer,- we had occasion to cheek normal values in this 
region. Determinations were made on 50 normal persons (students and secre- 
taries). In this series were found values varying from 2.94 to 6.58, with an 
average of 4.72. The great difference between these values and those of Hall 
and Lucas assumes much importance in the comparison of pathologic cases with 
normals. 

We are unable to offer any satisfactory explanation for the above dis- 
crepanejb except that possibility that a climatic or geographic factor is re- 
sponsible. Without implying that choline-esterase is related to thjwoid activity, 
the fact may be cited that Ring^ has shown that exposure to temperatures of 
0° to 5° C. for periods of three weeks or more brings about a definite increase 
in thyroid activity in rats. Further, it is generally recognized that the normal 
standards established for basal metabolic rates in the colder climates are 


♦From the Laboratorj- of Physiologj' and Pharmacology, Baylor Medical School, Dallas. 
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approximateh' 15 i)ei' cent above those cucountefed iii the soutliorJi states. How- 
ever, it’ cliniatie conditions ;\ve cesponsibie loi' the observed differences in choline 
esterase values, it aijpcars that they produce these changes veiy slowlj' in that 
no significant seasonal variations have been observed in our series nor have we 
been able to demonstrate seasonal variations in serum esterase activity in dogs. 

To find whether sudden wide changes in body temperatures alter serum 
choline-esterase values, we have made determinations of choline-esterase activity 
in a series of .six persons who were being subjected to artificial fever therapy. 
Blood samples were obtained from the patient immediately before entering the 
machine and again after five to seven hours during which time a body tempera- 
ture of 104.6“ to 106.6° F. had been attained.® The procedure revealed no 
consistent change in esterase values. The average value obtained in 9 determina- 
tions before the induction of fever was 4.21, whereas the average value after- 
ward was 4.37. 

Table I 

yi£.ix Weekly Cholixe-Estei’.ase Activity ix Five Doo.s kor a Period of Oxe Ye.ir 


DATE 

MEAN' 

VALUE 

STANDARD 

DEVIATION 


ME AX 
VALUE 

STAXDAP.O 

devutiox 

i /18/38 

1.75 

0.19 



6.22 

1/25/38 

1,95 

0.21 


1.72 

0.18 

2/ 1/38 

1.98 

0.42 

8/16/38 

1.98 

0.10 

2/ 7/38 

1.81 

0.26 

8/20/38 

1.88 

0.25 

2/ W /3 S 

1.77 


8/26/38 

1.82 

0.16 

2/21/38 

1.57 

0.14 

9/ 2/38 


0.32 

2/28/38 

1.78 


9/ 9/38 


0.26 

3/ 7/38 

2.14 

0.14 

9/16/38 

2.08 

0.10 

3/14/3 S 

2.16 


9/23/38 

1.77 

0.23 

3/21/38 

2.53 


9/30/38 

1.73 

0.28 

3/28/38 

3,12 


10/ 7/38 


0.13 

4/ 8/38 

1.93 


10/14/38 

1.71 

0.24 

4/1,5/38 

1,77 


10/21/38 

1.75 

0.09 

4/22/38 

2,14 


10/28/38 

1.66 

0.26 

4/29/38 

2,11 


11/ 4/38 

1.86 

0.16 

3/ e /38 

1.77 

0.18 

11/11/.38 

1.62 

0.13 

5/13/38 

2.08 

0.23 

11/18/38 

1.65 

0.05 

5/20/38 

2.36 

0.20 

11/25/38 

1.82 

0.24 

5/27/38 

2.70 


12/ 2/38 

1. T 9 

0.17 

0/ 3/38 

2.41 

0.15 

12/ 9/38 

1.88 

0.16 

5/10/38 

2.14 

0.28 

12/16/38 

1.82 

0.34 

6/17/38 

2.05 


12/23/38 

1,03 


6/24/38 

1.82 

0.25 

12/30/38 

1.95 

0.19 

7/ 1/3 S 

2.05 


1/ 2/39 


0.08 

7/ 8/38 

1.85 

0.21 

1/ 9/39 

2.00 

0 36 

7/15/38 

7/22/3 S 

1.65 

1.56 

0.21 

0.15 

1/16/39 

1.97 

0 n 3 


In order to cheek this wide variation of serum choline-esterase values in 
human beings, we have made (leterwmations of .serum choline-esterase activity 
at weekly intervals for one year in a series of five dogs. ^Ye felt such a compari- 
son would cross check these differences and also bring out any seasonal varia- 
tions. Analyses were carried out according to the technique described by Hall 
and Lucas.' The values obtained are summarized in Table I in which, to avoid 
excessive length, is recorded only the mean value for the group of five animals 
for eac h date, together with the calculated standard deviation for that date 

10I.4»’p: of body ten.pc-rature to only Wr and 
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temperature records reveal that the plateau of the temperature curve 
extends from April 29 to September 16. The mean esterase value for this 
interval (twenty-one weeks) is 1.99, with a standard deviation^ of 0.23. The 
mean value for the remainder of the twelve-month interval is 1.88, with a 
standard de%dation of 0.33. Thus the values are slightly higher during the 
warmer period, but the difference is insignificant. It is worthy of note that, 
whereas the mean value for serum esterase activity (1.92) for this series of dogs 
is less than one-half that found in our series of normal human beings (4.72) 
in whom determinations were made concurrently. Hall and Lucas, ^ and Hall and 
Ettinger^ find no great difference in choline-esterase activity in the two species. 

SmiJIARY AND CONCLUSIONS 

1. Normal human serum choline-esterase values in Texas appear to be ap- 
proximately twice those reported from Toronto, but no consistent seasonal varia- 
tions have been noted. 

2. Elevation of bodj' temperature by artificial fever therapy does not alter 
human serum choline-esterase values. 

3. There is no significant seasonal variation in serum choline-esterase 
activity in normal dogs. 

4. 'Whereas there appears to be a geographic or climatic difference in serum 
choline-esterase activity in the human being, values reported here for dogs 
approximate those reported from Toronto. 
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ber of determinations in the group. 



THE FRACTIONATION OP THE BLOOD IODINE* 


I. Findings in Patients With Normal, Thyroid Function and AVith 

Hypothyroidissi 


Robert A. Davison, A.B., Richard AV. Zollinger, AI.D., and 
George M. Curtis, Ph.D., M.D., Columbus, Ohio 


E xtensive investigation has now firmly established the close relation be- 
tween thyroid function and the quantity of iodine ordinarily circulating 
\vithin the blood. In the absence of iodine administration in any form the blood 
iodine is usually decreased in patients with underactive thyroid glands and is 
increased in those -with overaetive thyroid glands. The normal range for the 
iodine content of whole blood varies considerably with the method used for its 
determination; nevertheless, all methods usually show an increased or decreased 
blood iodine in hyperthyroidism or hypothiu-oidism, respectively. These widely 
reported studies, and particularly the conclusions drawn from them, have 
formed the gi’oundwork for further insight into tlie nature of disturbed thyroid 
function. Moreover, they have disclosed that significant knowledge may be 
derived from a careful differentiation of the various iodine compounds found 
in the blood and an interpretation of their possible metabolic .significance. 

At present, however, the status of both qualitative and quantitative micro- 
chemistiy is such that the accurate identification and quantitation of these 
individual iodine-containing substances is hardly practicable. Nevertheless, 
there is a constant and ever-increasing attempt at the separation and identifica- 
tion of these compounds with an especial effort directed toward the quantitative 
determination of the circulating thyroid hormone. 

Various methods have been employed in several attempts to quantitate the 
circulating thyroid hormone. Barkan^ attempted to separate the “organic” 
blood iodine from the “inorganic” by precipitation with silver nitrate. Tech- 
niques based on the precipitation of tliyreoglobulin by a specific antithyreoglob- 
ulin serum have been applied by other investigators.^'^ Alcohol has been em- 
ployed by Perkin and HurxthaP and Trevorrow” as a precipitant in order to 
■separate the blood iodine into soluble and insoluble fractions. Other workers'’-” 
have employed acetone as the precipitating and thus the fractionating agent. 
AlcClendon and his associates”'''’” employ methanol followed by acetone in 
their procedure for the fractionation of blood and tis.sue iodine. 

In this report an attempt is made to evaluate the fractionation of the blood 
iodine in euthyroid i)ersons of this region and in hypothyroid patients. AVe have 
employed an acetone procedure. Special attention is paid the insoluble fraction 
AVe presume that tliis fraction contains the circulating thyroid hormone 


•From the DeDartmeht of Re.search Sureery. the Ohio State University Coiumh,,., 

State Unfvorsuy:’’’'"^"’" R-earci.. the Ohio 

llfColviHl for publication, October 30. 1941. 
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Table I 


Euthyroid Iathviduals ' 
(Fractionated Blood Iodine) 


NO. 

AGE 

1 

SEX 

I 

B.jr.R. 

PER CENT 

ACETONE 1 
AND 

■WATER 

SOLUBLE 

I, 

INSOLU- 
BLE L 

TOTAL I, 

DIAGNOSIS 

1 

29 


Plus 20 

3.6d 

0.51 

4.15 

8 days preoperative for right 






I 


indirect inguinal hernia 



i 

Minus 3 

3.20 

0.51 

3.71 

7 days postoperative to right 








indirect inguinal hernia 

2 

7 

M 

Minus 9 

3.70 

0.53 

d.23 

N'orinal 

o 

25 


Minus S 

5.1d 

1.3d 

6.d8 

Normal 7/2d/39 


26 


Minus 7 

3.13 

0.59 

3.72 

Normal 7/30/d0 


26 

1 

Minus 12 

2.96 

0.5d 

3.50 

Normal S/6/dO 

4 

3d 

M 

Plus 16 

3.20 

1.20 1 

d.dO 

Acromegaly 6/lS/dO 




Plus 12 

d.ld 

0.56 

d.70 

Acromegaly S/22/dO 

5 

33 

F 

1 Minus 2 

3.81 

0.63 

d.dd 

Normal 

6 

1 23 

F 

I Plus 1 

3.30 

0.65 

3.95 

i“Nervousness ” 

7 

i d2 

M 

1 Jlinus 16 

2.80 

0.68 

3.d8 

Chronic irritable colon; 








“nervous e.vliaustion ’ ’ 

s 

55 

F 


3.d7 

0.76 

d.23 

Skull fracture 

9 

d6 


Plus 9 

3.22 

0.93 

d.lo 

Carcinomatosis 

10 

1 22 


Alinus 5 

3.56 

0.9d 

d.50 

Hypoparathyroidism 

11 

32 


Minus 10 

2.62 

1.01 

3.63 

Normal 

12 

d9 


Plus 16 

2.96 

1.02 

3.98 

Chronic ulcerative colitis 

13 

dd 

F 

Minus 10 

3.56 

1.18 

4.74 

7 days postoperative to hernior- 








rhaphy 12/29/39 




Minus 3 

6.00 

1.10 

7.10 

9/19/dO 

Id 

2d 


Minus Id 

3.7d 

1.26 

5.00 

N'ormal 

15 

25 


Plus 6 

3.16 

1.27 

d.dS 

Arrested tuberculosis 

16 

52 


Plus 11 

3.80 

1.27 

5.07 

“Nervousness"; “anxiety” 

Av. 

33 

muj 

Plus 1 

3.58 

0.88 

d.do 



All iodine values are in microgranis per 100 c.c. 


Table II 

IIYPOTHYKOIDISlt 


(Fractionated Blood Iodine) 


NO. 

AGE 

SEX 

B.M.R. 

PER cent 

ACETONE 

AND 

WATER 

SOLUBLE 

I, 

INSOLU- 
BLE I^ 

TOTAL L 

DIAGNOSIS 

1 

52 

M 

Minus 

28 

Hi 

0.23 

2.17 

Hypothyroidism 

2 

33 

M 

Minus 

15 

2.36 

0.32 

2.68 

Hypothyroidism 

3 

38 

F 


0 

2.62 

0.42 

3.04 

Hj'pothyroidism ; ‘ ‘ nervous- 









ness ’ ' 

d 

3d 

F 

Minus 

19 

3.62 

0.46 

d.OS 

Hypothyroidism 

3 

11 

M 

Minus 

2d 

3.6d 

0.46 

d.lO 

Hypothyroidism 

6 

2d 

M 

Minus 

13 

3.89 

0.51 

d.dO 

Hypothyroidism 

7 

33 

M 

Minus 

10 


0.51 

3.31 

Mild hypothyroidism 

8 

d5 

M 

Minus 

20 

4.66 

0.58 

0.24 

Hypothyroidism 

9 

26 

M 

Minus 

1 

2.46 

0.59 

3.05 

Mild hypothyroidism, obesity 

0/1 fi/40 




Minus 

d 

2.79 

0.59 

3.3S 

Mild hypothyroidism, obesity 
11/4/40 


39 

F 

Minus 

2d 



3.97 

Mild hypothyroidism 


d2 

M 

Minus 

Id 



4.12 

Mild hypothyroidism 

Av. 

35 


Minus 

Id 


0.49 

3.62 



All iodine values are in micrograms per cent. 
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METHOD 

Fifty miUiUters of oxaUited blood is pipetted into three volumes of iodine- 
free absolute acetone. During the addition the mixture is agitated by rotating 
the flask in order to insure an even and fine precipitation of the blood proteins. 
The blood-acetone mixture is then allowed to stand at laboratory temperature 
for twelve hours to insure complete precipitation of the blood proteins and the 
maximum diffusion of acetone-soluble substances of the blood into the solvent. 

The precipitate is then separated from the solution by filtration through a 
Buclmer funnel, using a 11 cm. (589) “Blue Ribbon” Schleicher and Schull 
filter paper. The precipitate is then washed with 500 ml. of a 75 per cent ace- 
tone-water solution. It is further washed with 500 ml. of double-distilled iodine- 
free water. The filtrate and washings are pooled and analyzed for total iodine 
content. This is termed the acetone and water soluble fraction. 

The remaining precipitate containing the acetone and water insoluble frac- 
tion is removed ([uantitatively from the funnel and analyzed for total iodine. 
The INIatthews, Curtis, and Brode’* modification of the Leipert procedure was 
employed in all our determinations. 

OBSERVATIONS 

In 20 determinations made on 16 patients without detectable evidence of 
thyroid disease, the basal metabolic rate averaged plus 1, ranging from minus 
16 to plus 20 (Table I). The whole blood iodine of this group varied from 
3.5 to 7.1 mierograms per 100 e.c. averaging 4.45, which is normal for persons 
in this region on a noneonstant food regimen. The acetone and water insoluble 
fraction averaged 0.88, with variations of from 0.51 to 1.34 micrograms per 
100 c.c. The acetone and water insoluble fraction does not closely parallel the 
basal metabolic rate. HoAvever, upon analysis of the individual patients with 
particular reference to the cause of the increased oxygen consumption, a clearer 
view of the significance of the insoluble fraction and its value as a differential 
diagnostic agent becomes apparent. In Tables I and III it may be noted that 
persons with increased basal metabolic rates not clinieallj^ referable to the 
tliyroid gland present a normal or even lower than normal insoluble fraction. 

The insoluble fraction even fluctuates in the same person (Table I). More- 
over, this fluctuation shows only little relationship to the concurrent fluctua- 
tions in the basal metabolic rate. Although these individual fluctuations remain 
witliin the limits of wliat we have found to be tlie normal range for the in- 
soluble blood iodine, they are difficult to comprehend without assumiim an un- 
expectedly wide normal range in the circulating thyroid hormone. All deter- 
minations were made on bloods drawn in the morning in the postabsorptive state 
Table II presents a series of determinations made on patients with definite 
clinical evidence of hypothyroidism. The basal metabolic rate in this "roup 
averages minus 14, with variations from 0 to minus 28 per cent The whole 
blood-iodine range is from 2.2 to 5.2, witli an average of 3.6 miero-rams per 
100 e.c. The insoluble fraction averages 0.49, with variations from'o'^S in a 
patient with unusually well-developed hypothyroidism to 0.63 micro^ram per 



646 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


100 c.c. ill a patient with moderate but clinically obvious hypotliyroidism. The 
upper limit of the insoluble blood iodine in this series is thus seen to overlap 
the lower limit of the insoluble blood iodine of the series of patients with normal 
thyroid function presented in Table I. (Pig. 1). However, this overlapping of 



loioWble Wool \odine in microgroms c«nt 


Fig. 1. — A comparison of the ranges of the insoluble blood iodine fraction in patients with normal 
thyroid function and with hypothyroidism. 



\yhole Wood iodine in micrograms per cenV 


o comparison of the ranges of the whole blood iodine in patients with normal tliyroid 

function and with hypothyroidism, 

the insoluble blood iodine is not as extensive as that of the total blood iodine 
of the same two series (Pig. 2). Due to theoretical variation in the sensitivity 
of individuals to the thyroid hormone, as well as from their variable physiologic 
requirements for the hormone, a certain amount of overlapping might even be 
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expected, especially in. the hordei’liue cases. The insoluble blood iodine is con- 
sistently low in patients with hypothyroidism. 

Four euthyroid individuals with cardiovascular disease (Table III) showed 
a range in hasal metabolic rate of from plus 9 to plus 46 per cent. Two had 
a normal blood iodine, and two had a total blood iodine below normal. In all 
except the one with uncomplicated essential hypertension, the insoluble blood 
iodine was below the lowest limit of normal. The patient with essential hyper- 
tension presented a normal insoluble blood iodine. 

Table III 

P.vTiEXTS With Definite Cakdiova.scolak Disease and Without Clinical Evidence 

OF Thyroid Disease 

(Fractionated Blood Iodine) 


NO. 

AGE 

SEX 

B.it.B. 

PER CENT 

ACETONE 

and 

"WATER 
SOLU- 
BLE U 

INSOLU- 
ABLE L 

TOTAL I, 

DIAGNOSIS 

1 

65 

I' 

Plus 29 

1 2.88 

0.42 

3.30 

Hypertension; congestive heart 
failure ; (16 months after sub- 
total thyroidectomy for dif- 
fuse hyperplastic goiter with 
nodules) 

2 

72 

M 

Plus 9 

2.70 

0.42 

3.12 

General arteriosclerosis; arte- 
riosclerotic heart disease 

3 

36 

At 

Plus 46 

4.40 

0.44 

4.84 

Hypertensive cardiovascular 
disease; early congestive fail- 
ure 

4 

21 

F 

Plus 24 

3.63 

0.71 

4.34 

Essential hypertension without 
complications 

Av. 

48 


Plus 27 

3.40 

0.50 

3.90 



All Iodine values are in microcrams per 100 c.c. 


We interpret these findings (Table III), not as hj-pothjToidism masked by 
hypertension, but as a subdued thyroid .secretion compensatory to the increased 
supply of oxygen to the tissues as a result of the hyperten.sive circulation. If 
the thyroid hormone acts as a catalyst, increasing the utilization of oxygen by 
tlie individual tissues, and the ti.ssues are already receiving, through an increased 
circulation, an abundance of oxygen for their metabolic activity, then the thj'- 
roid gland may theoretically, at least, compensate by decreasing the supply of 
circulating thyroid hormone. Although this series is too small from which to 
conclude, the consistently low insoluble fraction is apparently of value in dif- 
ferentiating hypertension from hyperthyroidism. 

SUilAlARY and conclusions 

A metliod for the fractionation of the blood iodine into an acetone and 
water soluble fraction and an acetone and water insoluble fraction is presented 

The acetone and water insoluble blood iodine averages 0.88, with variations 
of from 0..51 to 1.34 mierograms per 100 c.c. in euthyroid persons without cardio- 
vascular disease. 

The acetone and water insoluble blood iodine is consistently low in In-po- 
thyroidism and ranges from 0.23 to 0.63, with an average of 6.49 miero^ram 
per 100 c.c. The insoluble blood iodine in hypothyroidism does not show as 
extensive overlapping into the normal range as does the wliole blood iodine 
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Hypertensive individuals that are elinicall}’- euthyroid present a low normal 
to lower than normal insoluble blood iodine. The low insoluble fraction of 
hjrpertensive patients may prove to be of diagnostic value in diffez’entiating 
uncomplicated h.ypertension from hj'^perthyroidism. The insohibh blood iodine 
fluctuates individually. 

The acetone and water insoluble blood iodine, as determined b3' the method 
presented, would appear to contain the cii-eulating tlnu’oid hormone. 
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VALUES FOR ACETYLCHOLINE ESTERASE IN THE BLOOD SERUil 
OP NOR]\DVL PERSONS AND PATIENTS WITH VARIOUS DISEASES® 


Hugh R. Butt, M.D., iLvxoKED W. Comfort, M.D., Thomas J. Drv, :M.B., xsu 
AkXOLD E. OsTERIiEUG, Ph.D., ROCHESTER, MiXX. 


T he presence of an enzyme of the blood capable of hydrolyzing acetylcholine 
was first suggested by Dale,* hut not until eighteen yeai-s later was its 
specificity definitely demonstrated by the Steelmans and Easson,- Under the 
leadership of Stedman and his associates rapid progress was made in the studj' 
of the phj’siologie and chemical properties of acetylcholine esterase, but the 
possible clinical importance of this new enzj'me received little attention. Sev- 
eral of the earlier clinical investigators ob.served wide variation of the esterase 
activity among various persons on wliom studies were carried out over periods 
of many weeks^- ■* and for tlie most part were unable to correlate the acetylcho- 
line esterase activity of the serum with any physiologic or pathologic condition.^ 
Within the past few years, however, several reports have appeared which 
suggest that the acetylcholine estera.se activity of the blood serum may be 
altered in several clinical .syndromes. Antopol and his a.ssociate.s,“’ ‘ and 3Ic- 
Ardle,® reported low values for acetylcholine esterase in diseases of the liver 
and biliary tract, anemia, and hyperpyrexia. ^Milhorat' considered the low- 
values in his group of 109 patients to be the result of debility or severe cache.xia, 
as did Jones and Stadie.** 

The present study was undertaken to determine if possible the clinical 
significance of low- or high values of acetylcholine esterase in the blood serum 
of man. The values for acetylcholine e.stera.se were obtained at a constant tem- 
perature of 30° C. by utilizing the Cameron gla.ss electrode as.semblj-. Tw-enty 
cubic centimeters of the substrate of acetylcholine bromide, containing 2 m". 
per cubic centimeter, were placed in a vessel which w-as surrounded by a con- 
tinuously flow'ing current of water at 30° C. The substrate was brought to a 
pH value of S.5 by the addition of approximately one drop of tenth-normal solu- 
tion of sodium hydroxide. To this was added 0.2 c.c. of serum, and w-ith manual 
stirring, enough hundredth normal solution of sodium hydroxide w-as added at 
intervals of five minutes for a period of thirty minutes to maintain the pH 
value of the substrate at S..'). A microburette was used for this purpo.se. \ 
control or blank determination was run from which serum was omitted- the 
value obtained was subtracted from the value obtained with the serum. Values 
are e.xprc.s.sed as the total cubic centimeters of hundredth normal solution of 
•sodium hydroxide nece.ssary to imiintain the substrate at jjII 8.5 over a period 
of thirty minutes when 0.2 c.c. of serum is u.sed. 

•From tlio nivi.sion of .in.l tin- Divi.-i„n of I!ioo),.iiii,trv it, 

Kocliolcr. Clinic, 

U ccolVfil for publlr:ition. Xr>vomb«r 19 19 11. 

Oil! 
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VALUES IN BLOOD SERUM OF NORIiIAL PERSONS 

Values for acetylcholine esterase in the blood serum of 47 normal men and 
38 normal women were determined, a single determination for each individual 
being utilized for this purpose. Among the men the values ranged from 0.91 
to 3.13, with an average of 2.06 + 0.07 and a standard deviation of 0.48, and 
among the women from 0.90 to 2.99, with an average of 1.72 + 0.08 and a stand- 
ard deviation of 0.50. While the variabilit.v was essentiallj’- the same in the 
two sexes, the values in the serum of tlie women were definitely lower than 
among the men. The average value for the 85 men and women together was 
1.90 and the standard deviation ivas 0.53. If we take a commonly utilized rule 
of statistics to accept plus or minus twice the standard deviation as the limits 
of significance (which will include 95 per cent of the eases), we can take 1.90 
± 1.06 or fi'om about 0.85 to 3.0 as acceptable limits of normal variability. 

Table I 


Values for Acetylcholine Esterase in a Miscell-vneous Group of 24 Patients 


DXAGXOSrS 

ACETYLCHOLINE ESTERASE 
(C.C.)» 

Chronie nervous exhaustion 

1.63 

Erj’throuielalgia 

2.45 

Ciitonie duodenal ulcer wltli obstruction 

0.76 

Acute gouty artliritis and sinus bradycardia 

1.95-1.65 

Clironic duodeual ulcer 

1.38 

Epilepsy with periodic paralysis 

Between attacks 1 

1.60 

During an attack 

1.65 

Diabetes juellitus, grade 3 

1.86 

Obesity 

3.31 

Urticaria and angioneurotic edema 

3.04-2.20 

Postural hypoteasioB 

1.00 

Sprue 

1.64 

Sprue 

1.77-1.33 

Average in first 12 cases 

1.70 

Chronic nervous exhaustion 

' 1.05 

Clironic nervous exiiaustion 

1.49 

Anxiety neurosis 

1.02 

Psyehoneurosis 

1 1.67 

Lipoma of neck 

1.51 

Indeterminate 

1.13 

Backache 

1.72 

Carcinoma of breast with pulmonary metastasis 

1.70 

Atopic eczema 

1.26 

Duodenal ulcer 

1.73 

Syphilis of the central nervous system; tabes dorsalis; causalgia 

1.55 

Sprue 

0.02 

Average in second 12 cases 

1.40 


‘Cubic centiineteis of 0.01 normal solution of sodium hydroxide. 


Fluctuations in Values for Acetylcholine Esterase in Same Person . — The 
results given thus far are for one determination made for each of a number 
of individuals. The variation, therefore, represents the interhidividual vax'ia- 
bility. In addition to this it was thought desirable to obtain some information 
concerning the variation of different determinations made for the same individ- 
ual, that is, the intra-indiviclual variation. Daily estimations were made on the 
serum of two normal persons. For one, six successive daily determinations had 
a mean of 0.86 ± 0.02 and a standard deviation of 0.06. For the other, seven 
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deteiTiiinations liad a mean of lAT ± 0.05 and a standavd deviation of 0.14. 
The standard deviation measuring the intva-individual variabilitj judged by 
these two persons togetlier was 0.11. Thus it is seen that the intra-individual 
variability is about a fifth of the interindividual variability. 

VALUES ASSOCUTED WITH VARIOUS DISEASES 

MiscelUneous Group of Ca^es.— Values for acetylcholine esterase were de- 
termined in 24 patients in whom a variety of conditions was present. These 
included ehronie nervous exhaustion, neurosis, epilepsy, obesitjy urticaria, an- 
gioneurotic edema, duodenal ulcer, diabetes mellitus, sypliilis of the central 
nervous system, sprue, postural hypotension, and arthritis (Table I). The 
values uuth one exception ivere within the range of normality (0.85 to 3.00), 
and the exception is not significant. 

Hypertension . — Determinations of acetylcholine esterase were made in 13 
patients with hypertension. The hypertension was of all gg-ades of severity. 
The values ranged from 1.17 to 2.51 and averaged 1.58. Hypertension appar- 
ently does not produce changes in values for acetylcholine esterase. 

Cardiac Disorders. — ^l^alues for acetjdeholine esterase were determined in 
12 patients with cardiac disorder. Our interest in this group was prompted 
by the possibility that the acetjdeholine esterase content of the serum might 
be an index of the sympathetic-para.sj"mpathetic balance in eases of cardiac 
irritability, especially in cases of paroxysmal tachycardia of various types. 

In a general way it can be stated that the values for this group fall within 
the limits of variation of the normal. This ivas found to be true in cases asso- 
ciated with organic cardiac lesions as well as in those in which periodic ectopic 
rhythms were the only cardiac abnormality. The values can be summarized as 
follows; 1.80 for a man 32 years old who had mitral stenosis and paroxj'smal 
tachycardia (probably auricular fibrillation) ; 1.73 for a man 52 years old who 
had chronic auricular fibrillation associated wdth arteriosclerotic cardiac disease j 
1.88 and 1.57, respectively, for two patients who recently had suffered from 
attacks of acute coronaiy thrombosis; 1.78 and 1.79, respectively, for tw'o pa- 
tients both aged 33 years wdio had minimal mitral endocarditis associated with 
considerable anxiety and heart consciousness. Six patients had paroxysmal 
tachycardia, but no demonstrable evidence of organic heart disease. The values 
of acetylcholine esterase in these patients were 2.14, 1.89, 1.36, 2.03, 2.31 and 
3.31, respectively, all were determined while the cardiac rhythm was normal. 
Although the value in one was somewhat more than 3.00, whieli is the 
upper value of normality, only one such ease was found among the 6 studied 
and is not considered significant. In the first two ca.ses the opportunity to 
determine levels of acetylcholine esterase during paro.xysmal taehj-eardia also 
presented itself; readings were 2.00 and 1.39, respectively (as compared to the 
levels of 2.14 and 1.89, respectively, when the cardiac rhythm was normal) 
It is doubtful whether the variations noted are significantly great, but the 
cliaiige was at least in the same direction and the values were lower in the 
coui-se of paroxysmal tachycardia than in the periods of normal rhythm Be 
fore any definite conclusions could be drawn, however, the concentration of 
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acetylcholine esterase in serum would have to be determijied at more frequent 
intervals Ijcfore, during, and after i)aroxj"smal lach^'cardia. 

Pregnancy. — The values for acetylcholine esterase in the serum of 14 
women, who either were pregnant at tlie time or Imd recentlj" given birth to a 
child, M'ere determined, and the results are listed in Table II. In two women 
readings were obtained before and after delivery. It will be noted that while 
the readings obtained in the course of pregnancy fall within the limits of 
variation of normal, with two exceptions they are all below the mean found for 
females (1.T2). The mean in tlic 14 cases of pregnancy was (1.27 ± O.OS), and 
the difference from the mean for females is significant (0.45 + 0.11). In one 
instance in wliieh the occasion presented itself to repeat the determination of 
the value for acetylcholine esterase in the serum five months post partum, there 
was a considerable increase over the value obtained during the earlier months 
of pregnancy (3.02 as compared with 1.31). This finding in association with 
the rather low values noted during pregaiancy prompts further investigation 
of the behavior of acetylcholine esterase in tlie serum in relation to pregnancy. 
Opportunity has not appeared thus far to determine values of acetylcholine 
esterase in the serum in eases of eclampsia. 

Table II 


Values fob Acettlcholixe Estebase Dukixc axd After TER.\[rxATiox of pREoxAxey 


AGE OF PATIENT 
(YR.) 

A.VTE PAPvTUM j 

1 POST PABTU.M 

ACETYLCHOLINE 

ESTERASE 

1 (c-c.)* 

-MONTH OP j 

PREGNANCY j 

acetylcholine 

ESTERASE ! 

TIME AFTER 
DELIVERY 

27 

1.00 

3 



26 

1 1.37 

3 



28 

1.26 

5 



34 

1.24 

3 



22 

0.96 

4 



21 

1.11 

5 



33 


7 



21 

1.24 

7 



25 


6 



32 

1.74 

8 


i 

27 



0.75 

I 2 days 

irt 

1.06 j 

o 



ist 

2.01 

8} 

i 


29 

1.31 

3 

3.02 

i 5 ino. 

26 

1.39 i 

1 day 

1.51 

1 day 



ante partum 




•Cubic centimeter of 0,01 nonnal solution of sodium liydroxide. 
tTwo different pregnancies in same case. 


Disease of Liver and Biliary Tract. — The values in 3 i^atients with catarrhal 
jaundice varied from 1.31 to 1.90. The values in 3 patients with stricture of 
the common bile duet and biliary cirrhosis were low; they were 1.03, 0.74, and 
0.92. The values in 2 patients with neoplastic disease of the liver also were low, 
that is, 1.37 and 0.63. The values in 7 patients with marked hepatitis (surgical 
description) were low; they were 1.05, 0.69, 1.12, 1.54, 1.01, 0.62, and 0.97, 
and averaged 1.00. The two values of 0.62 and 0.69 were less than the lower 
limit of the range of normality. The values in 5 patients with compensated 
cirrhosis of the liver were just as low as in the group of cases of hepatitis; 
they were 0.S2, 0.89, 0.99, 1.04, and 1.14, and averaged 0.98. It is to be noted 
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that the values were in the lowest range of values for normal persons, and in 
one case 'was slightly less than any of the normal values. The values in 7 
patients with decompensated atrophic cirrhosis of the liver were very low; they 
were 0.22, 0.53, 0.50, 0.62, 0.46, 0.41, and 0.41, and averaged 0.43. In every 
case the values were much lower than the lowest values for normal persons and 
much lower than those encountered in severe hepatitis, biliary cirrhosis, and 
compensated cirrhosis. It is clear that the more extensive and severe the hepatic 
damage, the lower the values for acetylcholine esterase. 

Pancreatic Disease . — The values for acetylcholine esterase were 1.46, 1.49, 
and 1.57 respectively, in 3 patients with subacute pancreatitis, and 1.23, 0.95, 
0.18, 1.68, and 1.55 in 5 patients with chronic pancreatitis with recurring ex- 
acerbations. The values with the exception of one were within the range found 
in normal persons; in the patient in whom the value was 0.18, extensive pan- 
creatic damage without recognizable hepatic disease ivas found at surgical ex- 
ploration; as the condition of the patient improved, however, the value for 
acetylcholine esterase gi'adually increased to 1.03 fourteen days later. This one 
low value suggests that pancreatic disease may depress values for acetylcholine 
esterase, but no conclusions can be drawn. 

The values for acetylcholine esterase in 8 patients with carcinoma of the 
head, and one of the body of the pancreas ranged from 0.77 to 1.47, and 
averaged 1.18. Only one value was below the normal range; in this patient 
there was extensive hepatic metastasis. In another patient the initial value was 
1.43, but in ten days, as the condition became much worse, the value decreased 
to 0.61. When the degree of hepatic damage is considered in these cases, it is 
interesting that the values for acetylcholine esterase were as high as they were. 

effect of various drugs on values for ACETYLCHOLINE ESTERASE IN THE SERUM 

While no systematic attempt was made to study the effect of various drugs 
on values for acetylcholine esterase, certain observations were recorded. Values 
were determined in a case of exophthalmic goiter and myasthenia gravis before 
the administration of 15 mg. of prostigmine orally and fifteen minutes after 
administration. The values decreased from 1.57 to 1.15. Values before and 
after two weeks of histaminase therapy in a patient with erythromelalgia were 
2.45 and 2.55, respectively. Values before and ten minutes after intravenous 
administration of 50 mg. of thiamine chloride were 1.55 and 1.59, respectively 
Values before and at the height of the pancreatic response to the administration 
of secretin intravenously were 1.73 and 1.69, respectively. Histaminase, thia- 
mine chloride, and secretin had no effect in these eases on the values for acetyl- 
choline esterase. On the other hand, prostigmine apparentlv deereasLl thr. 
values transiently. 

VALUES IN P.VNCREATIC JUICE 

The values for acetylcholine esterase in pancreatic juice obtained by duo 
denal tube were 0.14 and 0.0, re.speetively, ten and twenty minutes after stimu 
lation with purified secretin, and that in pancreatic juice obtained from a humaii 
being, who liad an external pancreatic fistula, was 0.03. 
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COMMENT 

Our limited group of cases does not permit an elaborate statistical study, 
but from these data it seems safe to assume that in the presence of severe 
hepatic damage the aeetjdcholine esterase activity' of the blood serum is de- 
creased. We hav'e observed that not all diseases of the liver or biliary tract 
are associated necessarily with a low value of acetylcholine esterase, but rather 
that the low value of acetylcholine esterase is usually a rough index of the 
amount of damage to the hepatic parenchyma. These findings are in close 
agreement wdth the results of JlIeArdle.® In 79 per cent of his 71 eases of 
disease of the liver, acetylcholine estei’ase values w^ere below' the range for normal 
adults. In 23 cases of cirrhosis of the liver the mean value was less than half 
of that of normal adults. There seems to be no satisfactory explanation for the 
decrease of acetylcholine esterase activity in disease of the liver. It has been 
suggested that bile salts in vitro w'ill inhibit esterase activiti',"- but HIcArdle's 
work does not support this hypothesis. 

A reduction in values during pregnancy also may be assumed, but a 
suitable explanation has not yet been advanced. 

Our observations in man do not coincide with the observation of Ginsberg 
and his associates,” who found the iJauei'catic juice of a dog a rich source of 
acetylcholine esterase. Nor did the parenteral administration of 50 mg. of 
thiamine chloride to man have any effect on the esterase activity, although an 
inhibiting effect has been noted in the serum of horses and rats.”’ 

SUMMARY 

The values of acetylcholine esterase in the blood serum of normal pei-sons 
and persons ivith various diseases were determined. For 47 normal men the 
mean value was 2.06 ± 0.07 and the standard deviation was 0.48. For 38 normal 
women the mean w'as 1.72 + O.OS and the standard deviation was 0.50. For 
all the normal persons taken together, the mean was 1.90 and the standard de- 
viation W'as 0.53. Accepting + 2 times the standard deviation as a reasonable 
range for normality, we set the range for normal persons as from 0.85 to 3.0. 

Values for acetylcholine esterase in the blood serum w'ere within the range 
of normal in patients with clironic nervous exhaustion, neurosis, diabetes ujelli- 
tus, epilepsy, obesity, urticaila, angioneurotic edema, duodenal ulcer, s^'pliilis 
of the central nervous system, sprue, postural hypotension, arthritis, hyperten- 
sion of all degrees of severity, heart disease, both organic and that in whieli 
periodic ectopic rhythms w'ere the only abnormality, and disease of tl)e biliam' 
tract without severe disease of the liver. Values for acetylclioline esterase w'ere 
siunificantly low in pregnancy and in instances of severe hepatic damage. A 
loose parallelism existed between the values for acetylcholine esterase in tlie 
serum and the severity of liver disease. The low'est values were obtained in 
those patients in whom damage to the liver was most severe (decompensated 
portal cirrhosis). 

Values for acetylcholine esterase in patients with pancreatic disease were, 
with one exception, within the range of normal. The single low’ value w’as so 
low that the possibility of disease of the pancreas lowering values must he en- 
tertained. 



BUTT ET AL. ; ACETYI.CHOLINE ESTERASE IX BLOOD SERUJI 


655 


REFEREX'CES 

1. Dale, II. H.: The Action of Certain Esters and Ethers of Choline, and Their Eelation 

to Aluscarine, J. Pharmacol. & Exper. Therap. 6: 117, 1914. 

2. Stedman, Edgar, Stedman, Ellen, and Easson, L. H.: Choline-esterase. An Enzyme 

Present in the Blood Serum of the Horse, Biochera. J. 26; 2056, 1932. 

3. Lucas, C. C., HaU, G. E., and Ettinger, G. H.; Individual and Species A'’ariations in the 

Choline Esterase and Other Esterases of Blood Serum, J. Pharmacol. & Esper. 
Therap. 54: 151, 1935. 

4. AIcGeorge, Hurray: Choline Esterase Activity' in Disease With Special Deference to 

Myasthenia Gravis, Lancet 1; 69, 1937. 

5. Hilhorat, A. T.: Choline-esterase Activity of Blood Serum in Disease, J. Clin. Investiga- 

tion 17; 649, 1938. 

6. Antopol, William, Tuchraan, Lester, and Schifrin, Arthur: Choline-esterase Activity" of 

Human Sera, With Special Deference to HyperthyToidisra, Proc. Soc. Exper. Biol. & 
Med. 36: 46, 1937. 

7. Antopol, William, Schifrin Arthur and Tuchman, Lester: Decreased Choline-esterase 

Activity of .Serum in Jaundice and in Biliary' Disease, Proc. Soc. Exper. Biol. & 
Med. 38: 363, 1938. 

8. McArdle, Brian: The Serum ChoUne Esterase in Jaundice and Diseases of the Liver, 

Quart. J. Med. 9: 107, 1940. 

9. Jones, M. S., and Stadie, W. C.: The Choline Esterase Content of the Muscle of 

Alya.sthenia Gravis and of the Serum of Four Other Groups of Clinical Conditions 
Quart. J. Exper. Phy'siol. 29: 63, 1939. ’ 

10. Ammon, D., and Voss, G.: Die acetylcholinzerstorende Wirkung des Blutes, -Vrch f d 

ges. Physiol. 235; 393, 1935. 

11. Ginsberg, E., Kohn, E., and Xechelcs, H.: Studies on the Blood Esterase. Am J Dinest 

Dis. & Nutrition 4; 154, 1937. • B s'-- 

12. Click, David, and Antopol, William: The Inliibition of Choline Esterase by Thiamine 

(vitamin B,), J. Pharmacol. & Exper. Therap. 65; 389, 1939. 



LABORATORY METHODS 


QENERAL 


A “TEANSPARENT CHOCOLATE AGAR" POE THE PRBHVEY 
ISOLATION OP THE NEISSERIA AND HEMOGLOBINOPHILES^ 


Philip Steixberg, B.S., axd JIollie Hollov, il.S., Jamaica, N. Y. 


IT IS customary for the personnel of a bacteriologic laboratory to have avail- 
A able, in addition to blood agar, special media for tJie cultivation of sucdi 
fastidious organisms as the gonococcus, mcningocoeeus, and influenza bacillus. 
jMany laboratories often emiiloy different media for tlie isolation of each of the 
microorganisms mentioned. This imposes a considerable burden on the per- 
sonnel and on the facilities of the laboratory. 

Ever since Cohen and Fitzgei-akP introduced a cooked blood agar (chocolate 
agar) and emphasized its usefulness for isolating IJemophihos injliienzae, many 
investigators have employed such a medium for the cultivation of both the 
Neisseria and the hemoglobinopliiles. McLeod and his co-workers,- Leahy and 
Carpenter,^ Reitzel and KohP reported satisfactory results with various "choco- 
late agars" for the primary isolation of the gonococcus. Janeway commenting 
on medical progress in bacteriology, recommends fresh "chocolate agar" plates 
or slants for the cultivation of the influenza baeillns and meningococcus from 
spinal fluid. 

Recently, baeto proteose No. 3 agar (Difco®), enriched with either bacto 
hemoglobin, 5 per cent heated defibrinated or citrated blood, has been recom- 
mended for the cultivation of the Neisseria. The medium has been used success- 
fully by Carpenter,' and is highly recommended by Herrold,® and Sulkin and 
Gottlieb.'* 

Y^hile the efflcieney of the proteose No. 3 "chocolate agar" has been estab- 
lished, its opacity presents a disadvantage. Leahy and Carpenter, ** i-eferring 
to the cultivation of the gonococcus, are of the opinion that the direct insiiection 
of a "chocolate agar" plate is almost valueless when obscured by a luxuriant 
growth of other organisms. While the application of the oxidase reaction“ 
decreases the difficulty due to the opacity of the medium, the promiscuous use 
of this test has been shown by Cohn and Kruger to have certain disadvantages. 
The isolation of small numbers of influenza bacilli, liowever, fi-om a "chocolate 
agar” plate presents greater difficulty than is encountered in the isolation of 
the gonococcus and meningoeoeeus, since no reaction similar to the o.xidase test 
is available. 

^rom the Pathological I.aborator>'. Division of Bacteriolog.v. Queens General Hospital, 
JamaiCB- 
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STKINUEUO-MOIJ.OV : “ TUAX.SPABENT CHOCOEATE AGAR” 

Proteose No. 3 “chocolate agar” i)osse.s.se.s the qualities of an ideal medium, 
namely, stability of ingredients, a high degree of efficiency, and simplicity of 
composition and preparation. A medium of .similar composition %Yhieh Yvould 
maintain all the above ciualities and also be transparent seems very desirable. 

It Ls conventional in the preparation of a “chocolate agar” to add 5 or 
10 c.c. of sterile defibrinated or citrated blood to an agar base at 80“ to 100“ C., 
followed by pouring the so-called “chocolatized” ingredients into a Petri di-sh. 
It was found that by centrifuging the heated, coagulated blood, proteose No. 3 
agar combination at a moderate .speed, a supernatant fluid re.sulted which when 
poured into Petri dishes was transparent. The opaque sediment which is dis- 
carded never exceeds 2 c.c. for each 21 c.c. of the centrifuged mixture. The 
proteose No, 3 agar base was further enriched by the addition of a .small amount 
of soluble starch (0.1 per cent) which aided in the production of larger colonies 
without overgrowth by other organisms. 



FIff. 1. — Elghteon-hour, primary grovvlli of Hemophilun influenzae on "tran.sparr-nt cliocolate 

agar." 

The medium in its final form was found to po.sse.ss all the previously 
enumerated suitable (pialities. Its sirniflicity of preparation and its ability to 
supiiort luxuriant primary growth of the meningococcus, gonococcus, and in- 
fluenza bacillus make it a very suitable medium for the routine of a clinical bac- 
teviologic laboratory. In addition, its transparency presents an added ad- 
vantage, for the colonies .sought can be readily distinguished in mixed cultures 

Over a period of several months we have found this medium a satisfactoiw 
addition to the laboratory for the following muUij>le uses: 

1. Koutine cultures of spinal fluid and blood from ca.ses of influenzal and 
epidemic itieningitis. 

2. Oetermination of the i)re.sence of meningococcus carrier.s, culfnring the 
niaferiai from the nasoi)harynx. 

3. Routine cultures of exudate from all types of gotioeoccal infections 
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4. The isolation of the inlluenza bacillus from the nose, throat, and sputum. 

5. Isolation of Ilemophihis coiijunctivitidis from eases of conjunctivitis. 

We hope to analj'ze the results of this work in a future publication. 

PREPARATION 

stock agar hase. Suspend 1 Gm. of soluble starch in 1,000 c.c. of cold 
distilled water. Mi.\ well. Add 45 Gm. of proteose No. 3 agar (Difeo), and 
mix. Boil for one to two minutes to dissolve the agar and starch. Distribute to 
test tubes in 20 or 40 c.c. amounts, or as desired. Sterilize in autoclave for 
twenty minutes at 15 pounds pressure. 



Fig. 2. Fig. 3. 

pjg o — Eighteen-hour, aerobic, priniarj'^ growth of the menhigococcus, 

Eig, 3 .— Thirty-six-hour primary growth of the gonococcus in 10 per cent carbon dioxide 
atmosphere (oxidase positive). 

Preparation of final mecLium. For every 20 c.c. of melted stock agar base, 
which has been cooled to about 50° C., add 1 c.c. of sterile defibrinated or 
citrated blood (human blood is used in our laboratory). MLx well. Heat mix- 
ture in water bath to S0° C. to 85° C. and allow to remain at the temperature 
until the blood begins to coagulate. 

Centrifuge at 2,000 r.p.m. for one to two minutes. 

Pour the supernatant fluid into a Petri dish or prepare slants. 
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DESCRIPTION OF COLONIES 

In eighteen to twentj'^-four hours colonies of the influenza bacillus are color- 
less, transparent, and vary in diameter from 1 to 3 mm. On slants growth is 
luxuriant in eighteen hours, some strains producing colonies Avhich are 2 to 
3 mm. in diameter (Fig. 1). 

In eighteen to twenty-four hours meningoeocci appear as circular, moist, 
shiny colonies, which are colorless by transmitted light. By reflected light the 
colonies are grajdsh and semiopaque. The size of the colonies is usualty from 
2 to 4 mm. in diameter (Fig. 2). 

In twenty-four to thirty-six hours colonies of the gonococcus are semi- 
opaque, colorless, opalescent, and have undulated margins. An overcrowded 
plate maj^ reveal colonies which are 0.5 to 1 mm. in diameter. On a plate which 
allows ample growing space the colonies maj' reach 3 mm. in diameter (Fig. 3). 


CONCLUSIONS 


1. A modification of “chocolate agar,” which is stable, simple to prepare, 
and yields a transparent medium, is presented. 

2. Its ability to support initial growth of the influenza bacillus, meningo- 
coccus, and gonococcus make this medium a valuable addition to the clinical 
baeteriologic laboratoiy. 

3. It eliminates the need for several separate media for the cultivation of 
the Neisseria and the hemoglobinophiles. 


We wish to express our appreciation to Dr. Alfred Angrist, pathologist 
Hospital, for his generous advice and cooperation. 


of Queens General 
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TITRATION AND STANDARDIZATION OF ANTIGEN FOR THE 
EAGLE FLOCCULATION TEST'® 

A. Harris, Staten Island, N, Y; 

A NTIGENS manufactured in tliis laboratoiy for the Eagle flocculation test 

have repeatedl}" failed to equal in reactivity standard antigen received 
from the test originator. Since a method for antigen adjustment has not been 
available, only two alternatives ivere open. Many antigen extracts could be 
made with the hope of finding one of suitable reactivity or a substandard 
antigen might be used in the test. Neither of these choices seemed to present 
an acceptable solution, and, for this reason, an investigation of the methods that 
might be used for the adjustment of this antigen was undertaken. 

It is generall}' agreed that the reactivity of an antigen is influenced by 
changes in the sterol-lipoid ratio. Since the Eagle antigen closely approaches 
saturation with sterols, the possibility of increasing this component is limited. 
In a preliminary study, however, it has been foiuid that an increase in the lipoid 
concentration approximating 100 per cent is possible without necessitating a 
reduction in the specified sterol concentration. It was also shovm that, although 
some antigen preparations could be adjusted to a satisfactory level through an 
increase in lipoid concentration, others could not be rendered satisfactory by 
this procedure alone. 

Eagle^ recognized that the electrolyte concentration of the saline diluent 
may also influence the reactivity level of the antigen, but implied that too great 
a concentration may have deleterious effects. The results obtained by the com- 
bined use of these methods are presented. 

Four antigens were prepared from commercial beef heart powder in exact 
accordance with the published technique of the originator." Sterolization was 
carried out with Pfanstiehl cholesterol and Difco corn germ sterol. Dilutions 
of each of these antigens in 0.85 per cent saline (1 part antigen with 2 parts 
saline) were prepared and stored in the refrigez’ator for twenty-four hours. 
For control purposes a similar antigen dilution was prepared from standard 
antigen that had been obtained from the originator. These stock antigen dilu- 
tions were then rediluted with eight parts of 4 per cent saline and tested ivith 
serial serum dilutions. 

Serum dilutions for the titration of antigens were prepared by diluting 
previously tested, pooled, positive sera in negative serum, care being exercised 
to insure adequate mixing. The following dilution schedule was used : 

Tube 1. Positive serum - 3 c.e. 

Tube 2. Positive serum - 2 c.c. Plus negative serum - 2 c.e. 

^rom Uie Venereal Disease Research LaboratoiT. United States Marine Hospital. Staten 
Xsl&nd* 

Received for publication, May 26. 1941. 
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Tube 

3. 

Positive serum - 


1 c.e. 

Plus negative serum - 

3 c.c. 

Tube 

4. 

Positive serum - 


0.5 C.C. 

Plus negative serum - 

3.5 c.c. 

Tube 

5. 

Serum from tube 

2 

- 0.5 e.e. 

Plus negative serum - 

3.5 c.c. 

Tube 

6. 

.Serum from tube 

3 

- 0.5 c.e. 

Plus negative serum — 

3.5 c.c. 

Tube 

7. 

Serum from tube 

4 

- 0.5 c.c. 

Plus negative serum — 

3.5 c.c. 

Tube 

S. 

Serum from tube 

5 

- 0.5 c.c. 

Plus negative serum - 

3.5 c.c. 

Tube 

9. 

Xegative serum - 


3 c.c. 



Tube 

10. 

Negative serum - 


3 e.e. 




The results of the preliminary titration of these four antigens and the con- 
trol are shown in Table I. As indicated in this table the control or standard 
antigen gave some degree of positivity in the seventh dilution, whereas the trial 
preparations gave negative macroscopic and microscopic readings considerably 
above this level. On this basis the trial antigens were not considered as having 
standard reactivity. 

Table 1 


0.1 C.C. or AXTIGEX DILDTIOX 

(1 PART STOCK AXTIGEX DILUTED + 8 PARTS 4.0% SALIXE) 


TUBE 

(0.2 c.c.) 

ANTIGEN 

A 

ANTIGEN 

B 

ANTIGEN 

C 

ANTIGEN 

I> 

STANDARD 

ANTIGEN 

1 

Positive 

POS.-pos. 

POS.-pos. 

POS.-pos. 

POS.-pos. 

POS.-pos. 

2 

Pos. + Neg. (1:2) 

POS.-pos. 

POS.-pos. 

POS.-pos. 

POS.-pos. 

POS.-pos. 

3 

Pos. + Neg. (1:4) 

POS.-pos. 

POS.-pos. 

POS.-pos. 

POS.-pos. 

POS.-pos. 

4 

Pos. + Neg. (1:8) 

DBT.-pos. 

POS.-pos. 

NEG.-dbt. 

DBT.-pos. 

POS.-pos. 

5 

Pos. + Neg. (1:16) 

NEG.-neg. 

NEG.-dbt. 

NEG.-neg. 

NEG.-neg. 

POS.-pos. 

6 

Pos. + Neg. (1:32) 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

DBT.-pos. 

7 

Pos. + Neg. (1:64) 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

NEG.-dbt. 

8 

Pos. + Neg. (1:128) 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

9 

Negative 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

10 

Negative 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 

NEG.-neg. 


.<U1 tubes shaken for flve minutes on Kahn shaking machine and centrifuged at 2,000 r.p.m. 
before reading. 

POS., DBT., and XEG. — Positive, doubtful, and negative macroscopic readings. 

Pos., dbL, and neg. — Positive, doubtful, and negative microscopic readings. 

In an effort to adjust these four antigens to the level of reactivity of the 
control, the method of increasing lipoid content was utilized. This was accom- 
plished by evaporating alcohol from measured portions of the ruisterolized 
antigens until reductions to three-fourth and one-half the original volumes 
were obtained. Thus, when 100 ml. of antigen were reduced to 75 ml., a 33 per 
cent increase in lipoid content was obtained, and when further reduction to 
50 ml. was accomplished, a 100 per cent increase in lipoid content was effected. 
These concentrated antigens were sterolized and filtered, and stock antigen dilu- 
tions were prepared as previously described. After twenty-four hours’ refrigera- 
tion portions of each of these stock antigen dilutions were rediluted with ei"ht 
volumes of 4 per cent, 6 per cent, 8 per cent, and 10 per cent salines, and 
retitrated against standard antigen using the previously described serum dilu- 
tions. To eliminate duplication of data only one protocol, considered to be 
reprc.sentative of the group, is px-esentcd in Table II. 

The findings indicate that antigen A was not adju.sted to standard re- 
activity by the use of increased saline concentrations alone. Nor did increa.scd 
lipoid contents of 33 per cent, or 100 per cent, attain a .satisfactorv reactivitv 
level when used with 4 per cent .saline. However, a reactivity as sensitive as 
that of the standard antigen was obtained at two points: 33 per cent increased 
lipoid with 10 per cent saline and 100 per cent increased liiioid with S per Vent 
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saline. Antigen with 33 per cent increased lipoid wlien nsed with 10 per cent 
saline, although sufficiently reactive with positive sera, gave unsatisfactory 
resiilts (see Discussion) in the negative serum tests, so the final adjustment 
chosen for this antigen was 100 per cent increase of lipoids with 8 per cent 
saline as the secondary diluent. Similar titrations of the other three antigens, 
designated 100 per cent increase iii lipoids noth S per cent saline, in one instance, 
and 100 per cent increase in lipoids with 6 per cent saluie, in the other two, 
as the proper adjustment end points. All four of these antigens, after being 
adjusted in accordance witli the titration results, were found to be of standard 
reactivity as compared against standard antigen when tested with positive and 
negative sera. 

Table II 


TUBE 

SEBUM 

ANTIGEN A 


ANTIGEN A 
LIPOID CONTENT 
INCREASED 33% 

ANTIGEN A 
LIPOID CONTENT 
INCREASED 100% 

STAND- 

ARD 

ANTI- 

GEN 





SALIXE CONTENT OP 

SECONDABV 

DILUENT 



4% 




6% 

8% 

10% 

4% 

6% 

8% 

10% 

m 


s% 


1 

Positive 

p-p 

P-p 

p-p 

P-p 

P-p 

P-p 

P-p 

P-p 

P-p 

p-p 

p-p 

p-p 

P-p 

2 

Pos. + Neg. 
(1:2) 

P-p 

P-p 

p-p 

P-p 

P-p 

P-p 

P-p 

P-P 

P-P 

p-p 

p-p 

p-p 

P-p 

3 

Pos. + Neg. 
(1:4) 

p-p 

P-p 

p-p 

P-p 

P-p 

P-p 

P-p 

P-p 

P-p 

p-p 

p-p 

p-p 

P-p 

4 

Pos. + Neg. 
(1:8) 

D-p 

P-p 

p-p 

P-p 

P-p 

P-l> 

P-p 

P-p 

p-p 

p-p 

p-p 

p-p 

P-p 

5 

Pos. + Xeg. 
(1:16) 

N-n 

N-n 

D-p 

D-p 

N-d 

P-P 

P-p 

P-p 

p-d 

p-p 

p-p 

p-p 

P-p 

(3 

Pos. + Neg. 
(1:32) 

K-n 

N-n 

N-n 

N-d 

N-n 

N-d 

N-p 

D-p 

N-d 

D-p 

D-p 

p-p 

D-p 

7 

Pos. + Neg. 
(1:64) 

N-n 

N-n 

N-n 

N*-(3 

N-n 

N-n 

N-ii 

N-‘-d 

N-n 

N-n 

N-d 

p-p 

N-d 

S 

Pos. + Neg. 
(1:128) 

N-n 

N-n 

N-n 

N*-a 

N-n 

N-n 

N-n 

N*-d 

N-n 

N-n 

N-n 

N-d 

N-n 

9 

Negative 

K-n 

N-n 

N-n 

N*-d 

N-n 

N-n 

N-n 

N*-d 

N-n 

N-n 

N-n 

N-n 

N-u 

10 

Negative 

N-u 

N-n 

N-n 

N*-d 

N-n 

N-n 

N-n 

N^-d 

N-n 

N-a 

N-n 

N-n 

N-n 


All tubes shaken five minutes on Kahn shaking machine and centrifuged at 2,000 r.p.m. 


before reading. 

Either 0.4 c.c. of serum plus 0.2 c.c. of antigen dilution, or 0.2 c.c. of serum with 0.1 c-c. of 
antigen dilution may he used. 

u, Jf — Positive, doubtful, and negative macroscopic readings, 
p) d, n — Positive, doubtfui, and negative microscopic readings. 

•Swirl appearance missing. 


DISCUSSIOX 

The titration results presented in Table II show that the unadjusted 
antigen and the antigen containing 33 per cent increased lipoids gave rough 
microscopic pictures with negative sbth when the 10 pei cent saline diinent was 
employed. In these tubes the typical negative swirl was missing, the grass ap- 
pearance being more chalky than usual. For this reason, tliese adjustment end 
points could Lt be considered suitable, even though a satisfactory reactiiity 
with positive serum was attained. ' 

These microscopic readings are considered an essential part of the titration, 
since they allow acute differential observations to be made. This is especially 
necessaiy in the negative serum tests so that an antigen adjustment can be made 
that will not give rough negative microscopic pictures. However, if two or more 
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adjustments are found to be equally good, the lesser lipoid content with the 
lower salme concentration is probablj- to be preferred. 

The level of reactivity that is now considered satisfactory for any test 
antigen is chosen by the author of that particular test. If, for some reason, the 
test author decides to raise or lower the test sensitivity level by changing the 
antigen reactivity, readjustments of antigen and saline can be made that will 
reproduce the desired result. For this reason, it is necessary that a standard 
antigen be available for comparative antigen titrations. 

However, since the two antigen adjustments used are quantitative in nature, 
it is not presumed that sufficient correction can be obtained by these methods 
alone to compensate for any qualitative changes that may occur m some beef 
heart powder. Such unsatisfactory beef heart powder has not been encountered 
in this lalioratoiy to date. 

SUMMARY 

Four Eagle flocculation antigens prepared from commercial beef heart 
powders were found to have varied reactivity, none of which were equal in re- 
activity to standard antigen obtained from Eagle. 

A titration method for the comparison of antigen reactivitj- and a procedure 
which uill allow the accurate adjustment of Eagle flocculation antigen is de- 
scribed. 
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A STUDY OF RECENTLY ISOLATED STRAINS OF STAPHYLOCOCCI 
AND THEIR ABILITY TO COAGULATE HIDLAN PLASMA* 


R. B. Dienst, Ph.D., Augusta, Ga. 


ly /I OST of the literature published the last few years on the various laboratory 
methods used to determine pathogenicity of staphylococci has not stressed 
the value of the plasma-coagulase reaction. Chapman^ and his co-workers dis- 
cussed the value of this test as compared to the hemolysis of blood, the patho- 
genicity for rabbits, and the agglutination test. These investigators, however 
did not correlate the ability to coagulate plasma with the source of the strain 
Their observations were made on five thousand strams of staphylococci with no 
classification as to their source. Fisheiv reporting on thirty strains isolated 
from human staphylococci lesions, found that all e.xhibited the ability to 
coagulate plasma. 

The present study was made on 65 freshly isolated strains of staphylococci 
Ninetee n of these strains were Isolated from patients with clinical manifestatious 


•From Uiu Univur-sity of Ccor^;i;i cf iredicinu*. Aujcusta. 

tCuUuru.s obL'ilncd from Ihtt Department of Ilact*Tiolo;'N' ind P 
ally of Chicago through the courleay of Dr. C. M. Duck. 

Itecelveil for puhlicatiun. May ::T, 1?41. 
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of staphylococcus infection. Thirteen were collected from sample.s of raw milk, 
24 were isolated from tlic air as eontaminant.s, and nine were strains recovered 
from outbreaks of food poisoning in wliich tlie toxicity liad been experimentally 
demonstrated.t All the strains of staphylococci used in this study fermented 
lactose and coagulated milk with acid production. 

To determine chromogenieity, transplants were made on 1 per cent starch 
infusion agar so that well-isolated colonies were obtained. The plates were in- 
cubated at room temperature (27° to 30° C.) for tiiree daj's before pigment 
formation was determined. Toward the end of this study, liowever, it was found 
that pigment production could best be observed by growing the staphylococci 
on milk agar plates. This medium was prepared Iry adding, aseptieally, from a 
can of evaporated milk,*' 10 e.e. of milk to 90 e.c. of melted agar. The agar 
should be cooled to 50° C. before the milk is added. Pigment production was 
easily observed on this medium after the streaked ]dates had been incubated at 
30° C. for three daj's. 

To determine hemolytic activity, the staphylococci were cultured on extract 
agar plates in which 5 per cent delibriuated human blood had been incorporated. 
The observations were less variable on repeated tests with the use of human 
blood than with the use of rabbit blood. 

The ability to coagulate plasma was demonstrated by inoculating 0.1 c.c. 
of a twenty-four-hour broth culture of staphylococci into 3 c.c. of diluted human 
plasma. The diluted plasma was prepared by adding one part of sterile physio- 
logic salt solution to three parts of sterile citrated human plasma. The sub- 
cultures were incubated at 37° C. for eighteen hours before readings were 
recorded. 

Table I 


STRAINS ^ 

ISOLATED 

SOURCE OF STRAINS 

NUMBER 
PRODUCING 
PlGStENT i 

NUaMBEK I 

HEaMOLIZING 

BLOOD 

NUMBER 

COAGUIaATING 

PLASMA 

19 

Clinical lesions 

IR 

IG 

19 

9 

Food poison 

S 

S 

9 

13 

Baw milk 

7 

7 


24 

Air and dust 

G 

1 

1 

65 1 

All sources 

37 1 

' 32 

30 


Table I shows the results obtained from this study. Thirty-six strains were 
capable of coagulating plasma. All 19 strains isolated from patients with clini- 
cal manifestations of staphylococci infection coagulated the diluted plasma, 
while only one of the 21 strains isolated from the air and dust showed this char- 
acteristic. Another interesting observation was that the food poisoning strains 
of proved toxicity were all able to coagulate plasma. This reaction on further 
study with food poisoning staphylococci may prove to he valuable as an exclu- 
sion test in the epidemiologic study of such outbreaks. Only three of the 36 
strains capable of coagulating plasma were the “albus” variety; one of these 
was isolated from milk of a cow with mastitis; another from a patient with an 
infected mammary gland, and the third was a food poisoning strain. 

' ^he evaporated milk used in these experiments was prepared by the Carnation Milk 
Company. 
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A numbeT of samples of raw milk were cultured before thirteen strains of 
staphylococci were isolated. There is a chance that these were more or less 
saprophytic strains contaminating the milk during its production and distribu- 
tion. However, two of them were isolated from the millc of a cow with definite 
symptoms of mastitis. Both of these strains coagulated plasma. It is possible 
that the other five coagulating strains of staphylococci recovered from raw 
milk might have been from cows with unrecognized symptoms of mastitis. 

All 65 strains of staphylococci were retested for their ability to coagulate 
diluted human plasma after having been subcultured on extract agar for twelve 
months. The results obtained showed complete agreement in ail cases with the 
readings made when the staphylococci ivere first isolated. Blair, ^ reporting on 
the stability of the plasma-coagulase reaction, recorded a 94 per cent agi’eement 
on the 102 strains tested between the original and the subsequent tests made two 
and one-half years later. 

CONCLUSIONS 


The ability of staphylococci to coagulate diluted human plasma is definitely 
correlated with its pathogenicity for man. 

The ability to coagulate human plasma is apparently a stable characteristic 
of a strain of staphylococci. 

The ability to coagulate plasma may prove to be valuable upon further 
study as an exclusion test in the epidemiologic study of staphylococci food 
poisoning outbreaks. 

lililk agar prepared by the use of commercially manufactured evaporated 
milk is an excellent medium for determining chromogenicity of staphylococci. 
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THE MEASUKE]\IENT OF FORMALDEHYDE FIXATION- 


Norville C. Pervier, Ph.D., akd F, Lloyd Hansex, M.A., Mixxeapolis, j\Irxx. 


T he fixation of small protein structures by formaldehyde is effected by 
maceration in diluted formalin Avith or Avithout suitable addition agents. In 
embalming, a similarly' constituted solution is injected arterially. As the 
formaldehyde diffuses inAvard, it unites 23i‘incipally Avith the terminal NH„ 
groups of the protem structures, causing them to set to a more or less rigid gel. 
The degree of setting, hardness, or fixation of the preserA-ed tissue is a matter 
of considerable importance, since it is usually desirable to maintain, as nearly 
as possible, the oi’iginal eonsistenc 3 ' and appearance of the tissue. This is espe- 
ciall.A- true in the ease of dissecting material and in the embalming of eadaA'crs. 
Formaldehyde is capable of greatlj' changing the consistency' and gross api)ear- 
anee of tissues Avhen used alone in aqueous solution, and it is, therefore, cus- 
tomary to add to it A-arious other compounds designed to control or to direct its 
action. These concern mostly preserA’ation and color. The Auu'ious modifica- 
tions of the Kaiserling process* constitute a ease in point. 

We haA'e made quantitatiA-e studies of many of the physical and chemical 
factors iiiA'olA'ed in formaldehyde preserA'ation under a grant from tlie Minne- 
sota State Board of Health. The present report concerns the quantitatiA-e 
measurement of the hardness of formaldehj’de-treated protein structures. 

Since no commercial dcA-iee aa'Os aA’ailable for measuring hardness or rigidity- 
of tissues on a numerical scale, aa'c dcA-ised one. This instrumeut AA’as a modifica- 
tion of one previously' used by- one of the authors- in other biological studies of 
phy-sical and chemical factors in biology-. In effect it measures the distance 
through Avhich the surface of the specimen is depressed Avhen a fixed force is 
applied to a small area of it. 

DESCRU-TIOX of the ilETER 

Our meter Avas adapted from a 3-inch vacuum gauge and is sIioavu in Fig. 1. 
The flexible ribbon and pipe connection AA-ere removed, and a tubular brass sleeve 
S, % inch by- 1% inches, earry-ing tlu'ee short sturdy in’oiigs P at its loAver end, 
AA-as fitted to the case. A l^-ineh brass rod R Avas tlien fitted to operate smoothly 
and Avithout extra play- Avithin the sleeve. The upper end of the rod Avas at- 
tached to the lever sy-stem L, operating the pointer, and the loAver rounded end 
of the rod AA-as cut to such a length that it projected % inch beyond the plane 
of the sleeve prongs AA'hen the pointer Avas at zero. A normalized spring Avas 
then fitted to retain the rod in the extended position. The strength of the 

” ^From the Minnesota Institute of Technologj-, University of Minnesota, Minneapolis. 
Received for publication, Alay 31, 19-11. 
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spring was such that a weight of 120 Gixi. rvas required to displace the end of the 
rod into the plane of the three-sleeve prongs. 

Similar devices may he constructed from small pressure gauges, opticians’ 
diopter gauges, or dial reading auto tire gauges. It is essential to have a 
scale with large well-marked divisions, so that the readings can he taken at a 
single glance, and the stiffness of the spring must he suited to the range of 
pliability of the specimens to he measured. The spring which we made and 
used allowed a scale reading of only one division when the meter was applied 
to soft living tissues or fresh hog kidneys, and a reading of about 25 on em- 
balmed dissection cadavers. 



USE OF METER 

In use, the protruding plunger of the meter is brought perpendicularly 
against the surface of the specimen and pressed carefullj' against it until the 
three-sleeve prongs barely touch the surface. Tlie dial reading is then taken. 
Several readings over representative areas are taken and the results are aver- 
aged. Fleshy areas, which are more or less Hat, are to be preferred since undei'- 
lying bony structures affect the readings .somewhat. By choosing like anatomic 
areas, consistent readings are easily obtained. In cadavers the abdomen and 
ventral surfaces of the thigh and forearm are preferred, since dependent areas 
are usually somewhat Ihittcned, distorted, and otherwise changed. 

.VPPLIC.VTIOXS 

In living bodies the changes in mirselc tonus during contraction and rela.xa- 
tion may be measured readily. The changes in tissue consistency accompanvin*' 
the deposition of fat may lie mea.surcd. The ])rogre.ss of rigor mortis with time 
is likewise nu-asurablc. The softening of .structures folhjwing ineijnent pufre 
taction also may he followed. We have jnadc hundreds of measurements with 
this meter upon various subjects, including nmn. in connection witli our rpmuti- 
tativc stmlies on the various piia.ses of action of cmhalming Ihiid elicmieal.s 
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delayed fixing or embalming reaction. We believe tlmt . 
hardness increases are due to a delayed action in which fomaldcl 
f deezeasmg strength diffuse slowly into contact with sfill solutions 

structures. Finally, the hardness becomes stabilized but it iT^ Pi’oteui 

af the amount of formaldehyde used is so small that piitJa “Sn 

of tissii: f hardness 
upon the sub,-ect. All the mu^ data 

interesting to note that fixation does not incase 

This suggests an adsorption phenomenon, but it may also be due to tliT- walfin-’ 
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off” of the solution ffy local solid ai’cas ■wMcli. interfere with, the diffusion of the 
aldehyde. In time the compound may diffuse through, but then there is less 
of it. As a result the hardness is less than it would otherwise be, We are 
continuing the study of this point. 

coxcLtrsioxs 

1. A simple portable meter has been devised for measuring the hardness 
of tissues^ organs^ or cadavers on a numerical scale. 

2. Changes in the hardness of tissues under varying conditions and modes 
of treatment can be easily measured. 

3. Only a few minutes of experience is needed in order to obtain consistent 
readings on hardness. 

i. The use of the meter does not deface the anatomic structures in any way. 

5. The instrument has proved useful in obtaining measurements regarding 
the sj-nergistie effects of various compounds used in embalming fluids, 

6. No numerical data of this kind are to be foimd in previous literature 
on the subject. 
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A SIIMPLE AND ACCURATE :METH0D OP COUNTING SPERMATOZOA^ 


Abxer I. Weisuax, il.D., New York, N. Y, 


'^HERE are a number of various teclmiques in present-day general use that 
-*• are employed in counting spermatozoa in a routine semen analysis. All these 
methods are complicated either by the use of blood counting pipettes or bv the 
special diluting fluids. The method of ilacomber and Samiders’^ involves the 
use of a blood-counting pipette (1:20 dilution) and a sodium bicarbonate- 
formalin solution (5 per cent sodium bicarbonate and 1 per cent formalin) 
The method of Hotchkiss’ utilizes a diluent consisting of a solution of saturated 
sodium bicarbonate together with 1 per cent phenol. The ‘•bulli” method of 
Belding"' employs larger amounts of semen for dilution, but also makes use of 
the special ilaeomher-Saunders diluting fluid. 

I use a much simpler method which ohvinte.s the necessity of pipettes, blood- 
counting pipettes, and special diluting fluids. This method is ba.sod on a recent 
showed that plain, ordinary tap water is one of the most drastic 

OK-tetric.. :.na GynvcoIo«- of the- Metropolimn Ho.-pital. Xew 
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spermicides known. The dilution witli water serves not only to dilute the 
sperm cells so that tliey may be easily counted in a Neubauer blood-counting 
chamber, but it also causes immediate cessation of motion of the sperms facilitat- 
ing the count. The use of tap water as the diluent is especially useful to those 
who have neither the time nor the facilities to prepare special solutions for an 
occasional semen analysis. 

TECHNIQUE 

One cubic centimeter of well-mixed whole semen is placed in an ordinary 
test tube, graduated at 20 c.e. Then ordinary cold tap water is added to the 
tube up to the 20 c.e. mark. 

This simple technique has two distinct advantages : First, by simplj'- add- 
ing water all the spermatozoa are killed at once; second, the use of a whole 
cubic centimeter of semen diluted 1;20 diminishes the error which crops up 
when using the small amounts of semen usually utilized in the blood-eoimting 
pipette technique. 

The sperms are counted in the same fashion as are white blood cells, and 
the final count is arrived at in the following manner: After 1 sq. mm. is 
counted and reeheeked (the sixteen small squares in one corner of the chamber), 
the number obtained is multiplied by 10 to constitute the number of sperms 
found in 1 e.mm. This is multiplied by 1,000 to find the number in 1 c.c. of 
diluted semen. To arrive at tlie number contained in 1 c.c. of whole undiluted 
semen, it is now necessary to multiply once more by 20 (the dilution used). 

The above multiplication may be simplified bj’ taking the number found in 
1 sq. ram. and adding five zeros to it and multiplying by two. 
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THE USE OF THIOGLYCOLLATE MEDIU"M IN DIAGNOSTIC 

BACTERIOLOGY® 


Roger D. Reid, Ph.D., axd Gertrude H. Bowditch, A.B., Baltijiore, Md. 


T he use of sodium thioglj'collate in infusion medium ivas described by 
Brewer in 1940. This medium was described as a fluid medium in which 
anaerobes could be cultivated without the use of special fermentation tubes or 
other devices for excluding air. It was also pointed out that the thioglycollate 
inactivates most of the mercurials commonly used as preservatives in biologic 
products and is, therefore, useful in te.sting the sterility of such products. 
Marshall, Gunnison, and Luxen (1940) have confirmed its usefulness for such 
purposes. It has been found that this medium is well adapted for the growth 
of aerobic and miero-aerophilie types of bacteria as well. IVe have confirmed 
Brewer’s reports and have made extensive use of this medium in routine bac- 
teriologie examinations. After some time we observed that the results obtained 
by the use of this medium seemed to he better than those obtained with certain 
others in routine use. A suiwe}- of these re.sults revealed the superiority of this 
medium for certain purposes, particularly in the culturing of specimens of blood 
and lochia. 

This report includes examination of 69 consecutive blood specimens and 93 
consecutive uterine specimens. Seven blood cultures were found positive by one 
or all of the methods used, and 82 uterine specimens were positive by one or 
more methods. 

TECHXIQUE 


Blood specimens were, as a rule, planted at the bedside, but if this was not 
possible, the material was taken dii’ectly to the laboratory and placed into the 
various media within fifteen minutes of the time it was taken from the patient. 
Five to 10 c.e. of blood were plated directly into 50 c.c. of infusion broth con- 
taining de.xtrose. Duplicate plates were prepared for aerobic and anaerobic in- 
cubation, using 1.0 c.c. of the blood specimen in each plate. One cubic centi- 
meter and 2.0 c.c., re.spcetively, were added to tubes of thioglycollate medium. 
All cultures were incubated at 37° C. and inspected daily for ten davs unless 
gi’owth appeared earlier. 

Uterine specimens were brought to the laboratory in Little’s tubes wrapped 
in sterile towels. The contents were transferred to a tube of infusion broth and 
inoculations of the various media were made by adding one or more drops of 
the material to each, depending upon the amount of lochia pre.sent. Blood 
agar plates for aerobic and anaerobic incubation, infusion broth, and thio"lveol- 
late medium were used. All media were incubated at 37° C. for ten davs before 
being discarded as sterile, and all were examined daily. When growth apijcared 
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in bi’oth or in tliioglyeollate medium, blood agar plates were made to obtam 
isolated colonies to be fished and studied in inire culture. 

It should be noted that in mauj’- instances specimens were taken from 
patients being treated witli one of the various sulfonamide compounds. While 
it has not been our experience (impublished experiments) that the addition of 
such substances as p-aminobenzoic acid enlianced the ability of an infusion 
medium to produce positive blood cultures in such eases, the results that follow 
might indicate that if such compounds are useful for tliis purpose, they are 
to be found naturally in tliioglyeollate medium. 

RESULTS 

Of the 69 blood specimens cultured, gi’owth was obtained in only eight. 
No growth occurred in blood agar either aerobically or anaerobicallj^ in ten days. 
In four cases gTovlh occurred in broth inoculated with 5 to 10 c.e. of the speci- 
men, while growth was obtained in thioglj'collate medium in seven cases. In 
onty one instance did growth occur in broth when it did not appear in thioglyeol- 
late medium, yet in four eases gi-owth was obtained in thioglycollate medium 
when it did not appear in broth, although the broth invariably contained from 
five to ten times as much inoculum. The tjTpes of organisms isolated were 
(1) from broth: alpha streptococci, three times; staphylococci, once; (2) from 
thioglycollate medium; alpha streptococci, four times; staphylococcus, twice; 
and pneumococcus, once. Growth appeared in these media as soon as twenty- 
four hours (in one ease), or as late as the seventh day. 

Of the 93 uterine specimens cultured, growth occurred on the blood agar 
plates incubated aerobically in 19 specimens, while those incubated anaerobically 
gave 16 positive cultures. Broth cultures were positive in 57 instances, and 
thioglycollate medium gave S2 positive cultures. An analysis of the results 
obtained with the various media is sho\vn in Table 1. 


Table I 


Medium 


POSITIVE CULTURES 


TOTAL 

Thioglycollate medium 

9 

39 


7 

17 

82 

Broth 

9 

39 

10 

0 

0 

57 

Blood agar plates 
( Aerobic incubation 

9 

0 

10 

0 

0 

19 

Blood agar plates 

(Anaerobic incubation) 

9 

0 

0 

i 

I 

0 

i 

16 

1 


According to these data it would appear that thioglycollate medium has a 
superiority over broth in a ratio of 82:57; over aerobic blood agar plates the 
superiority is greater, 82 :19. Compared with blood agar incubated anaerobically 
the ratio is 82 :16. Since growth occurred in thioglycollate medium in all cases 
in which growth occurred in any medium when lochia was cultured, and only 
failed in one case when blood was being cultured— and in this case it is reason- 
able to assume that the larger inoculum used in the broth is accountable— it 
appears that thioglycollate medium has an important use in clinical and diag- 
nostic bacteriology. No doubt some of the superiority lies in the fact that 
anaerobic as welfas aerobic bacteria develop well in this medium. 
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"WTiile this papei’ was being written. Neisseria intracellularis (type III) was 
isolated from the spinal fluid of a ease of meningococcus meningitis simultaneously 
on thioglyeollate medium incubated aerobically and chocolate agar incubated in 
an atmosphere containing carbon dioxide. Isolation was not accomplished on 
unheated blood agar. 

COXCLUSIOM 

The use of thioglycoUate medium by itself, or in conjunction with other 
media, is recommended in routine diagnostic bacteriology. 

Since this paper was sent to the publisher this observation has been repeated in 5 addi- 
tional cases o£ meningococcus meningitis. In 4 cases type I meningococcus was found, and in 
one, type II. 
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ilULTIPLE TISSUE WASHER AND PROCESSING ASSEIilBLY* 


CoiiBixATiox App.ar.vtus Pacilit.vtixg the Pbeparatiox of Tissues fob 

P.VR.VFPIX SeCTIOXS 


P. W. Cook, B.S., IM.S., axd G. H. S.vtterfield, A.B., B.S., M.A., R.vleigh, N. C. 


^AEEPUL manipulation and preparation of relatively large numbers of 
^ tissue blocks as a laboratory routine are possilile with a minimum of time, 
labor, and space with a combination multiple tissue washer and processing 
assemblies described here. This appai-atus has been developed and improved as 
a matter of necessity for saving time, labor, and space in the course of preparing 
hundreds of tissues for paraffin sections. Careful consideration was given to 
histologic principles and methods as well as to the factor of minimum handling 
of the tissues with instruments. 

The cost, availability of materials, and construction of the apparatus were 
given careful consideration. This apparatus can be constructed by a technician 
or student assistant with materials from the laboratory stockroom, hardware 
store, department store, woodshop, and the Kimball Glass Company Vineland 
N. J. . . , 

The combined apparatus, multiple ti.ssue washer and procc.ssing assembly is 
composed of the following parts; 

1. Tissue washer; a deep, aluminum pan with 27 outlets and rubber tubes 
with Iloffman clamps (Fig. 1). 
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2. Processing assemblies; inverted, open-bottom, serew-eap vials, per- 
forated caps and corbs fitting into fruit juice glasses (Fig. 2). 

3. Tripod; japanned iron tripod (Pig. 1). 

4. Assembl.y traj's: cypress or aluminum (Pig. 1). 

The size of the tissue Avasber, the number of processing assemblies, and the 
size of the assembly trays ivill depend cliiefly on the recpiirements of tlie labora- 
toi’y. A sufficient number of assemblies should be provided to permit a serial 
progression of several units of assemblies with tissues through the steps of fixing, 
Avashing, dehydrating, clearing, and paraffin infiltrating. In this laboratory, 
using a tissue Avasher Avith 27 tubes, 46 assemblies are used for the first four steps 
in the procedure and 30 additional assemblies are kept in the paraffin oven for 
infiltrating the tissues. 

The Tissue ^Yas^le)^ (Fig. 1). — The multiple tissue Avasher consists of a 
deep, 20-gauge, aluminum jmdding pan of 6 rpiarts capacity, pei'forated Avith 
27 holes jointed to short copjier tubes liolding I-ineh length rubber tubes pro- 
vided Avith Hoffman clamps. Tlie size of the pan and the number of outlets Avill 
depend on the reciuirements of the laboratory. The 27-outIet Avasher in use 
in this laboratory has tivo eii’cular, inner and outer, roivs of holes drilled 
through the bottom of the pan. The outer roAV contains IS holes equally spaced. 
The inner roAV has 9 holes equally .spaced, and each hole is placed opposite one 
in the outer roAv, The holes in the inner roAV sliould be placed opposite the 
spaces betAveen the holes in the outer row. The holes are drilled from the out- 
side to the inside. Soft copper tubing, i/i iDch outside diameter is cut into one- 
inch lengths and forced into the holes. These holes are made slightly smaller 
to hold the tubes firmly in place until jointed Avith liquid solder. The height 
of the tubes inside the pan is about %,j inch above the bottom to provide 
anchorage for the solder. Care is taken that the tubes are perpendicular to 
the bottom of the pan. Liquid solder is spread around each tube level Avith 
its upper end. It is alloAved to harden overnight. To further strengthen the 
support of the tubes in the outer roAV, Avhieh is in a peripheral moat, a ribbon 
of solder is laid in the moat. Each tube is surrounded by this ribbon of solder. 
The inner edge of the ribbon reaches the inner roAVs of tubes, strengthening 
them likeAvise. The solder is alloAA'ed to harden overnight. The pan is inverted 
on the tripod, and liquid solder is spread around the copper tubes, strengthen- 
ing them still more. This tissue Avasher has been in constant use for more than 
a year, and not a single tube has loosened or been resoldered. The ribbon of 
solder in the moat has contracted and draAvn aAvay from the Avail of the pan, 
but it has not affected the use of the washer in any Avay. A rubber tube, 7 inches 
in length, Vio inch Avail, % inch bore, is placed over each copper tube, and a 
Hoffman clamp, i/o mch size, is clamped onto each rubber tube. 

This multiple tissue washer possesses the folloAving advantages; 

1. It is durable, inexpensive, and easily constructed. 

2. It provides a reservoir of Avater from a single tap for one or 27 assem- 
blies. 
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3. It provides a constant flow of water, the rate of which is controlled by 
the Hoffman clamp, and can be regulated to a full stream or to a definite 
number of drops per minute. 

4. It requires only a very small amount of space for operation and storage. 
The Processing Assembly (Fig. 2). — The processing assembly consists of 

an inverted, open-bottom vial, a molded bakelite cap perforated witli 5 to 7 
holes, a plain 5-ounee fruit juice gla.ss, and two corks, 21/2 by %, and 1 by 1/2 
inches in size. The larger cork fits into the glass container, and has a center hole 
of a size to hold the vial firmly and upright in place, yet permitting easy shift- 
ing of its position in the assemblj’. The smaller cork is used as a stopper in the 


Klc. 1.— Pliotograph ot multiplt- tis.suo waslier und proccssins a.s.seiiiblie.') with tray 



top opening of the vial. The vial, size No. 4 , 414 inches in length, is cut down 
to a length of about 4 inches. This is accomplished by winding :i double loop 
of a stout cord around the bottom of the vial, and with a sce-saw movement 
of the loose ends of the cord create suHicicnt friction and heat to cause it to 
hrciik clean when plunged into ice water. The sharp edges are made smooth 
by glazing over a Bunsen burner. The molded Bakelite cap is perforated with 

0 to 1 holes, the size and number of which will depend on the kind and size 

01 tissues routinely prepared. There should be several perforations in the 
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The Assemily Trays (Fig. l)._The number of assembly trays is tio 
pendent on tiie size of the washer and the number of assemblies used if , 
a few are used, a small tray will be satisfactory, but if 27 or more h 
are used at one time a large tray will be required. Even thouo-h 
number of assemblies is maintained, the smaller tray will be found 
venient when only a few assemblies are in operation. The small tra^r 
22-gauge, aluminum layer-cake pan, 10 inches in diameter with a 3 / i f / 
in the wall to serve as an outlet. 

A laige tray to hold 2i assemblies was designed and constructed from 
single piece of cypress, 2 inches in thicimess. It was turned on a lathe to form 
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a tray with au inside diameter of 14 inches, a rim 1 inch high and Yo inch 
wide, making a total diameter of 15 inches. There are eight 4-ineh legs, inch 
in thickness, supporting the tray. The tray wa.s designed to he used in a sink. 

A second large tray was designed to be u-sed on top of the counter. A wide, 
shallow “Wear-Ever” aluminum cream pan. No. 401, bottom diameter 14% 
inches, top diameter 16% inches, depth 3% inches, was piu’chased from a hard- 
ware store. The pan has a single, large outlet, with a rubber tube attached to 
carry off the overflow water from the assemblies. This outlet was made by drill- 
ing through the wall of the pan a hole % inch in diameter, % inch from the 
bottom. A piece of copper tubing, % inch in diameter, 11/2 inches long, was 
used for the overflow pipe. At one end of the tube a flange was made by making 
several longitudinal cuts to a depth of Yi incli, and pressing the segments out- 
ward. The tube was forced through the hole, and the flange was shaped to the 
curvature of the wall of the pan. The tube was soldered to the wall, inside and 
outside, of the pan. After hardening, a rubber tube % inch, inside diameter, 
1 foot in length, was slipped over the copper overflow pipe. 

The durability and practicability of these two large assembly trays have 
been thoroughly tested and found satisfactory. 


ADVAXTAGES OF THE PROCE.SSIXG A.SSEMBLY 


The processing assembly is used to carry the tissues through fixation to 
paraffin imbedding with a minimum handling of the tissues. The principal 
feature of the assembly is the vial and the perforated bakelite cap, fitting tightly 
in the center of the hole of the large cork. ^Yhen this unit is in place, the vial 
is centered and its distance from the bottom can be changed by shifting its posi- 
tion in the cork. The centering and manipulation of the vial have many ad- 
vantages. 


1. It serves to suspend the tissue in the fixing fluid and permits the pene- 
tration of the fixative tlirough all surfaces. 

2. It permits thorough washing of the tissue. A rubber tube of the washer 
is placed inside the vial through the top. A glass rod is placed in the 
container between the cork and the top edge of the glass. 

3. The flow of water through the tube from the reservoir of water is con- 
trolled and regulated by the Hoffman clamp. 

4. A full stream or only a few drops of water per minute, depending on the 
character of the tissue, is permitted to flow into the vial. 

5. The water circulates in the vial and flows out into the container and over 
its edge. 


G. 

7. 

8 . 

U. 

10 . 


The gla.ss rod keeps the cork away from one side of the gla.ss, permitting’ 
this overflow of water. 

A continuous flow of fresh water is ])os.sihle. 

Tlie lo.ss of the ti.ssue from the vial is prevented as the level of the water 
inside the vial is below the top opening of the vial. 

The proces-sing assembly permits the u.se of calcium oxide and dio.vane 
as dehydrating agents. 

The vial can be raised above the lumps of calcium oxide. 
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11. The perforated cap permits the interchange of dio.xane and water be- 
tween the tissue and fluid and the passage of water down to the calcium 
oxide. 

12. The assembly permits de'hydration of the tissue with a series of graded 
alcoliols. 

13. It permits infiltration of tlie tissues with paraffin. 

1-1, It permits easy handling of the tissues in the process of Imbedding. 

A second assembly, kept permanently in the paraffin oven, is used with dis- 
tinct advantage in this step. The melted paraffin may be kept in the assembly 
or placed in it prior to transferring the tissue from the first unit. Then the 
tissue is transfen-ed without handling by inverting the fii-st vial and dropping 
the tissue into the pai'affin in the second vial. The suspension of the tissue 
in the paraffin allows the paraffin to penetrate into the tissue through all its 
surfaces, the assembl}- permits easy handling of the tissue in the process of 
imbedduig. The unit with the paraffin-infiltrated tissue is taken to the im- 
bedding box, and there the tissue is transferred to lifiuid paraffin in a glass 
stam jar. The transfer is accomplished by grasping the eoiic, holding the vial 
and inverting it, thus avoiding getting hot paraffin on the hands. Occasionally 
it may be necessary to unscrew the cap to remove the tissue. Placing the tissue 
in the glass stain jar permits the technician to ascertain its size and shape, 
thus determining its orientation in the imbedding block. Then the tissue may 
be transferred to the imbedding block with a perforated spoon. 

UST OK -MATEKI.VLS 

Capsule lials, screw cap, size No. 4, No. 60957. 

Height 4% inches gross § 3 75 

Black molded caps V 2 gross 1 00 

Purchased from Kimball Glass Company, Vineland, N. J. 

The prices listed are given only to show cost at time of purchase. The following mate- 
rials may be purchased from any laboratory supply iiouse, hardware store, department store, 
and woodshop. 

Hoffman clamps, each 
Tripod 

Rubber tubing, per foot 
Copper tubing, 2.% feet 

Aluminum pudding pan, 20-gauge, 6 -quart capacity 
Aluminum layer-cake pan, 22-gauge, 10-incli diameter 
Liquid metallic solder, tube 

Corks, NXX quality, 2% by 2^& by %, bag of 100 
Corks, XXX quality, 1 by ~/s by Vj, hug of 100 
Assembly tray, cypress 

Assembly tray, aluminum cream pan. No. 401 
Glass rod. No. 6 , 10.5 ft. 

Approsimate cost of tissue washer with 27 outlets: 

Aluminum pan 
Copper tubing and solder 
Rubber tubing, 16 feet 
Hotfman clamps, 27 


•S .20 
.55 
.08 
.30 
1.25 
.60 
.10 
10.55 
2.35 
4.50 
3.00 
.25 


.$ 1.25 
.75 

1.2s 

0.40 § S.OS 
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Approximate cost of 72 processing assemblies: 


Fruit juice glasses, 6 dozen @ .40 

$ 2.40 

Screw-cap capsule vials, 6 dozen 

3.75 

Black molded caps, 6 dozen 

1.00 

Corks, largo, 0 dozen 

7.56 

Corks, small, G dozen 

1.69 

Glass rods, 27 

.25 

Each assembly: $0,231 


Tripod 

.55 

Small assembly tray, aluminum 

.60 

Large assembly traj", Cyprus 

4.50 

Large assembly tray, aluminum 

3.00 


Approximate cost of combined apjiaratus, $29.48 to $30.98. 



CHEMICAL 


BLOOD BROMIDE DETER5IINATIONS : THEIR USE AND 
INTERPRETATION® 


M. G. Gray, Ph.D., axd ilEBRiLL. Moore, M.D., Boston, Mass. 


' I *HE critical level at Avhieli symptoms of bromide intoxication appear is the 
* subject of considerable controvei’sj\ In addition to its diagnostic value the 
blood bromide determination has been used in estimating prognosis. This has 
led to conflicting statements, since many writers have attempted to correlate the 
symptoms of bromide intoxications with an absolute figure in terms of bromide 
content of blood and eerebrospijial fluid. Such disagreement is due to the 
use of chemical methods which do not selectively and accurately determine 
bromine, and to personal differences among patients which condition the ab- 
sorption and excretion of bromides. It is the purpose of this paper to present 
data obtained by the most popular methods, to discuss sources of error and the 
biochemical and physiologic factors which are pertinent to the interpretation 
of the blood bromide concentration when used in diagnosis and treatment. 


METHODS FOR DETERMINING BROMIDES IN BODY FLUIDS 


Bromine is the most difficult halogen to determine, particularly in the pres- 
ence of others. The exact chemical methods, whether volumetric or gravimetric, 
require elaborate equipment and laboratory facilities beyond those possessed 
by most hospitals and skill beyond that of the average laboratoiy teclmieian. 
For the most part they require from six to twenty-four hours for completion; 
the disadvantage of this element is obvious when the results are needed in 
emergency situations. 

Most clinical investigations of blood bromides have been made by adding 
gold chloride to a protein-free filtrate of serum. If bromide is found beyond 
that normally present (0.7 to 1.0 gamma per 100 c.c.), there is a color change 
in the mixture from yellow to brown (or even to browiish red) due to the forma- 
tion of gold bromide, and the depth of color is proportionate to the concentra- 
tion. This reaction is inversely analogous to that which occurs in vivo after 
the ingestion of bromides when the bromide ion is substituted in the body for 
the chloride ion. The gold chloride reaction was first used by IValter.^ Walter s 
method was said to be specific for bromides, but was later shonm to be affected 
by other halogens. Wuth* and Diethelm^ further modified the procedure, 
recommending it for the diagnosis of bromide intoxication. Diethelm used color 
tubes containing sodium bromide treated with gold chloride and trichloracetic 
acid as standards and with them the comparison was made without optical assist- 


ance. 
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Premont-Smith, Dailey, and SloaiP compared Walter’s method with that of 
Toxopeus^ and found that there were large discrepancies in their results. 

Wuth stated in his paper that there was considerable inherent error due to 
the adsorption of bromide by the serum proteins. This, he claimed, was of the 
order of 1 to 2 per cent in concentration of 25 mg. per 100 c.c., and from 11 to 
14 per cent in a concentration of 200 mg. per 100 c.c. Katzenelbogen and Gold- 
smith,'"' who used modifications of the Walter test, experienced difficulty in 
matching the standard gold bromide with that in the serum. They attempted 
to obviate this by adding sodium chloride to the standard solution. 

Without question the gold chloride method determines bromides, but, in 
addition, it may determine other substance as well, and thereby lose one of the 
chief values of a chemical examination, i.e., specificity. 

Yates’" procedure is probably the simplest accurate method which does 
not require equipment beyond the scope of a good clinical laboratorjL A 
protein-free preparation of the matei'ial being analyzed is placed in a nickel 
crucible with 25 per cent potassium hydroxide and evaporated to drjmess. It is 
heated in an oven at 500° C. for twenty minutes, then cooled to 18° C. Sulfuric 
acid is added slowly, followed by a clu'omic-sulfuric acid mixture. Potassium 
iodide and starch solution are added, and the mixture is then aerated for five 
hours. At the end of that time, it is titrated with AV1,000 sodium thiosulfate. 
We have obtained consistent results and excellent recoveries with this method. 


EXPERIMENTAL PROCEDURE 

In the course of routine bromide determinations we have observed that the 
gold bromide reaction is subject to considerable error and, in spite of its 
simplicity, the potential error is enormous. Our experiments were devised to 
ascertain whether the gold chloride method would (1) yield duplicate results 
on the same material, (2) negative results in the absence of bromine, and 
(3) recover added bromides from serum. The effect of varying serum protein 
concentrations and of varying the bi'omide concentrations with respect to 
protein adsorption was also studied. 

The procedure for blood bromide deteminations followed in our experi- 
ments was that suggested by Diethelm, but three quantitations were made on 
each specimen of blood, employing for standard comparison (1) color tubes con- 
taining various dilutions of sodium bromide treated with gold chloride and 
graduated at intervals of 10 mg.; (2) a Bausch & Lomb visual type colorimeter, 
using standard solutions of gold bi’omide containing 1 or 2 mo-, of sodium 
bromide per cubic centimeter according to the expected concentration of bromide 
in the unknown solution, and (3) a photoelcetrie comparator which had been 
standardized with ten solutions of sodium bromide treated with gold chloride. 
Using this apparatus, it was po.s.siblc to refer all bromide concentrations to a 
single standard. The standard .solutions wore cheeked by the method of Yates 
for aeenraey. The mean error in them was ±0.7S per Jent. The bloods were 
filtered after being treated with trieliloraeetie arid to remove proteins There 
were added to tiie filtrates, 0.5 per cent gohl chloride in the proportion of 0 o . 
to each 1 e.e. of filtrate. 
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A series of bloods known to contain increased amounts of bromides were 
examined by the foregoing procedures. The findings were eomiiared to deter- 
mine whether it is possible to obtain duplicate values on the same specimen 
and to learn the error between several methods of comparing unknown con- 
centrations of gold bromide witli standard concentrations. The blood specimens 
were obtained from voluntary subjects of other experiments, who received 
sodium bromide by mouth and no other medication for periods ranging from 
ten days to sk iveeks. Tlic oi'dinarj' diet with customary sodium chloride was 
eaten. Two determinations b.v each method \rere done, and each specimen was 
quantitated by the three methods described. The data from 20 specimens are 
presented in Table I, from which it can be seen that the visual comparison of 
gold chloride treated blood fiitvates with color tubes is accompanied by con- 
siderable error. This is ehtelly due to the impossibiUty of matching colors 
closely by this means, and in part to the fuel that our color tubes i-epresented 
intervals of 10 mg, of bromide, fusing these tubes, closer intervals than 5 mg. 
could not he approximated by the eye. The range of values found by visual 
comparison under .standardized illuininafion was from 20 to 155 mg. per 100 c.c., 
and the average dilference between two dctermination.s on the .same serum was 
19.S per cent. The maximum difference was 37.5 per cent and the minimum was 
in one ea.se 0. 

When a Bausch & Lomb colorimeter was used for comparison, the bromide 
values could be estimated more elosel.r. The I’ange of concentration was from 
21,4 to 156.4 mg, per 100 c.c. A number of specimens could not be matched 
exactly with the standard, appearing to be slightly off-color (Katzenelbogen and 
Goldsmith'^). Tije average difference between two determinations was 6.1 per 
cent, the maximum 19.8 per cent and the minimum 0.4 per cent. Thus the 
use of the colorimeter reduced the error considerably, but the analyst is fre- 
ciuently confronted with bloods in which a comparison is very difficult or im- 
possible even with this optical assistance. Except for the badly matehing fil- 
trates, the difference was 5.5 per cent or less, whicli limit is a considerable error 
for exact chemical cleterminatioms, but is much more acceptable than the values 
obtained by direct visual comparison. 

The use of the photoelectric colorimeter further reduces the variation be- 
tween two determinations on the same blood. The average difference in the 
twenty bloods reported here was 0.7 per cent. The maximum difference was 
2.3 per cent and the minimum was 0. For clinical purposes this instrument 
offers relatively little advantage over the Bausch & Lomb colmfimeter, but it 
entirely eliminates the individual factor in making comparisons; it allows 
reference of all specimens to a single standard and permits manj^ determinations 
to be made in a very short time. 

However, the close agreement between some of these determinatjon.s when 
made by colorimeter may be mi.sleading, .since in many laboratories the only 
criterion for control of a method is that it shall yield comparable rasults on the 
same material. The possibility of chlorides and other substances being de- 
termined along with bromides is not ruled out when such a criterion is used. 
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Witli respect to the use of prepared color tubes for comparison, as in 
Dietlielm’s in'ocedure, it is probable tliat the error would be greater than that 
observed by us, since the intervals recommended are greater than 10 mg. at 
many points. 


IXf’LUEXCE OF .SCBSTAXCE.S OTHER THAX BUOJHDE.S 

A number of bloods were taken from patients who had been hospitalized for 
a long time and who had not received any bromide medication. These were sub- 
jected to the specific qualitative test of Belote,® and a gold chloride determina- 
tion was made. As far as possible bromides were ruled out of the immediate 
past history of these individuals, either from the hospital record or from their 
own statement. Among the 76 bloods examined were several from reliable 
voluntary subjects who disclaimed bromide ingestion for six months or longer 
before the blood was drawn. Of this series no blood gave a positive qualitative 
eosin reaction, but 9 showed from 16 to 53 mg. of bromide by the gold chloride 
method. Two patients took no medication of any sort for four and six months, 
respectively, and the other 7 received various substances. Among the medica- 
tion received by the patients who appeared to have mcrea.sed blood bromides 
wei’c the following substances: cysteine, diphenylhydantoin, liver extract, 
caffeine sodiolienzoate, wine of Bulgarian belladonna, thyroid, pituitary extract, 
and physiologic saline solution. 

It is difficult to explain the positive findings in these cases unless the gold 
chloride reaction is nonspecific. It has been pointed out by Johnson and 
Partlow,® Tod,'® and Katzenelbogen and Czarski" that chloride and iodides 
interfere with the reaction; this may explain the findings in several patients. 
If it i.s true that the gold chloride reaction is nonspecific, levels at which toxic 
symptoms appear must be disregarded, since some of the so-called blood 
"bromides” in many eases may actually be due to nonbromide material. Thus 
the use of the gold chloride reaction to follow the bromide treatment of epileptic 
patients with bromides may be fallacious. 

To corroborate the positive findings in patients with blood bromides who 
iiad not been ingesting bromides, the medication which they had been receiving 
wa.s added to bromine-free blood .sera (1:20,000) and gold chloride tests -were 
made. Diphenylhydantoin, pituitary extract, thyroid, pota.ssium iodide, and 
Lugol’s solution gave negative results by the eosin te.st, but produced sli-i-lit 
degrees of color after gold cliloridc was added. The color produced was not 
adeiiuate for comparison with a standard by a colorimeter, but the observation 
suggests that the gold chloride reaction is nonsiieeifie for bromides. 


AD.SORFTIOX OF BKOMIUES BY BI.OOD 1‘KOTEIXS 

If we a.ssumc that the error which tends to lower the bromide values i.s 
ehietiy due to protein adsorption, it would seem probable that the higher the con- 
ceiilration of proteins in the serum, tSie more ad.sorption would oeeur. Twentv 
hromine-fvec sera to whieh sodium bromide in eonceulrations varviii<r from 
25 mg. i)er 100 e.c. to 600 mg. per 100 e.e. had been added were examined. The 
total serum proteins were detevmiucd by the method of tircenbera;’= tlie bromide 
ccmceiilratiou was delenuuvcd by the Yales method and by the gold elilorid • 
method. ' 
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Table I 

Reproducibility op Results by Bifpekent AIetuods of Co.mparison With Staydap.d 


SPECISIEN 

NO. 

DIRECT COMPARISON WITH 

COLOR TUBES 

BY USE OP BAUSCH & LOMI 
COLORIMETER 

1 BY USE OF PHOTOELECTRIC 
COLORIMETER 

MG. PER 
100 C.C. 

PER CENT 
DIFFERENCE 

MG. PER 

100 ac. 

PER CENT 
DIFFERENCE 

ilG. PER 
100 C.C. 

PER CENT 
DIFFERENCE 

A 3 

70 


74.3 


74.3 



95 

26.3 

76.2 

2.4 

74.7 

0.5 

A 7* 

125 


127.0 


127.4 



150 

20.0 

146.2 

13.1 

127.0 

0.3 

A S 

63 


72.7 


73.4 



SO 

23.3 

73.8 

1.5 

73.9 

0.6 

A 9 

50 


58.1 


58.0 



65 

30.0 

5S.4 

0.5 

58.0 

0 

A 10* 

70 

1 

1 

68.6 


GS.9 



S3 

17.6 

59.8 

12.0 

08.6 

0.4 

A 11* 

120 

i J 

156.4 


141.9 



153 

22.5 

140.0 

10.4 

145.3 

2.3 

A 14 

70 


88.8 


90.1 



90 

22.2 

92.4 

3.3 

90.1 

0 

A 16 

70 


63.4 


59.0 



OD 

21.4 

59.9 

5.5 

60.1 

0.3 

A 21 

75 


87.8 


83.2 



90 

10.6 

84.3 

3.9 

83.7 

0.5 

A 29* 

90 


125.3 


106.9 



110 

IS.l 

107.0 

14.0 

106.9 

0 

A 30 

115 


136.3 


136.3 



135 

14.4 

130.0 

4.6 

139.2 

2.0 

A 31 

115 


119.0 


117.4 



140 

17.S 

116.3 

1.3 

IIS.O 

0.5 

B 13 

55 


55.4 


55.2 



05 

15.4 

57.8 

4.1 

55.4 

0.4 

B 14 

70 


67.2 


66.2 



70 

0 

66.1 

1.6 

66.6 

0.6 

B 15 

SO 


98.4 


95.9 


110 

37.5 

98.6 

5.3 

96.3 

0.4 

B 16 

20 , 


21.4 


22.4 



30 

33.3 

26.7 

19.8 

22.9 

2.0 

B 41 

45 


47.4 


47.6 



00 

IS.l 

48.3 

1.0 

48.1 

1.0 

B 43 

so 


87.6 


89.3 


95 

15.7 

88.0 

0.4 

90.1 

0.8 

B 44 

100 


103.3 


102.4 


105 

4.7 

105.7 

1.1 

103.1 

0.6 

B 43* 

SO 


129.0 


111.6 


115 

21.7 

112.4 

14.2 

110.6 

O.S 

Average per cent 

19.8 


6.1 


0.7 


•These bloods could not be matched easily with standard. 
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It was found that the protein concenti’ation has little relation to the amount 
of bromide recovered, since the values were almost evenly distributed with re- 
spect to the mean protein value and the mean bromide reeoveiy value. 

When recovery values were plotted against bromide concentration, it 
appeared that the higher the concentration the lower was the recovery of 
bromides from serum by the gold chloride method. Thus, it could seem that 
the error is greatest when exact information is most important due to the 
critical implications of high bromide values. No marked effect on the gold 
chloride method was observed by altering the acidity of either unknown or 
standard solutions within the limits which might be expected in the course of an 
ordinary determination. 

DLSCU.SSIOX 

The use of methods which give only an inaccurate estimate of the bromine 
concentration is unfortunate. The gold chloride method is not accurate, and 
its use for the initial diagnosis of intoxications may be adequate, but a simple, 
accurate method is needed for use in prognosis and in following treatment. It 
must be employed before an attempt to correlate the symptomatologj’^ with blood 
concentrations in bromide intoxication can be made. 

This oversight may lead to moi’e serious confusion thau already exists. 
As a medicolegal test the value of the gold chloride method would be seriously 
questioned but the failure to consider individual variations in the ability to 
handle bromides is possibly more serious than the inaccuracies of the method. 
The danger of confusing bromide intoxications with other conditions has been 
pointed out frequently, but no one has expressed concern over confusing other 
stuporous conditions with bromide intoxication and administering large amounts 
of salt. We should consider the folly of giving 20 Gm. of salt daily to a per- 
son who has suffered head trauma and who has taken bromides to relieve the 
pain of a concussion or a subdural hemorrhage, or to one who is suffering from 
coma of renal origin. Elevated bromide contents in the blood are often foxmd 
superimposed upon more serious conditions resulting from entirety different 
etiology. 

In dealing with conditions in which bi’omides are represented, the determi- 
nation of urine and blood chlorides, along with bromides, is a far better indica- 
tion of the progi-ess of treatment or of the validity of a diagnosis of bromide 
intoxication than isolated blood bromide determinations, but the clinical condi- 
tion of the patient is more important than any laboratory finding. It is not 
our belief that blood bromide determinations should be abandoned, but rather 
that more accurate methods should be employed and that the limitations of 
laboratory findings .should be recognized. 

SUMM.VRY 

Blood bromide concentrations are usually determined by a reaction in which 
gold chloride is added to a protein-free filtrate of .serum, and the resulting 
colored substaiiee is compared with (luantilative standards. iMost of the exact 
bromide methods are diflienlt and are beyond the scope of hosjjital and eliiik-d 
laboratories. The gold chloride method has heeii examined eriticallv and 
sources of error are deserihed. It is po.s.sihle to obtain almost duplicate 'results 
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with some modifications of this method, but this is misleading, since it causes 
unwarranted faith to be placed in the results regardless of other sources of error. 
The use of a colorimeter can reduce the error considerablj", but it has been our 
experience that it is appreciable. The reaction is probablj" not specific for 
bromides, since other chemically unrelated substances maj' cause a positive 
reaction. The concentration of blood bromides appears to be more important 
than the serum-protein concentration as a source of error. There have been 
reported anomalous findings of persons with extremely high blood bromides 
who showed no toxic sj'mptoms, and of others who have demonstrated extreme 
bromide intoxication while the blood bromide was low, which maj' be related 
to the method used. The comparison of chloride and bromide levels in blood 
and urine is more valuable than isolated determinations of the blood bromide. 
Such data should be used as presumptive evidence. The clinical condition of 
the patient is a more valuable diagnostic and therapeutic index. 
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STUDIES ON MBLANURIA^- 


Stephen' Rothman*, M.D., Chicago, III. 


M ELANURIA usually occurs in the final metastasizing stage of malignant 
melanomas. In the urine a colorless or light-colored precursor of melanin, 
a water-soluble melanogen or chromogen, is excreted which in the presence of 
oxygen is readily transformed into the dark melanin precipitate. The usual 
laboratory tests to detect melanuria are based on this fact. An oxidizing agent 
is added to the urine, and the subsefpient darkening is taken as a sign of 
melanuria. The recommended oxidizing agent is ferric chloride. As a second 
test bromine water is used, ilost biochemical and clinical laboratory manuals 
and textbooks do not mention tests other than those for detection of melanin 
precursors. These tests, however, are neither sensitive nor specific, and they 
yield highly confusing and inconsistent results, as pointed out by Blackberg and 
Wanger in 1933.^ Ferric chloride may form dark brown precipitates in normal 
urines if they are alkaline, and falsely positive results also can be obtained if 
drugs are excreted in the urine. Furthermore, these tests are hardly more sensi- 
tive reactions than the simple darkening of the urine exposed to air. 

And yet, more sensitive and more specific (jualitative chemical' tests for 
the detection of melanogen have been known since 1887. In that year 
Thormahlen^ described the reaction which has been named after him, and which 
in our laboratory was found to be about 50 limes as sensitive as the oxidation 
tests. So far the Thormahlen test has never been found to be positive in the 
urine in any condition other than melanuria. 

This test is performed in a manner similar to the Legal test for acetone 
although it has no relation to it. A few drops of diluted solution of sodium 
nitroprusside are added to 3 to 5 c.c. of the urine, and then a few drops of a 
strong alkali solution. In our experience 10 per cent sodium hydroxide solution 
is the best alkalizing agent, lietter than ammonia or caustic soda. By alkaliniza- 
tion a deep ruby color results. This color is not characteristic for the melanogen 
It is also formed by acetone and Iiy creatinine. But if one acidifies with "lacial 
acetic acid an azure blue color immediately appears which is specific for the 
melanogen. By addition of glacial acetic acid acetone turns deeper red- 
creatinine becomes yellow, then .slowly green, and finally blue. Of course 
Thormahlen ’s test can be considered po.sitive only if, through acidification, the 
color suddenly changes to blue. 

Another even more sensitive, but less specific, te.st is Ehrlich’s aldehyde 
reaction, which is known as the urobilinogen te.st. There is evidence that ‘the 
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positive Eiirlicii reaction in melanuria is not due to tlie simultaneous presence 
of urobilinogen. The urobilinogen reaction disappears from, the urine after 
its exiiosure to air for a short time (maximum after tivo hours), whereas in 
melanuria the test remains positive as long as does the Thormiihlen test, usually 
for several days. In fractionating the urine by different precipitation methods, 
the Ehrlich test is positiv.e in those fractions which contain the melanogen, and 
negative in the others. Even preparations of melanogen ivliich are purified 
chemically to a high degree are Ehrlich positive.^ 

The Ehrlich test was found in our laboratory to be about twice as sensitive 
as the Thormahlen test. Therefore, melanogen may be detected with Ehrlich’s 
reagent when the Thormahlen reaction is still negative. However, in such a ease 
the Ehrlich reaction as an indication of the presence of melanogen must be 
verified bj' concentrating the urine and then demonstrating a positive 
Thormahlen test. In any ease, the positivity of both reactions indicates the 
presence of melanogen with absolute certainty. 


HO 


CHo-CHNHj'COOH + Tyrosinase 
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CHa 

CH-COOH 
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5 — 6 dihydroxy— Indole — 

2 — carboxylic acid 

jPig. 1. — Formation of melanin precursors (Raper*). 


CH 


CH 


+ CO2 


5 — 6 dihydro.xy — Indole — 
(nucleus of the melanogoi:) 


It has been known for a long time that Thormahlen ’s reaction is given only 
by indole and its derivatives. However, the origin of the indole compounds in 
the melanotic urine was not understood until Raper^ in Ids fundamental work 
traced step by step the chemistry of melanin formation from tyrosine. Before 
that it was an accepted assumption that the source of the Thoimiililen sub- 
stance” is tryptophan as the only natural indole compound in the protoplasm.’’ 
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Rapcr presented evidence that indole derivatives are formed from tyrosine in 
the course of melanin formation, and it seems today that the only source of 
melanin pigment in the whole animal world is tyrosine. 

In tlie course of o.xidation of tyrosine to melanin bj' tyrosinase^ or by ultra- 
violet light''’’ • the first step is the formation of dihydroxyphenylalanine, or by 
abbreviation “dopa” (Fig. 1). The next step is the formation of a ring by the 
alanin side chain so that an indole nucleus results which is a condensed benzene 
and pyrrole ring. In 1935 Linnel and Raper^ presented strong supporting evi- 
dence that the melanogen is the monopotassium salt of 5-6 dihydroxy-indole. In 
acknowledging the findings of Raper it became easy to undei-stand that in addi- 
tion to the indole derivatives, catechol compounds also (derivatives of dopa) 
were found as melanin precursors in melanotic urine.®’ ® 


EXPERIMEXTAL 


ilost experiments were carried out with the urine of a 67-year-old patient 
from the service of Dr. George F. Dick. The patient presented the usual history 
of persons suffering from malignant melanomas. His left eye had been 
enucleated one year ago. He was admitted, very ill with jaundice and liver 
enlargement. His urine had been dark for several weeks. Only about three 
liters of this patient’s urine could be collected since he was suffering from in- 
continence, and the daily urine obtained averaged 300 c.e. daily for ten days, 
after which time he died. Permission for autopsy was not obtained. 

One ui’ine specimen of another patient with a similar history was supplied 
by Dr, M. H. Ebert from the Rush Medical School, Chicago. This specimen 
amounted to only 70 c.c. 

The material was first used for estimatmg the sensitivity of the different 
melanogen tests. This estimation was carried out by serial dilution of the urine 
with water and estimation of the threshold dilutions at which the reactions 
became negative. As mentioned in the introductory remarks, it was found that 
Thormahlen’s test was 50 times, and the Ehrlich test was 100 times, as sensitive 
as the ferric chloride test. 

The material was used for answering two other clinically important ques- 
tions; (1) Whether by simple methods the melanogen can be differentiated 
from indole and indiean; and (2) whether the melanogen ean be concentrated 
by fractionation of the urine so that smaller amounts may be detected in the 
fraction than is possible in the whole urine. 


1. The qualitative chemical differentiation of the melanogen, indole and 
indiean was possible by applying the common laboratory tests for indole deriva- 
tives. As shown in Table I it was found that urine containing large amounts of 
indiean does not give the Thormahlen, Ehrlich, and Herter indole reactions and 
vice versa. The melanogen does not react with Obermayer ’s and with Jolles’ 
reagents. Indole itself displays the same color reactions as the melanogen 
but with one remarkable exception: Herter ’s reaction most sensitive for indole 
is negative in the melanotic urine. This is an e.xpedient to differentiate indole 
from the melanogen. 


by 


2. Concentration of melanotic urine for clinical 
Blackberg and Wanger,* but their method was 


purposes was carried out 
based on the oxidation of 
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melauogen to melanin and not on tlie sensitive color reactions of indole. Frac- 
tiojiations for purposes of cJieinieal identification of the molanogen were made 
by several autliors.^’ 

Testing all recommended methods of fractionation we found that the 
simplest and most effective metliod was precipitation with lead acetate. 

Table I 


Qualitative Color Tests op Ikdole and Its Dekiv.vtives Occurring i.v the Urise 


TEST 1 

IXDOEE 

INDICAX 

aiEL-YXOGEX 

Herter’s naphthoquinone test i 

+ 


- 

Ehrlich’s aldeliyde test 

+ 

_ 

4- 

Thonniililen ’s test 1 

X 

— 

+ 

Nitroso-iudole test I 

+ 

— 

+ 

OberniaA-er ’s test I 

— 


— 

Jolles’ test 1 

- 

+ 

! 


The fresh urine was acidified with acetic acid to a pH of about 4.5, and 
lead acetate was added. The precipitate containing phosphates and sulfates 
was discarded. The clear filtrate, then, contained the total amount of melanogen. 
If this filtrate was alkalinized with ammonia to about pH S, the newly formed 
lead precipitate took doAvn most of the melanogen. After sharp centrifugation 
and separation from the supernatant fluid, tlie precipitate was ground up in 
small amounts of water. The suspension avos decomposed by introduction of 
hydrogen sulfide. The precipitated lead sulfide Avas removed by filtration; the 
excess hydrogen sulfide by cautious heating. Tlie clear yelloAV filtrate contained 
three to ten times as mucli nielauogen as the original urine had in tlie same 
volume. 

ADDITIOXAL OBSERALVTIOXS 

1. In the fractions obtained by precipitation AvitJi lead acetate the nielano- 
gen proved to be much more stable than in the original urine. PositiAT 
Thorraahlen and Bludieh reactions could be demonstrated in these fractions after 
the samples Avere refrigei’ated in the dark for four months, covered Avith a cork 
stopper only, unprotected against oxidation. Obviously this stability of the 
melanogen Avas not due to the acidity of the fractions (pH 5) because an eA-en 
better protection of the melanogen Avas obtained Avith barium hydroxide in 
slightly alkaline medium.'” It seems rather that an.v kind of fractionation, con- 
sisting of rough chemical procedures, remoA'es or inactiA-ates a component of 
the urine Avhich accelerates the oxidation of melanogen to melanin. It may be 
assumed that this factor is the enzyme of melanin formation Avhieh is present 
in pigmentary malignant tumors”- and Avhich could be spilled over in the 
urine together Avith the melanogen. 

2. Dr. P. K Oldham, of the Department of PliarmacoIog.A', using hypo- 
physeetomized frogs as test objects, demonstrated melanophore actiAfity in our 
melanotic urine samples. Earlier experiments Avith similar results Avere carried 
out on animals Avhicli Avere not hypophysectomized.'^- ” HoAi-CA-er, this assay is 
reliable on hypophyseetomized frogs or fishes only.'® Eoughly concentrated 
fractions of the melanotic urine had no daikening efiect on the h^pophjsec- 
tomized frog. 
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3 Tlie originally light yellowish acid urine fractions with high melanogen 

Hip red substance in melanotic urine was made in IJrfb. , , , 

Chemical and spectrographic analysis of the red pigment 
showed that it is similar to the acM-solidile 

described by Arnow in 1938,^^ hut is not identical with it. The detailed lesu 
of these experiments will he described elsewhere. 


DISCUSSION 

The fact that melanogen does not show indicaii reactions and that mdican 
does not give positive indole reactions is in accord with the statement of Bolim. 
In 1939 Bohm, in a different way, reached the conclusion that indigo blue foima- 
tion on which the indican tests are based, occurs only in those mdole derivatives 
which have substituted C atoms on the pyrrole ring so that thej^can react there. 
The 5-6 dihydroxy-indole compound of Eaper can react on the fifth and sixth C 
atom of the benzene ring but not on the pyrrole ring, and, therefore, does not 
vield indigo blue on oxidation (Fig. 2) . 


COH 



HO 


HO 


CH 


CH 


Indoxyl 

Type of pyrrole — substituted 

indole derivatives 
(positive indigo — ^blue reactions) 


NH 

Nucleus of the melanogen (Raper) 
Type of benzene — substituted 
indole derivatives 
(positive indole reactions) 


Fig. 


The unexpectedly negative Herter reaction of the melanogen which we 

obtained has not been previously reported. 

By the concentration method described above, the test for melanuria has 
been rendered up to ten times as sensitive as is the Thormiihlen test and up to 
500 times as sensitive as is the ferric chloride test in the original urine. It seems 
probable that the diagnosis of melanuria can be made considerably earlier in 
this way. 

It has been claimed*’ “ that the urine becomes dark only after the liver has 
been involved to a considerable degree in the metastatic process so that a func- 
tional insufficiency of the liver results. If this were true, if the melanuria in- 
dicated marked liver damage rather than growth of melanotic tumors anyu’here 
in the body, there would be little hope of discovering the melanuria in an early 
state by concentration methods. However, there is strong evidence against this 
theorv. By feeding indole derivatives which are not substituted on the pyrrole 
ring to normal animals and normal human beings, melanuria can be easily pro- 
voked, which is chemically identical with pathologic melanuria following malig- 
nant ])igmcntary growth.'* Thus melanuria can be provoked in normal or- 
ganisms without actual liver damage. It .seems that melanuria depends only on 
the amount of melanogen present in the body. If this amount exceeds the 
thre.shold, cither as a result of feeding or as a result of the metabolic process 
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in the tumor, inelanogen is excreted tlirougli tlie kidneys. Tiiere is no reason 
to assume that exceeding of the tiireshoid occurs suddeniy with spiiling over of 
large amomits of melauogeu from tlie beginning. It is more probable that 
there is a gradual overstepping of tlie tlireshold similar to the ease of glycosui'ia 
or indicanuria. In this case ‘‘latent melanuda” may precede macroscopically 
obvious melanuria by weeks or months. Therefore, in patients who are thought 
to have melanotic tumors, the concentration method as described above might 
be useful for an early diagnosis. 


SUJIIIARY 

1. The melanogen of melanotic urine can be dift’erentiated from other indole 
compounds occurring in the arine by simple qualitativ'c chemical tests. 

2. By the use of Thormalden’s and Ehrlich’s reactions in a urine suitably 
concentrated, the test for melanuria can be x-cndered 500 times as sensitive as 
it is with the ferric chloride test in the original urine. 

3. By rough chemical fractionation the melanogen becomes more stable than 
it was in the original urine. 

4. The melanotic lU'ine has melanophore activity which disappeai's after 
rough chemical treatment. 

5. Tlie red pigment formed in melanotic urine after acidification and the 
pigment of human red iiair have similar properties. 


REFERENCES 


1. Blackberg, S, IC., aad tVanger, J. O.; Melanuria, J. A. H. A. 100: 334, 1933. 

2. Thormaiileii, J.: Mitteiluug iiber einen nock nicht bekannten KBrper im patliologischen 

Hensehenliarn, A^rchows Arch, f, path. Anat. 108: 17, 1SS7. 

3. Linnel, L., and Haper, H. S.: The Chromogen of Melanuria, Biochem. J. 29: 7(5, 1933. 

4. Baper, H. S. : Some Problems of Tyrosine Jletaboiism, J. Chem. Soc., Part I, p. 125, 1938. 

5. Eppjuger, H..' Ueber Melamirie, Biochem. Ztschr. 28: ISl, 1910. 

6. Arnow, L. E. : The Formation of Dopa by E.Kposure of Tyrosine Solutions to Ultrariolet 

Badiation, J. Biol. Chcni. 120; 151, 1937. 

7. Rothman, S.: Oxidation of Tyrosine by Ultraviolet Light in Its Eolation to Human pig- 

mentation, Pros. Sac. Exper. Biol. & Med. 44: 4S5, 1940. 

8. Thannliauser, S. J., and Weiss, S.: Uber das Melanogen bei melauotisehen Tmaorea uad 

seinen Zusamineuhang mit der nornialen Pigmentbildung, A’^erhandl. d. deutscli. 
Gesellscli. f. inn. Med. 34: 15(5, 1922. 

9. Barrenscheen, H. K., and Prinz, H.: Ueber Melanogen und Melanin, Biochem. Ztschr. 

285; 130, 1936. 

10. Zeyneb, R., and Waeiseh, H.: Studien iiber die Tiiormahlensehe Beaktion aieiaaotischer 

Harne, Ztschr. f. physio). Cheni. 244: 159, 1936. 

11. Becker, S. AV.: Melanotic Heopl.asms of the Skin, Am. J. Cancer 27: 17, 1934. 

12. Miescher, G.: Melanora, Jadassohn’s Handb. d. Haut- u. Geschlechtskr. 12; part 3, p. 

1007, 1933. 

13. Ferguson, R. S., Smith, G. M., and Burr, H, S.: A Study of the Effects of Intermedin 

and Injury of the Hypophysis on Traumatic Corial Melanophores in Gold Fislies, 
Endocrinology 19: 409, 1935. 

14. Astwood, E. B., and Geschiekter, C. F.: The Pigmentary Sesponso in Phoxinus laevis. 

The Effect of Blood From a Patient With Melanosarcoma, Am. J. Cancer 27; 493, 


15 Teague, E. S., Noojin, B. O., and Geihng, E. M. H.: The , , Prog (Bana 

pipiens) as a Speeifie Test Object for Melanophore uitary Body, 

J. Pharmacol. & Exper. TUerap. 65: 115, 1939. 

16 Brandi J. and Pfeiffer, L.: Beitrag zur Kenntniss des Farbstoffes nielanotiseUer 

Sarkome nebst Bemerkuagen iiber einige Eigenschaften der sogenannten melanogenen 
Substanz im Ham, Ztschr. f. Biol. 26: 348, ISM. „ . ^ 

17. Amow, L. E.; The Acid-solub!e Pigment of Red Human H.air, Biochem. J. 32; 1281, 

1938 

18 Bbhm F.’; Beitrag znr Kennfnis der Tliormalilenschen Beaktion, Ztschr. f. physiol. 
Chem. 258: lOS” 1939. 



A RAPID METHOD FOB THE DETERMINATION OP SEBUM 

PROTEIN^ 


R. A. jMoktexsex, Ph.D., LoiiA Lixda, Caeik. 


M ANT indirect methods, desij^ncd to replace the time-consuming Kjeldahl 
procedure, have been proposed ior the determination of serum protein, 
T))ese have been reviewed by Peters and Van Slyke,' who conclude that the 
specific gravity method is the most reliable. This makes use of the linear rela- 
tionship which exists between the specific gravity of the plasma or serum and 
the total protein content. The existence of such a relationship for human 
plasma was first demonstrated by Moore and Van Slyke.^ M^'ceeh, Eeeve.s, and 
GoettsclP then used dog’s serum and found an even closer correlation, Kagan'* 
examined specimens of human serum and derived an empirical relatiomship 
differing only slightly from those previously reported. 

For determining the specific gravity, iloore and Van Slyke used a small 
pyknometer and an analytical balance. The falling-drop technique of Barbour 
and Hamilton,'* developed previously, offers the advantage of being rapid as well 
as accurate; but the apparatus is relatively complex, and considerable e.xperi- 
mental skill is required for its operation. Bing” described a metliod in -whieh 
serum is diluted with measured amounts of 0.9 per cent sodium chloride until 
it acquires a specific gravity corresponding to 3.0 per cent protein, as indicated 
by an accurately adjusted float in the form of a glass head. Instead of a 
single head Simeone and Sarris" employed twenty-one glass heads made at 
random in large numbers and carefully selected according to their densities so 
as to foi-m a graded series covering the range of serum protein values. In use, 
these heads were immersed in the serum, one at a time, until a head was found 
with a specific gravity approximately equal to that of the serum. 

The present paper describes a specific gravity method for the determination 
of serum protein which is both vapid and accurate. The essential apparatu.s 
consists of a single article of glassware of relatively small dimensions which 
can be calibrated to read directly in eitlier specific gravity or protein content 
Only ordinai’v glass-blowing skill is required for its construction. 

METHOD 

The apparatus consists of a specially constructed pipette (Pig. Ih), con- 
taining two hollow glass beads. One bead is slightly lighter and the other Is 
slightly heavier than the range of sera to be examined. In use, the pipette is 
filled with serum and placed in an upright position, tlje beads coming to rest 
at points k and k'. It is then closed and inverted by rotating ISO^de-a-ees 
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After mveTsmi the lighter bead will move upward iviiiie the Jieavier one de- 
scends, tlie ensuing collision occurring at a point which is determined primarily 
by the specific gravity' of the liquid contained in the pipette. By observing 
the position of this ])oiut with reference to a properly calibrated scale engraved 
on the tube (Fig. Id), the specific gravity of auj- sample falling within the 
range covered by the beads can be found. 

In filling the pipette it is convenient to use a suction tube, into which a 
snugly fitting solid glass bead has been inserted. Using tiic bead as a valve 
in the usual way, tlie liquid can, with ea.se, be drawn up into the pipette and 
retained while a rubber hand is stretched over the tip. The suction tube is then 
removed and the closure is completed after the manner of blood pipettes. The 
trap, is designed to catch air bubbles. The form shown in Fig, la does not 
require a rubber band, and air bubbles, if jjresent, are removed through one of 
the stopeoclrs. In use, this type of pipette is not filled completely; a small 
amount of air is left in the ca 2 )il]ary below the upper stopcock in order to per- 
mit expansion of the liquid. The capillary must have sufficient length to serve 
this purpose. 

Rotation of the pipette is facilitated by use of a holder, arranged so that 
it may be turned through ISO degrees in a vertical plane. This consists of a 
light metal frame provided with a spring clip for holding the pipette, and is 
mounted on a horizontal axle, which in turn is supported on a base equipped 
with leveling sereivs. Movement of the frame is limited to ISO degrees by means 
of stops. For ordinary measurements, howei'er, satisfactory results are obtained 
simply by inverting the pipette while it is held in the hands. 

No particular size of pipette is required. Capacities of 1 or 2 c.c. have been 
found to be satisfactory. The bulb is made of standard wall tubing having an 
internal diameter of about 4 mm. and a length of SO mm. in the case of the 
1 c.c. pipette, and 5 mm. and 100 mm, for the laiger size. TJie capillary stems 
have a bore of approximatelj^ 1 mm., with the e.vception of the portion immedi- 
ately below the trap, which is blown out to about twice this size in order to per- 
mit freer passage of air bubbles into tlie trap. TJie diameter of the beads is 
somewhat less than one-half that of the tube in which they are enclosed. It is 
well to have them as nearlj' equal in size as possible. This is accomplished by 
preparing a number of beads and matching them according to size witJi the aid 
of a low-power microscope provided with a miei’ometer eyepiece. 

The beads are bloum from tbin-walled, capillary, prrex tubing. The desired 
density is obtained by collecting a small lump of glass on one end and grinding 
off a little at a time until the bead neither sinks nor rises rapidly when placed 
in a solution of potassium sulfate of predetermined specific gravity. It is then 
z'eturned to the flame where the remaining portion of the lump is fused into the 
main body of the bead. When made in this way, a bead will, in general, have 
a thick wall at one end; but this is not detrimental to its usefulness. Pinal 
adjustment, if necessary, may be made by grinding the thick end. The ground 
area is fire-polished in a small flame at a relatively low temperature. This pro- 
cedure not only gives a much higher yield of useful heads than mere random 
methods, hut also results in a considerable saving in time. 
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The walls of the tube are indented at h and k' by heating the glass in spots 
120 degrees apart, and pushing inward with a thin brass tool. These indenta- 
tions provide seats in which the beads are brought to rest in the center of the 
tube. Considerable care is required in making them so as to reduce the area 
of contact to a minimum, and also to allow sufficient space for the liquid to 
pass freely around the bead at the beginning of an excursion. 



Fig. 1. — Speciflc gravity pipettes, a, A\ ith .stopcocks; b, for rubber batul 
verteU, showing displacement of glass beads; <1, graduated to read in .speSfle gravRv*^ 
representing second and third decimal places. Reading shown is 1.0'’68 corresnomu’., “sures 
serum protein content of G.8 per cent, e. Scale for pipette (cl) reading directufm n??!?.!!!^ ‘i 
protein; /. direct reading protein scale constructed ^om ^fibration curv 


THEORY 


^Yhen a small sphere falls under the action of gravity throu'di 
fluid, the resistance increases with increasing rate of fall until it is 


a viscous 
equal and 
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opposite to the effect of gravity. Thenceforth, it has a constant velocity, for 
there is no resultant force acting upon it. This velocity is given by the well- 
knomi Stokes’ law as 


2g (d-D) 
9v 


( 1 ) 


where <Z is the densitj' of the spliere, D tlie density of the fluid, j; the coefficient 
of viscosity of the fluid, and a the radius of the sphere. 

Stokes’ law as given applies only to a spherical bod}" falling through a 
fluid of infinite extension, but the velocity of a small sphere falling axially 
through a viscous liquid in a cylindrical lube may be expressed by the modified 
form 

V = (2) 

K being a numerical constant for a particular tube. Then, replacing the 
velocity by its equivalent S/t, where S represents tlie distance traversed in the 
time, t, and applying the resulting formula to the motion of each bead in turn, 
two equations are obtained which may be combined to give the relation 


Si _ K. 

S, “ ^ d,-D 


(3) 


where 8,^ and 8^ are the distances traveled at constant velocity before collision 
by the light and heavy bead, respectively, and and do are their densities. The 
value of K' is constant for a given apparatus, and is equal to unity when the 
tu'o beads have the same effective radius. Smee both beads are accelerated 
at the start in the same maimer and reach their limiting velocities within a 
comparatively short distance, Si and 8. may be taken to represent the entire 
distances traversed without introducing significant error. 

An exact expression should take account of the repellent force exerted 
by one bead upon the other as the point of collision is approached. It can be 
shown that both are affected by this factor to the same extent only when their 
velocities are equal. Another factor is the “end effect,” i.e., the effect of the 
ends of the tube on the velocity. The complete analysis, however, presents an 
involved problem in hydrodynamics. 

Although formula (3) is obtained b}" an approximate treatment, it is 
sufficiently accurate to be used for purposes of calibration. It was tested in an 
extended series of experiments using matched beads of vax-ious sizes and densities 
in solutions of potassium sulfate as well as in serum, and found to hold, within 
rather narrow limits, over a wide range of fluid specific gravities. Typical 
results are shown in Fig. 2. It will be seen that the greatest deviations occur in 
the ease of extreme values. None is of sufficient magnitude, however, to be of 
practical importance. It may be said that the accuracy with which the equation 
fits experimental values justifies the assumptions used in its derivation. 


GALIBB.ATION 

If the densities of the beads are loiown, a pipette may be calibrated by 
taking a single collision point reading on serum or a salt solution of known 
specific gravity. The reading should fall near the midpoint of the bulb, since 
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ill this case eiTors oi! reading' and inaccuracies in the torinula will have a 
minimum effect. The beads arc most conveniently calibrated, before being 
sealed in, by matching them with solutions of potassium sulfate and subse- 
(luently determining the specific gravities of the solutions with a pyknometer. 
^Yith di and ck thus found together with values for S, and So, the constant, K, 
in equation (3) is computed. Having evaluated K, it is possible to calculate the 
distances, S^ and S^, for any specific gravity lying within the range of the 
beads. 



Fig. 2. — Typical calibration curve. Headings represent di.stance. Si, traversed by light 
bead. Curve was drawn from points computed by equation (3) from bead densities and one 
collision point reading. Crosses Indicate solutlon.s of potassium sulfate; circles denote serum 
modided by dilution or evaporation. 

A more direct method of calibration may be used in which collision point 
readings are taken on a series of standard solutions. Bach point is marked 
with ink or a sharp wax pencil, and its distance, from the end of the bulb is 
measured by direct comparison with a millimeter scale. The specific gravities of 
the solutions are then plotted accurately on coordinate paper against the read- 
ings, Sj, and a smooth curve is drawn through the points. For ordinary work 
a curve based on four or five well-spaced points should suffice. 

The two methods are compared in Pig. 2. It may be pointed out that the 
first method does not require the drawing of a curve. Kegardless of which 
method is followed, a scale Ls readily constructed to read directly in specific 
gravity (Fig. Id). Calibration in terms of percentage of protein is made with 
the aid ol tlie empirical formula of AVeech, and eo-workers.^ Integral protein 
percentages arc substituted in the formula, and the corresponding .specific 
gravities are calculated. The latter may be used in eitlier of tlie fore-min" 
methods for preparing a direct reading scale such as shown in Pig. le ° 
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TEJIPERATURE CORRECTION 

In order to determine tlie influence of temperature, a pipette calibrated at 
20° C. was filled with human serum and placed in a tliermostatically controlled 
water bath so arranged that anj' predetermined temperature could be main- 
tained within one-twentieth degree. Specific gravity readings were taken at 
intervals of five degrees, from 15° to 35°, with results as shown in Table I. 
AVithin the limits of experimental error the readings follow the thermal expan- 
sion of serum, indicating that tlie change in density of the serum is the only 
important factor involved. The expansion of the pyrex glass beads is about 
one-twenty-fifth that of serum and may be disregarded in dealing with a rela- 
tively narrow temperature range. 


Table I 

Eepect op Tempekatore o.v Pipette Beadixg 


TE-AIPERATURE, °C. 

SPECIFIC GUAVITV 

PROTEiy 

(CKASrS PER 100 CX.) 

15 


8.3 

20 

1.0300 

7.9 

25 

1.02SS 

7.5 

30 

1.0274 

7.0 

3a 

1.0238 

(3.4 


It follows that a pipette which is calibrated at 20° C. and used at a tempera- 
ture, t°, will read in specific gravit 3 ' at t°/20° C. Between 20° and 30° the 
change in serum specific gravity averages about 0.00025 per degree centigrade. 
A reading taken witliin this temperature range maj’ be reduced to specific 
gravity 20°/20° C. by adding 0.00025 to the observed specific gravity for each 
degree centigi’ade above 20. Such correction is accurate within one unit in the 
fourth decimal place. For clinical purposes an approximate correction may be 
applied by adding 0.1 to the jicrcentage of protein for each degree rise in tem- 
perature. 

RESULTS 

In order to test the accuraev as well as the clinical practicability of the 
method, measurements were carried out on a large number of serum specimens, 
and the results were compared with those obtained bj' the pjdiiiometer and 
falling-drop methods. A 2 c.e. pyknometer of the Nicol type provided with a 
graduated stem was used. This Avas found to be superior to the specific gravity 
bottle of Moore and A^'an Slyke- in accuracy, and ease of filling and cleaning. 
The falling-drop method followed the technique described by Barbour and 
Hamilton.® The blood samples were obtained by venepuncture from patients 
selected in most cases because thej* Avere knoAvn or believed to have abnormalities 
in their serum proteins. Typical results are summarized in Table II. Total 
protein estimations by the maero-Kjeldahl method are included for comparison. 

Undoubtedly the pj-knometer method is the most reliable one aAmilable for 
the determination of specific graAuty. The average difference betAveen the 
results obtained by the pyknometer and the specific gravity pipette is less than 
0 0002. In the case of the falling-drop method the average difference is sub- 
stantially the same, indicating that the method described here compares favor- 
ablj^ in aeeuraej^ Avith the falling-drop technique. 
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The results obtained in the case of specimen No. 4 are of special interest. 
Kepeated trials by the falling-drop method gave low values with a rather large 
variation among the individual determinations. This specimen was ehar- 
acterized by a eholesterol content of over 850 mg. per 100 c.c., 33 per cent of 
which was present in the form of the ester. Whether or not the failure to obtain 
satisfactory results can be ascribed to the unusually high content of these con- 
stituents was not ascertained. However, no difficulty was experienced with the 
specific gravity pipette. 

Table II 


CoJiPARisox OF Eesults Obtained by the Specific Gilivity Pipette With Those Obtained 

BY Other Methods 


SPECIMEN 

specific GRAVITY 

PROTEIN (GRAMS PER 100 C.C.) 

PYKKOMETER 

FALLING DROP 

PIPETTE 

PIPETTE 

KJELDAHL 

1 

1.0187 

■■ if 



3.97 

2 

1.0203 



4.57 

4.61 

3 


SbS!^B 

^^B|R 1 ^^B 

4.61 

4.73 

4 


^B T 


4.68 

4.96 

5 

1.0222 




5.50 

6 

1.0234 

^B 

1.0233 

5.58 

5.68 

7 

1.0261 




6.62 

8 

1.0280 




7.43 

9 




8.30 

8.21 

10 


1.0330 

1.0336 

9.18 

9.01 


DISCUSSIOX 

Once the apparatus has been eonsti’ueted and calibrated, the determination 
of serum specific gravity and total protein content becomes a matter of extreme 
simplicity. In making a determination it is necessary merely to fill the pipette, 
stretch a rubber band over the ends, invert it, and take the reading. In fact, a 
fair degree of accuracy can be obtained simply by inverting the pipette while 
it is attached to a rubber suction tube provided with a glass bead valve, thus 
dispensing with the use of a rubber band. For the greatest accuracy the use of 
the rotating holder is advised. 

The pipette is cleaned and dried quickly by drawing water through it, fol- 
lowed by alcohol, ether, and air. 

It is important to know the temperature at which a measurement is made. 
Ordinarily the reading of a thermometer placed near the apparatus is sufficient. 
In order to avoid warming the liquid, the pipette should be handled only by 
the capillary stems at points well removed from the bulb. 

Certain other precautions should also be observed. Rotation must be 
carried out at such a rate that the beads will be kept in place by centrifimal 
force and yet not be thrown out of position as the inverted pipette is brought 
to rest. On account of the viscosity of serum this operation is not particularly 
critical and can lie learned by a few trials. The most serious .source of error 
arises from small air bubbles which adhere to the gla.ss beads. These are readily 
seen in good light and when present must be shaken off. Difficulty from this 
source rarely occurs with serum used soon after centrifuging. It is most likely 
to occur with refrigerated serum, particularly if it is drawn into the pipette 
before coming to the temperature of the room. ^ 
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Obviousl}'-, the method described here may be used to detenniue the speeiht 
gravity of any body fluid which is not opaque, if 1 e.c. or more is avaiiaWe. 
V arious ranges may be covered by preparing glass beads of the required specific 
gravity. Furthermore, preliminary work has shown that the albumin and 
globulin fractions of serum maj’’ be determined separately by a modification of 
this method. 


.SUMSIAUY 

1. A new specific gravity method for the determination of serum protein has 
been developed. 

2. The method is rapid and accurate, and has the advantage of being direct 
reading. 

3. The essential apparatus consists of a single article of glassware, tlie 
construction, calibration, and use of which are described in detail. 

I am imlehted to Dr. Newtoji Evans, of the Los Angeles County General Hospital, for his 
assistance in obtaining many serum speciniens use<I in tliis work. 
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TISSUE: Modification of Mallory’s Ehosphotungstic Acid-Hematoxylin Stain for 

Pormaldehyde-Eixed Tissues, Peers, J. H. Arch. Path. 32: 446, 1941. 

1. Deparaffinize sections and bring down to water. 

2. ^Mordant three hours in a saturated aqueous solution of mercuric chloride in a 
paraffin oven at 57° C. Binse briefly. The mercuric chloride solution may be used repeatedly. 

3. Place in compound solution of iodine for five minutes. Binse. 

4. Place in 5 per cent aqueous solution of sodium thiosulfate for five minutes. Binse. 

5. Place in 0.25 per cent potas-sium permanganate for five minutes. Binse. 

6. Place in 5 per cent aqueous oxalic acid for five minutes. Wash well. 

7. Stain overnight in phosphotungstie acid hematoxylin. 

8. Wash briefly in tap water, dehydrate in alcohol or acetone, clear in xylol, and 
moimt in balsam. 

This technique gives results almost identical with those of the original method as applied 
to tissue fixed in Zenker’s solution. Keuroglia, fibroglia, and myoglia fibrils, blepliaroplasts, 
nuclei, red blood cells, and fibrin are deep blue, while collagen is brownish red. 


TUlcABEMlA, Lawless, T. Ki. Arch. Derniat. & Syph. 44: 147, 1941. 


The following antigen is proposed: 

The pus from an unopened gland is aspirated and divided into three equal portions. 
These separate portions are triturated with ten volumes of acetone, alcohol, and 0.4 per cent 
salme solutions. The mixture is allowed to digest for twenty-four hours, with frequent 
agitation. The supernatant fluids are pipetted off and mLxed. The alcohol and acetone are 
allowed to evaporate, and the original volume is made up with 0.4 per cent saline solution. 
The solution is sterilized on a water bath at 60° C. for two hours and twenty-four hours 
later for one hour. Tests for sterility are performed on agar plates. Phenol, 0.25 per cent 
is then added. ’ 


As a test material, 0.1 c.c. is introduced intradermally, and the reaction is read at the 
end of one-half hour. A large erythematous, edematous wheal with pseudopodia in some 
cases will result in a case of the disease. This reaction remains for twenty-four or more 
hours, depending on the severity of the condition. A control subject should show either 
no reaction or one that disappears in ten to fifteen minutes. In patients presenting non- 
specific reactions, the wheal disappears in from one to two hours. The earliest time at which 
a positive result was obtained was one day after onset of symptoms. Two weeks later a 
positive reaction was obtained with a tularemia agglutination test with a 1-1 ‘>80 d‘l f 
The oldest condition was recognized five months after infection and had been dia'n^t'™] 
and treated as influenza, pneumonia, and empyema. gnoseu 

This antigen also agglutinates the red blood cells of infected persons and produces 
a specific histiocytic response in the local tissues. irouuccs 


PLASMA PROTEINS, Simple Method for Estimating, Walther W W 
1941. ' . ■ . 


Lancet 241: 


337, 


Materials; Pyrex boiling tubes, 170 mm. by 2S mni., marked bv a rin- at 
“Antibump” device consisting of 5 imn. of glass tubing Imsi^rto the end 


rod 100 mm. long. 

Pure, nitrogen-free sulfuric acid 


cm. 

to the end of a glass 
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Pure, nitrogen-free potassium persulfate saturated solution. 

Nessler’s solution (special for blood testing). 

Nitrogen standard. Pure aminoniiini sulfate, 0.0S7T(> Gm. per liter of distilled water 
containing 7 c.e. of pure sulfuric acid. It is convenient to prepare this by diluting 8 c.c 
of a 0.472 per cent solution of the .salt to 1 lifer. 

Analyses may be done on heparinized plasiiiu (using the minimum of heparin) or on 
serum. 

dfefjiod: After washing out the boiling tube with distilled water, about 0.5 c.e. of 
water collects in it. Using the hemoglobin pipette, wash out 20 e.c, of serum or plasma 
into this water. Add 0.23 e.c, of pure sulfuric acid and mix. Boil gently over by-pass 
flame of Bunsen burner witli “antibump" rod in position. When thick white fumes rise 
and till tiie tube, cover with a watch glass and boil for three minutes. The solution is then 
quite black. Remove the flame for two minutes, and then add 0.5 c.c. of saturated potassium 
persulfate solution. Ali.x with antibump rod and replace flame. Boil without watch glass 
until thick white fumes vise again, tiien replace the watch glass and boil for two minutes 
longer, after which the solution will be clear and colorless. Cool, dilute with distilled water 
to the 25 e.e. mark, holding the tube with the 25 c.c. mark at eye level and remove the 
antibump rod. Replace tlie rod and ivasU well in the solution. Use any convenient volume 
(the author uses 5 c.e, of the solution placed in an ordinary test tube), and add 2 c.e. of 
Nessler's solution. A similar voiume of standard solution is treated in the same way. Atis 
by inverting twice and compare at once in the eolorimeter. Equal color indicates 1,000 mg. 
of total nitrogen per 100 c.c. of sample. A direct reading may be obtained by li.\ing the 
unknown at 10 and moving the standard to match. Tlie reading of standard times 100 equals 
milligrams of total nitrogen per 100 c.c. of sample. The reading is greatly facilitated by 
placing a spectrum blue color Alter over the eyepiece. Unless gross nitrogen retention Is 
suspected, a subtraction of 30 mg. to cover the nonprotein nitrogen gives the figure for 
protein nitrogen which, when multiplied by 6.25/1,000 gives tlie protein percentage. The 
reagents should be tested occasionally by blank estimations. 

If a colorimeter is not available, a comparator or similar instrument can be used, 
but the reading of tlie yellow ATessler solution is greatly helped by using a blue light filter. 
The accuracy of the method depends on individual skill in color watching, but it is well 
within the limits necessary for clinical work. 

DIPHTHERIA, Present Status of the Immediate Tellurite Test for, Bietman, H. R„ and 

Maxwell, B. Vf. J. A. M. A. 117: 1255, 1941. 

The potassium tellurite procedure for the differential diagnosis of diphtheria, as sug- 
gested by Manzullo, was applied to 117 patients exhibiting membranes of the throat. 

The test was frequently positive on nondiphtheritic membranes but was falsely negative 
only twice. 

A negative tellurite reaction, if it contradicts the clinical impression, is not suffi- 
ciently reliable to justify one in withholding antitoxin therapy. 

It is felt that the technical difficulties of applying the test at present, and the fre- 
quency with which both false positive and false negative reactions are obtained, make it 
unsatisfactory as a routine guide for tlie therapy of .diphtheria. Refinements in technique 
might admittedly enhance its usefulness. 

SYNOVIAL PLtriD and Synovial Membrane Abnormalities Resulting Prom Varying Grades 

of Systemic Infection and Edema, Coggeshall, H. C.. Bennett, G. A., Warren, C. P., 

and Bauer, W. Am. J. Aled. Sc. 202: 4S6, 1941. 

Prom a study of 156 post-mortem synovial fluids and 49 synovial tissue specimens ob- 
tained from persons dying with varying degrees of infection and edema, the following eon- 
elusions can be drawn; 

1. The amount of synovial fluid in the knee joints of persons n-itli peripheral edema is 
usually increased. 
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2. The synovial fluid obtained from the joints of edematous patients contains fewer 
nucleated cells than does normal fluid and its total solids, viscosity, protein, and mucin con- 
tents are reduced. 

3. Total nucleated cell counts and the absolute number of neutrophiles in synovial fluid 
specimens obtained from patients dying with varying degrees of infection are frequently 
increased. The most marked cytologic abnormalities are observed in patients dying u-ith 
severe infections and associated septicemias. 

4. An increase in the absolute number of neutrophiles is a more reliable indication of 
tlie existence of synovial tissue inflammation than are increased total nucleated cell counts 
or random biopsies. 

5. The sj-novial fluid abnormalities resulting from synovial tissue infections vary with 
tlie severity of the synovial lesion and its proximity to the joint space. 

6. The results of the present study suggest that the joint aches and pains occurring 
in various infectious diseases may be the result of sjmovial tissue inflammatory changes caused 
by blood-borne infections. The majorit}- of such inflammatory lesions are presumabl}' mild 
in nature and, therefore, resolve readily. Tlie marked synovial tissue reactions observed in 
patients dying with septicemia are of the type observed in early cases of specific infectious 
or septic arthritis. 

TEANSFXrsiONS, Infusions of Blood and Other Fluids Via the Bone Marronr, Tocantins, 

li. M., O’Neill, J. F., and Jones, H. W. J. A. M. A. 117: 1229, 1941. 

Citrated blood and physiologic solution of sodium chloride have been infused through 
the marrow of a tibia or a femur of 9 infants in whose treatment intravenous infusions were 
urgent but impossible. In 2 with congenital anemia and erythroblastosis, it was not possible 
to infuse any blood by this method. No local or constitutional reactions, immediate or de- 
layed, have been disclosed by clinical and roentgen-ray examinations after these infusions. 
When clearly indicated, the intramedullary route for parenteral therapy is feasible and useful. 


BLOOD IODINE: Naturally Occurring Iodine Fractions and Their Chemical Behavior, 

Bassett, A. M., Coons, A. H., and Salter, W. T. Am. J. Aled. Sc. 202: 516, 1941. 

The protein-bound iodine in the blood plasma of man and of animals was found to 
reside chiefly in the traditional albumin fraction. Tliis iodine was subject to fluctuations 
dependent upon thyroid activity. Such fluctuations, in absolute terms, were due chiefly to a 
thyroxine-like moiety thereof. The moiety resembling diiodotyrosine might increase pro- 
portionately, but it contributed relatively little to the absolute change from the normal 
level. Accordingly, total protein-bound iodine fluctuated largely with thyroxine-like iodine. 
In myxedema the thyroxine-like fraction practically disappeared. 

Despite variations in this protein-bound iodine, the ionized iodine (inorganic) appeared 
to be rather low and approximately constant under the conditions of this stud)-, regardless 
of the state of thyroid activit)-. Nevertheless, it was found to increase markedly when 
extraordinary, though perhaps very small, amounts of iodine entered the organism. Simul- 
taneously a false increase in the protein-bound iodine occurred which could be reproduced 
by the addition of iodide to plasma in vitro. 

The results indicate that tlie protein-bound thyroxine-like moiety of the plasma iodine 
is a good objective index of circulating thyroid hormone. They suggest, also, that plasma 
protein-bound iodine might be used clinically to confirm physiologic thvroid status 

BLOOD IODINE: Its Relation to Thyroid Function in loo Clinical Cases, Salter W T 

Bassett, A. M., and Sappington, T. S. > , . 

A .series of 100 cases of suspected thyroid disturbance and 10 control patients have 
liecn analyzed from the standpoint of final clinical diagnosis, basal metabolic rate and 
plasma protein-bound iodine. When the first two of these criteria are in agreement there 
i.s a close correlation between the plasma iodine and the basal metabolic rjUe Such 
amount to 71 per cent of the entire group studied. Of the remaining 20 per cent the b^l 
metabolic rate often did not clearly reflect the clinical status aad the phusma protein b \ 
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iodine proved niuelv more reliable. This was particularly true in the group of “Graves' 
without iiypertlijToidism ” in which the basal metabolic rate ranged from -20 to 40 per cent, 
but the plasma protein-bound iodine was normal. These data, therefore, constitute addi- 
tional evidence for the possible dissociation of physiologic hj-perthyroidism and clinical 
Gr.aves' disease. In hypothyroidism plasma protein-hoaaii iodine appears to bo a highly 
reliable criterion for eontirming lack of thyroid hormone, even wlien full-blown my.xedema 
is absent. 

It has been emphasized that the simplified chemical procedures employed are partly 
empirical. Their use has been justified by their consistency witli clinical data, but due 
care should be exercised in comparing the data with the results obtained by other methods. 

BLOOD: The tlse of Rabbit Thrombin as a Local Hemostatic, Lozner, E. L., MacDonald, 

H., rialand, M.. and Taylor. T. H. L. Am. J. Aiod. Se. 202: 593, 1041. 

Observations arc reported indicating that rabbit thrombin is of distinct value in the 
control of hcinorrliage from small wounds imhiccd by a standard trauma in uormal persons 
and in 9 patients with and in 2 patients without liemonljagio diatheses bleeding spontaneously 
from small wounds. 

The material apparently accoinphshos its results by the instantaneous precipitation of 
fibrin. 

Xo toxic manifestations were obsen-ed following the application of rabbit thrombin 
to tlio small wounds. 

It would appear desirable that these observations concerning tlie use of rabbit thrombin 
as a local hemostatic be extended. 

BLOOD: The Thrombic Activity of a GlobuUn Fraction Derived From Rabbit Plasma, 

Taylor, F. H. L., Lozner, B. L., and Adams, M. A. Am. J. Med, Sc. 202: 585, 1941. 

The observation of Parfentjev that rabbit plasma cont.oins a substance or physiologic 
activity capable of converting fibrinogen to fibrin is confirmed. 

Parfentjev 's material- is apparently a pseudoglobulin which possesses true thrombic 
activity. 

It may be ditferentiated from thrombopl.asfin by its manner of preparation and its 
independence of caleium-ion concentration in its action bn fibrinogen. 

Methods of preparing the material in a stable powdered form are presented. 

BLOOD CLOTTING; A Globulin Fraction in Rabbit’s Plasma Possessing a Strong Clotting 

Property, Parfentjev, I. A. Am- J. Aled. Se. 202: 57S, 1941. 

A description is given of a globulin fraction, isolated from rabbit plasma, which 
possesses the property of clotting plasma. 

It has been found that the “toxicity” of this fraction on intravenous injection is 
due to intravascular clotting. 

Clotting globulin could be separated from that fraction of rabbit plasiim which con- 
tains the major portion of the immune bodies. 



VoL. 27 


The Journal of 
Laboratory and Clinical 
Medicine 


No, 6 


ilARCH, 1942 


CLINICAL AND EXPERIMENTAL 


AGGLUTINATION EEACTIONS IN EHEUi'IATOID AETHRITIS'^ 


John L. Ferry, M.D., and Luke W. Hunt, M.D. 
Chicago, III. 


B ACTEEIOLOGIC investigations in rheumatoid arthritis have been under- 
taken frequently since Billings, Eosenow, and others, advanced the theory of 
focal infection as a possible etiologic agent in this disease. 

A considerable stimulus to this type of investigation was given by the work 
of Cecil, NichoUs, and Stainsby,* who reported the isolation of a streptococcus 
from the blood stream of 61.5 per cent of 78 patients with rheumatoid arthritis 
— 83.3 per cent of the positive cultures yielded organisms culturally and 
biologically identical — the “typical strain” — an attenuated hemolytic strepto- 
coccus. 

Although others were unable to confirm this finding of positive blood cul- 
tures in rheumatoid arthritis, attention was turned to the fact that these “typical 
strains” of hemolytic streptococci were found by NichoUs and Stainsby'^ to be 
agglutinated in high dilutions by the sera of a large percentage of cases of this 
disease; 103 cases in 110 (93 per cent) had agglutinations of 1:640 or higher. 
Among 218 controls the majority were negative, and when agglutination” was 
present it usuaUy was in titer of less than 1 .-160. Hemolytic streptococci from 
other sources gave comparable reactions in lower titer. Streptococcus viridans 
gave weakly positive reactions. Sera from patients with other types of artlu-itis 
febrile and nonfebrile diseases, and normal people, in most instances failed to 
agglutinate the organisms in significant titer. 


•Prom the Department of Mcaiclne, University of Chicago, Chica»-o 
Received for publication, Februarj’ 1. 1941. ** 
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Tliis work was repeated by Dawson, Olinstead, and Boots®'® who found 
no correlations between the source of the hemolytic streptoeocei and the agglu- 
tination titers obtained. Absorption tests failed to show specificity of the 
agglutination reaction for the strains of heniolytie streptococci examined. They 
found that in 206 patients with rheumatoid arthritis, 113 (54.8 per cent) had 
agglutinations of 1 :160 or higher. A total of 256 control cases were negative 
or the agglutinations were of loiver titer. They felt that there was a definite 
relation between the agglutination reaction and the age of the patient, and 
the duration of the disease. Examination of 41 other strains of gram-positive 
cocci failed to show comparable titers of agglutinations except tests using rough 
strains of pneumococci. 

Blair and Hallman® examined the sera of 62 patients with rheumatoid 
arthritis and found that 82 per cent of tliem agglutinated "typical strain” 
AB66 in dilution of 1:160 or higher. Strains of liemolytie streptococci from 
other sources were agglutinated less frequently or in lower titers. A total of 
32,9 per cent of 94 controls were positive in dilution of 1 ;160 or higher. They 
were unable to demonstrate any correlations between the agglutination titer 
and the age of the patient, the duration of the disease, the number of joints in- 
volved, or the sedimentation rate. 

Graj’’ and Gowen'' found agglutination in some degree in 52 of 60 eases 
(86.6 per cent) against one of the "typical strains,” AB13-45 (75 per cent) 
were in a dilution 1:160 or higher. The majority of cases of long standing 
showed agglutination in low titer, if at all. 

Dawson and Wetherby® reported a strain of hemolytic streptococci isolated 
from a patient with chronic arthritis, agglutinated bj’" 9S.1 per cent of 60 
persons mth chronic arthritis and 28 per cent of controls in a titer of 1:400 
or higher. 

Cox and HilP found that 197 sera from patients with rheumatoid arthritis 
agglutinated "typical strain” AB13 in approximately 70 per cent of cases in a 
titer of 1 ;320 or higher. Other organisms, including another strain of 8trei)to- 
coccits hemolyiicus, Streptococcus virida7is, Streiitococciis anhemolpticus, 
Staphylococcus aureus, and B. coli were agglutinated in dilutions of 1:320 or 
higher in from 8 per cent to 49 per cent of cases. 

McEwen, Bunim, and Alexander, using a scarlet fever strain NY5, report 
positive agglutinations in 86 per cent of 36 patients with atraphic arthritis, 56 
per cent in a dilution of 1:160 or higher. None of 35 normals had positive 
agglutinations. 

Goldie and Griffiths" found that 80 per cent of 31 patients with rheumatic 
fever and chorea, 89 per cent of 28 patients with chronic infectious arthritis, 
71 per cent of 17 patients with "streptococcal diseases,” and 10 per cent of con- 
trols agglutinated stock strains of hemolytic streptococci in a dilution of 1 ;160 or 
higher. 

Hartung, Davis, Steinbroeker, and Straub’® report "typical strain” AB13 
agglutinated by 38 per cent of 50 patients with rheumatoid arthritis 1 -.160 or 
higher. Two strains of hemolytic streptococci from other sources were agglu- 
tinated in 30 per cent and 24 per cent by the same sera. Ten per cent of normals 
were positive. 
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Tillett and Abernatliy’^ found that in a number of bacterial infections other 
than streptococcal, the sera of the patients are capable of agglutinating certain 
strains of lieinoljdic streptococci. The reaction is demonstrable soon after the 
onset, persists during the active stage, and disappears after recovery. This 
agglutinability is striking when live organisms or organisms kiUed by formalin 
are used, but disappears if cultures are heated to the thermal death point. 

Keefer, iMyers, and Oppel,^^ therefore, performed a large group of agglu- 
tination tests using heat-killed organisms. The sera of 12 patients in 22 (55 
per cent) with rheumatoid arthritis gave positive reactions; 9 patients (41 per 
cent) had agglutinations in a titer of 1 :160 or higher. Only one serum agglu- 
tinated in a titer above 1:640. Positive reactions were obtained in 26.2 per 
cent of patients Muth rheumatic fever (42), 9.7 per cent of rheumatic heart 
disease, 14.3 per cent of degenerative arthritis,-® 23.5 per cent of erysipelas.^^ 
Sera from patients ndth other forms of arthritis, and a number of infectious and 
noninfeetious diseases failed to agglutinate heat-killed streptococci. The reaction 
in patients Muth rheumatoid arthritis persisted for one to several months. In 
some cases it was maintained by intravenous vaccine. 


Wainwright” performed a sex’ies of agglutinations with the sera of 51 
patients with rheumatoid arthritis using both heat-killed and living hemolytic 
streptococci. He found the heat-killed organisms were agglutinated in slightly 
lower titers, but othenvise the curves were similar. 

■Waimvright,'® in another investigation, found that agglutination of 
hemolytic streptococci by sera of patients -with rheumatoid arthritis was not con- 
fined to oi'ganisms of group A (Lancefield), or to streptococci from human 
sources. Absorption with a representative strain of one group removed the 
agglutinins not only for that strain but for others of the same group — ^bearing 
out group specificity of the reaction rather than strain specificity. 

McEwen, Chasis, and Alexander^’ did similar agglutination tests using 
strains of hemolytic streptococci of Lancefield ’s groups A, B, C, D, E, P, and 
G. The strongest agglutinations occurred in group A, but definite reactions 
were also obtained in the other groups. Crude C extracts of all groups ivere 
prepared, and when these were tested with the sera of patients with rheumatoid 
arthritis, occasional crossing was found ivith the extracts of all groups, and fre- 
quently with those of groups A, B, and G. 

Chasis and ilcEwen’® pui'sued this line of investigation further and found 
that cross reactions occurred with crude C extracts of hemolytie streptococci 
of the various groups, when used in precipitin tests with immune human sera and 
with immune rabbit sera, and the sera of patients with rheumatoid arthritis 
rheumatic fever, and convalescent scarlet fever. This reaction was thought to 
be due to the presence of aiitibodie.s in the sera against a nongroup specific 
ration present in the bacteria and in the crude C extracts, this substance bein- 
of nonprotein nature. “ 


Dawson and Olmstead'® examined the sera of 76 patients with rheumatoid 
arthritis for agglutinins against organisms in Lancefield groups A, B C D E 
F, and G. Using group A they found the percentage of positive reaction’s to be 
approximately the same as they had reported m-evionslv * nv _ 


reported previously,* or about of 


00 per cent. 
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However, there were only three instances of definite iiositive reactions (1:160 
or above) with organisms other than grou]! A, and two of these were strongly 
positive for group A also. Control sera agglutinated groups B to G in as high 
dilution as did the sera of patients with rheumatoid arthritis. Control sera 
which agglutinated group A organisms in titers comparable with that of rheu- 
matoid arthritis were found only in proved severe hemolytic streptococci infec- 
tions. 

Dawson, Olmstead, and Jost-“ compared the agglutinins and precipitins 
against hemolytic streptococci in 71 patients Avith rheumatoid arthritis and in 
79 controls. They demonstrated a close approximation but not an absolute agree- 
ment between the capacity of rheumatoid arthritis sera to agglutinate strains of 
hemolytic streptococci and to precipitate various group-specific fractions of this 
organism. Bunim and AleEwen-’ found no correlations between the anti- 
streptolj'sin titer and the hemolytic agglutination titex*. Eighty^-five per cent 
of 205 sera from 75 patients with atrophic arthritis had antistreptolysin titers 
within noimal limits regardless of the stage of the disease or severity of clinical 
symptoms. 

Short, Dienes, and Bauer-^ compared the results obtained in 49 patients with 
typical rheumatoid arthritis, using the sedimentation rate, Arneth-Schilling 
counts, the Vernes resorcinol test, and agglutination tests with hemolytic strepto- 
cocci. A total of 92.2 per cent of the patients showed elevated sedimentation 
rates; 87 per cent of the Schilling counts were positive (over 8 per cent young 
cells), 58.3 per cent of the Vei-nes tests were positive; 53.1 per cent of agglutina- 
tions showed a titer above 1 :160 for at least one of the four strains employed. 

The evidence which has accumulated from these investigations shows that 
in rheumatoid arthritis there are, in a faMy large percentage of cases, positive 
agglutinations for hemolytic streptococci, regai’diess of the source of the organ- 
isms. This reaction comes on during the coui'se of the disease, pei’sists a 
variable length of time, varying in strength, and usually is low in titer or absent 
when the disease reaches a quiescent stage. Heat-killed streptococci are agglu- 
tinated similarly but in lower titer than wdth live orgaixisms. Agglutinations are 
strongest ivith organisms of Lancefield’s group A, but are present in other 
groups, and definite cross reactions frequently occur. There seems to be a close 
relationship betiveen the agglutinins and precipitins for hemolytic streptococci, 
but none between agglutinins and antistreptolysins in rheumatoid arthritis. 
Elevated sedimentation rates and positive Schilling counts are considerably more 
constantly present than the resoi-cinol test and the agglutination reaction. 

As indicated in the preceding reports, there is a wide variation in the re- 
sults of the agglutination tests in different hands, and marked differences of 
opinion as to their significance. 

Consequently, rve performed a series of agglutination tests on patients with 
typical rheumatoid arthritis, noth osteo-arthritis, with a number of related condi- 
tions and on normal controls using a number of strains of hemolytic streptococci 
from various sources, and ivith tivo sti’ains of hti'sptococcus viridu'iis. This in- 
vestigation Avas undei’taken in an attempt to evaluate the agglutination leaction 
in relation to the patients seen in out-patient arthritis clinic. 
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3IETHOD 

The inediuni used for cultures ivas dextrose broth. Flasks of this niedia 
were inoculated with a diffuse fairly dense culture and incubated at 37° C. for 
fifteen to twenty-four hours. 

Seruni dilutions were ma.de with 0.8 per cent sodium chloride solution in 
proportious of 1 :10, 1 : 20 , 1 : 40 , 1 ;80, 1 :160, 1 ;320, 1 rBiO, 1 :1,280, 1 :2,560, and 
1 :5,120. To these dilutions 0.5 c.e. of culture was added, making the final dilu- 
tions 1:20, 1:40, 1:80, 1:160, 1:320; 1:640, 1 :1,280, 1:2,560, and 1:5,120. A 
control consisting of 0.5 c.e. of culture and 0.5 c.e. of broth was included in all 
the tests. 

T.vble I 

Agglutixatio-v Titei: or Seka or Patiekts With Arthritis With Hemolytic 

Streptococci 
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1 
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0 

2 

1 
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1 
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Agglutination tests were placed in a water liath at 56° C. for two hours and 
then overnight in the icebox. The tests were read at the end of two hours and 
after overnight refrigeration. 

Readings were made after gently tapping the tubes until the bacteria had 
risen from the bottom. The reactions were recorded by the following scale: 

+ + + + Disk or firm clump — brofli clear. 

■V + + Loose clumps, readily broken — broth clear. 

+ + Small clumps — broth clear, 

+ Small but distinct clumps — -broth cloudy, 

- No clurap.s visible. 

The highest dilution in which distinct and small clumps were observed was 
considered the end point or titer. The hemolytic activity of the strains employed 
urns tested on blood agar. 

Six strains of hemolytic streptococci were used in the agglutination tests 
Tliey were obtained from the following sources: 

Strain 1. From the throat of patient with scarlet fever. 

Strain II. From patient with erysipelas. 

Strain III. From throat of patient with rheumatoid arthritis and nephritis. This 
htrain produces typical rheumatoid arthritis in rabbits. 

Strain IV. From throat of patient with neidiritis. 

Strain V. From throat of patient with nephritis. 

Strain VI. From dog toiiMl. 

-Vgglutination test wa.s performed with at loa.st three of thc-e str-iin.! 
of each patient. 
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A smallci' number of agglutination teiifs were performed with two strains 
of green streptococci obtained from tlie following sources: 

Strain 1. Prom extracted tooth of patient with rheumatoid arthritis. 

Strain 2. Blood culture from patient with subacute bacterial endocarditis. 


The results are summarized in Table 1. Agglutination titeis of 1:160 or 
higher were obtained in 21, or 5S per cent, of 36 patients with tj'pical rheumatoid 
arthritis. In 25 patients with typical osteo-artliritis, agglutination titers of 
160 or higiier were obtained in 7, or 2S per cent; in 10 patients ivuth related 
diseases — rheumatic fever, fibrositis, and gonorrheal arthritis — positive agglu- 
tination reactions were obtained in 3, or 30 per cent. In the control group of 
36 patients positive agglutination reactions were obtained in 5, or 13.9 per 
cent. 

Tabi-e n 


EELATiossiin’ Between Dcbatjo.v or Dise.vse and Agglvtisxtiox KE.<.CTrox in EuEUitATOto 
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One Year or Less Over One Year 

Positive — 6 cases, or 60 per cent Positive — 13 eases, or 50 per cent 

1 :1S0 or higher 

Negative — 4 cases, or 40 per cent Negative — 13 cases, or 50 per cent 

under 1:160 


T.1BLE ni 


AGQturiN.moN Titer of Sera of Patients With Arthritis With Streptococcus Yibidans 
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The relation of the duration of the disease to the agglutination titer is shown 
in Table II. In this series there seemed to be no relationship between the two 
conditions The results obtained with the two strains of Sfreptococo/s riridn,i.<i 
are summarized in Table III. Agglutination titers of 1:160 or higher were ob- 
tained in 4, or 20 per cent, of 20 patients with rheumatoid arthritis, with 2, or 
20 per cent, of 10 patients with osteo-arthritis and in 1, or 9 per cent, of 11 con- 
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SUMMARY AND CONCLUSIONS 

Previous experimental work on this subject is reviewed briefly. The agglu- 
tination titer of sera of 36 patients with rheumatoid arthritis, of 25 patients with 
osteo-arthritis, of 10 patients with related conditions, of 36 normal controls with 
strains of hemolytic streptococci obtained from various sources was determined. 
Agglutination titers of 1 :160 or higher were obtained in 58 per cent of the 
patients with rheumatoid arthritis; in 28 per cent of those with osteo-arthritis, in 
30 per cent of those with related conditions and in 13.9 per cent of the controls. 

In this series there seemed to be no relationship between the duration of the 
disease and the agglutination titer. 

Agglutination titers of 1 :160 or higher were obtained with two strains of 
Streptococcus viridans in 20 per cent of 20 patients with rheumatoid arthritis, 
in 20 per cent of 10 patients with osteo-arthritis and in 9 per cent of 11 controls. 

Although the percentage of positive agglutination reactions is considerably 
higher in patients with rheumatoid arthritis than in patients with osteo-arthritis, 
related conditions and controls, the reaction is of little value as a diagnostic 
measure, because patients with typical rheumatoid arthritis may have negative 
tests, and controls give positive reactions often enough to be confusing. The 
test is time-consuming, tedious, and difficult to perform accurately. No positive 
information is derived from agglutination reactions as to the etiology of the 
disease. 

In the present state of immunological knowledge the significance of the 
agglutination reaction in rheumatoid arthritis is largely a matter of conjecture 
and is nothing more than suggestive. Whether infection by the hemolytic 
streptococcus plays a role of primary or secondary importance in the produc- 
tion of the disease, will require more evidence than that obtained from agglutina- 
tion reactions. 
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INTRAMUSCULAR AD3IINISTRATION OF SODIUJI SULPAPYRIDINB 

TO CHILDREN* 


Gilbert M. Jorgensen, M.D., R. Wendell Cofpelt, M.D., .vnd 
Jules C. Welch, M.D., Los Angele.s, Calif. 


T hough a report^ on tlie intramuscular administration of sodium sulfa- 
pyridine to patients appeared as early as July, 1939, this route has not 
been emploj^ed extensively. A recent favorable report- in this Journal on the 
intramuscular route for parenteral administration of sodium sulfapyridine 
prompted the publication of onr clinical experience and experimental work 
with the intramuscular administration of this drug. 

Because such injections usually must be given by a physician, it seemed 
desirable to give them as infrequently as practicable. Onr experience leads ns 
to believe that in most infants and young cliildren a satisfactory blood snlfa- 
pyridine level can be maintained by an intramnsenlar injection of sodium 
sulfapyridine no oftener than every twelve hours. 

One hundred and ten intramnsenlar injections of a 30 per cent aqueous 
solution of sodium sulfapyridine monohydrate were given to 71 patients. The 


•From tiie Cliildren's Hospit.-i: of Los Angeles ami the Department of Pediatrics. Univer- 
sitv of Southern California Medical School. . . ^ 

The sodium sulfapyridine was supplied by the CaJeo CIiemic.il Comranj . 

Received for publication, Januarj- 29, 1911- 
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dosages, calculated as sodium sulfapyridinc monohj^drale, were approximately 
as follows; 


IG injections of 0.05 Gin. per kilogram of body weight 

75 injections of 0.1 Gm. per kilogram of body weight 

18 injections of 0.2 Gm. per kilogram of body weiglit 

1 injection of 0..3 Gm. per kilogram of body weight 

When the total volume to be given amounted to more than 10 c.c., the dose 
was divided and given into two sites. Most of the injections were given as an 
initial dose to patients who were critically ill with pneumonia, and usually oral 
administration of sulfapyridine was begun within a few hours. The injections 
were given deep into the gluteal or quadriceps musclas. The number of injec- 
tions in each patient was as follows : 

5.3 patients received 1 injection 
9 patients received 2 injections 
4 patients received 3 injections 

1 patient received 4 injections 

2 patients received 5 injections 
1 patient received 6 injections 
1 patient received 7 injections 

For 21 patients oral administration of sulfapyridine was withheld for one 
to twenty-four hours in order to determine the course of the blood sulfapyridine 
level after a single intramuscular dose (Table I). 

Table I 

Blood Sulfapyridine Levels Following a Single Intramuscular Dose of a 30 Per Cent 
Aqueous Solution of Sodium Sulfapyridine Monoiiydratb 

The dosage is expressed as grams of .sodium sulfapyridine monohydrate per kilogram 

of body weight. 
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The local reaction in most cases was surprisingly slight. Considerable pain 
was a complaint diu’ing the injections, but it subsided within a few minutes. 
Slight tenderness and, in a few cases, some induration at the site of injection 
persisted for a day or two. Due to a misunderstanding one injection was given 
subcutaneousl}^ resulting in a slough about 3 cm. in diameter. The patient had 
a staphylococcus baeteriemia, n’hieh resulted in death a few days later. In 
one fat infant a deep slough about 3 cm. in diameter followed an injection of 
0.2 Cm. per kilogram of bod 3 ^ weight (6 e.e.) into the gluteal I’Cgion. Since the 
depth of the subcutaneous fat in this infant was nearlj' as great as the length 
of the needle used, it is possible that the solution was not given into the muscle. 
In another infant the skin at the site of the needle puncture became necrotic 
for an area of about 1 cm. in diameter; this liealed without ulceration. 

If one uses the intramuscular route slougiis from accidental subcutaneous 
administration must be expected occasionally, but with proper precautions they 
should rarely occur. It is important to remember that on a well-nourished in- 
fant the subcutaneous fat in the gluteal region maj^ be more than an inch thick. 

From two patients udio died one day after injection, specimens of muscle 
were obtained from the injected sites. The only gross changes noted were 
hemorrhage hito the muscle in both cases and the deposition of a few small 
ei'ystals in one. Microscopically there were hemorrhage, infiltration with 
polymorphonuclear neutropliiles, and swelling and loss of cross striation of the 
muscle fibers. 

In order to obtain further information regarding the severity of the damage 
to the muscle, each of ten rabbits was injected with 5 e.c. of the solution into the 
extensor muscles of the thigh. Although this volume amounted to a very large 
dosage for the rabbits, it was chosen because it inpi’esented about the average 
volume given to ijatients. The rabbits were autopsied at intervals of one to 
thirty-three days after the injections. Tiie reaction in the muscle in all the 
rabbits was limited in the main to an area about 3 cm. in diameter. In some 
rabbits there were changes along the fascial planes for a slightly greater distance. 

Eabbits autopsied on the fii-st, second, third, and fifth days showed similar 
changes, except that erj'stals were found in the muscle only in the first rabbit. 
The crystals extended throughout an area about 1 cm. in diameter. Hemorrhage 
was the only other gross change noted. Mieroseopiealty, there were hemorrhage, 
edema, infiltration with polymorphonuclear neutropliiles, and round cells, and 
loss of the staining properties of the muscle fibers. 

The gross change in the muscles of the rabbits autopsied on the ninth, 
thirteenth, eighteenth, and twenty-third days consisted only of a brownish 
discoloration. Microscopically, there were degenerative changes in the muscle 
fibers ; infiltration with potymorphonuelear neutropliiles, round cells, and giant 
cells ; and some increase in fibrous tissue. 

The muscles from the two rabbits autopsied on the thirty-third day showed 
no gross changes, but microscopically, there was an infiltration with giant cells 
and an increase in fibrous tissue. 
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COXCLUSIOX 

A 30 per cent aqueous solution of sodinni snlfapyridine monoliydrate may 
be given intramuscularly to children ivhen other routes of administration are 
not practicable. Following a dose of 0.1 Gm. per kilogram of body weight, a 
blood suKapyridine level between 5 and 10 mg. per cent may be expected 
thi-oughout most of the first twelve hoiu-s. The danger of a slough should not 
be great if proper precautions are taken to insure injection into the muscle. 
Although ciystals (presumably sulfapj-ridine) may precipitate at the site of 
the injection, blood level studies on patients suggest that most of the solution 
is absorbed diu-ing the fii-st twelve houi-s, and autopsy studies on rabbits demon- 
strate that crystals do not remain long at the site of the injection. The intra- 
muscular injection of sodium sulfapyridine results in prolonged and perhaps 
permanent damage to the muscle, but the area involved is not large. The 
pathologic studies suggest that it may be undesirable to give more than one in- 
jection into any one site. 
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I. DAILY VARIATIONS IN THE TOXICITY OP NEOARSPHENAHINB 

IN RABBITS* 


A. J. Nedzel, iI.D., Chicago, III. 


I N THE last decade Petersen^ has shown that the “normal fluctuations’^ in 
human blood chemical levels are definitely interrelated and correlated with 
the weather. He also called attention to the possibility of variations in response 
of human beiogs to drugs in connection with this constantly changing physiologic 
state of the bodj' and on his suggestion experimental investigations with 
morphine sulfate on mice were performed (Nedzel,--* and Sargent and NedzeP) 
It was found that the meteorologic conditions definitely varied the toxicitv of mor- 
phine sulfate. Prevaously iMacht® found a very definite influence of barometric 
pressure and other meteorologic conditions on the potency of digitalis for eats 
and pointed out that the difference in the toxicity is due to changes in the 
physiologic functions of the cats, more particularly to changes produced in 
the respiration and circulation by the fall in barometric pressure. He concluded 
that fluctuations in barometric pressure and other changes in atmospheric con- 
ditions play an important role in the action of various drugs. 


•^Froni the Department of Palholosj*, University of Illinois, College of Medicine r\ • 

This study was made possible through a grant from Uie Division of rx’- 

tile United Stales Public Health Serv ice. ' cnereal Diseases of 

Received for publication. Februarj' 6, 1341. 
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Hei’e we present the observations on rabbits, wliicli were administered neo- 
arsphenamine. Tlie animals nsed were of tlie same breeds, approximately of the 
same age. The females were all virgins, and in eaeh daily group the same num- 
ber of male and female animals was used. All animals were kept in an air-con- 
ditioned room (controlled temperature) under the same care. The diet con- 
sisted of Vitality Rabbit Ration in pellets, lettuce, and carrots. Water was sup- 
plied freely. 

The experiments were perfoimied in groups. Each day the same number of 
animals was injected with the same dose of neoarsphenamine per weight. The 
neoarsphenamine used in all these experiments was of the same lot, dissolved 
under similar conditions. The solution of the neoarsphenamine was never older 
than six ininutes from tlie time the ampoule was opened, and was given intra- 
venously in the ear vein. The injections were given at the same time in the 
morning. 

The dose selected was established on the Imsis of an average death rate of 
approximately half of the number of the animals injected and v'as found to be 
0.42 Gm. of neoarsphenamine per kilogram wciglit of the rablht, as best to serve 
our purpose. 

Wviier Group . — One luuulred and twenty rabbits were used in the first 
series, 10 rabbits being injected daily for twelve consecutive day.s, beginning 
P’ebruary 17. The second series of experiments, whicli was started September 
19, contained 150 rabbits, and the procedure was the same, namely, every con- 
secutive day for fifteen days, 10 rabbits were receiving the same dose of neo- 
arsphenamine as in the first group. The date of injections and the date of death, 
as well as the maximal and minimal daily temperature and barometric pressure 
for these days, are presented on Chart 1. 

In the upper part of the chart are recorded the days on which the rabbits 
were given the neoai'sphenamine intravenously, and are designated by a black 
dot. Each cross represents the death of one animal and is plotted on the day 
when this death occurred. The black lines, startijig from the black dot, are ex- 
tended to the right, and the crosses on these lines represent the death of a single 
animal on a certain day and indicate the group to which the animal belonged. 
Below this, the wide black field with white line in the center indicates the official 
temperature. The upper margin gives daiB' maximum temperature ; the lower, 
the minimum temperature; the middle white line presents the mean temperature. 

The lower curve indicates the official barometric pressure. Vertical lines 
relate days vdien many aJiimals died with the corresponding temperature and 
barometric pressure. These lines are numbered to facilitate the discussion of 
events happening on the designated dates. 

Arrow 1 eonneets the elevated peak of the barograph, low temperature, and 
points to the death of 4 of 10 injected rabbits. This is a day when cold air 
masses were passing and primarily a pressor phase existed in the animals. Line 
2 shows death of 2 rabbits on the day of the injection of neoarsphenamine. At 
this time the meteorologie condition has been reversed in comparison with the 
previous day, the barometric pressure was low, and the temperature had 
reached a crest. Line 3 points to another 2 deaths on the same day of admin- 
istration of drug; on this day the meteorologie conditions tvere quite different 
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from those of tlie previous day, namely, the temperature had fallen and the 
bai’oinctric pressure had increased rapidly. On line -i four deaths occurred in 
three groups of animals previously injected. The lowest temperature and the 
highest barometric pressure for the period existed at this time. 
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the next day (line 10) 6 deaths occiirred in four groups. A temperature min- 
imiun iras reached and the barometric pressure crest occurred. Line 11 points 
to 8 deaths wliieh occurred in four groups, one death occurring on the day of in- 
jection. Though the barometric pressure on this day declined slowly, the dif- 
ference between the maximum and minimum temperatures was very great, in- 
dicating the disturbed atmosiiheife conditions at this time. Line 12 shows only 
3 deaths occurred in three daily groups, but one death occurred on the day of 
injection. The temperature was increasing and the barometric pressure was still 
increasing. On line 13 there are shown 4 deaths in three groups, and a sloirly 
I'ising mean tempei'ature; barometric pressure reached its highest peak. Line 
14 shows 4 deatlis in three groups and a large difference between maximum 
and minimum temperatures, and the lowest barometric pressure in six days. 
No injections were made on this day. 

The following conclusions may be drawn .- 

1. In late winter the neoarsphenamine is more toxic for rabbits in com- 
parison with 'the same dose given under similar conditions in the autumn. 

2. Toxic effects of neoarsphenamine are more mazlced on the days when 
the temperature is low and the barometric pressure is high (polar air mass), 

3. Neoarsphenamine is also more toxic when the temperatiu’e is imnsiiaiiy 
high and the barometric pressure falls abruptly, 

4. It is also somewhat more toxic ivhen the difference between the max- 
imum and minimum temperatiu-es is gi-eat. 

5. Presumably atmospheric interfaces are associated wdth greater sus- 
ceptihilitj" on the part of the animals. The aforesaid is true for deaths oc- 
curring immediately after the injection of neoarsphenamine as well as for de- 
layed deaths. 
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II. DAILY VARIATIONS IN THE TOXICITY OF NEOARSPHENAMINE 

IN WHITE RATS'" 


A. J. Nedzel, M.D., Chicago, III. 


I T HAS been shown that the toxicity of neoarsphenamine varies considerably 
by days in rabbits.’^ Herein are presented observations on white rats. The 
animals were of the same breeds, approximately of the same age. The females 
were virgins, and in each daily group the same number of male and female 
animals were used. The animals were kept in an air-conditioned room (con- 
trolled temperature) under the same care. The diet consisted of dog food cubes 
(given daily), lettuce — three times a week, and raw meat once a iveek. AYater 
was given freely. 

The experiments were performed in groups. Each day the same number 
of animals was injected ivith the same dose of neoarsphenamine, which was 
established on the basis of an average death rate of approximately half the 
number of the animals injected. The dose used was 0.225 6m. per kilogram 
of weight and the injection was made at the tail. The neoarsphenamine used 
in all these experiments was of the same lot, dissolved under similar conditions. 
The solution of the neoarsphenamine was never older than six minutes from 
the time the ampoule was opened. The injections were administered at the 
same time in the morning. 

The experiments on. the white rats were performed in two series, the first 
one from May to June, and the second one from September to October, 1939. 
One hundred animals were used in the first series, 10 rats being injected daily 
for ten consecutive days, beginning May 24. The second series of experiments 
contained 140 animals, 10 animals per day, and began on September 19. The 
date of injections and the date of death, as well as the maximal and minimal 
daily temperature and barometric pressure for these days, are presented in 
Chart 1. 

In the upper part of the chart are recorded the days, designated by black 
dots, on which the rats Avere given the neoai-sphenamine at the tail. Each 
cross represents a death of one animal and is plotted on the day when this 
death occurred. The black lines, starting from the lilack dot, are extended to 
the right, and the crosses on these lines represent the death of a sino-le animal 
on a certain day, and indicate the group to which the animal belonged. 

First Group.— Line 1 (Alay 26) shows 4 deaths in two daily groups. At 
this date tlic barometric pressure was at its crest. Line 2 (May 29) reveals 4 
deaths in three daily groups. Low temperature and high barometric pressure 
existed. Lines 3 and 4 (May 30 and 31) show 4 deaths in three daily groups 
for Jlay 30, and 6 deaths in four groups for Alay 31. On these two days ive 
had noticeable atmospheric disturbance indicated by great differences betw 
tile maximum and minimum temperatures. With line 5 (June 1) 9 deatlis 
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were observed in five groups. The Iciiipei-atiu-e n'ii.s ialiing and barometric 
pressure was rising (polar air inns.s). Oji lixie 6 (Jinie 2) 11 deaths in si.\ 
daily groups arc noted. Differenec between maxinium and miniinmn tem- 
peratures was well pronounced, and the mean temperature decreased slowly. 
Lixie 7 (June 3) indicated 11 deaths in seven daily groups. There was a fall 
in temperature and a sharp rise in barometric pressure (polar air mass). 



Chart 2 . — Mortality protocol of rats injected with neoarsphenamine. Spring and autumn 
Upturned arrows indicate days of increased raortaiity. 


groups. 


Second Group . — In the September to October group line 8 (Septemljer 28) 
indicates 12 deaths in three daily groups. On this day there was a drop in 
temperature and the difference between maxinium and minimum tempei-atiires 
was pronounced. Lines 9 and 10 (September 25 and 26) reveal the passage of 
a major polar air mass. Twenty-seven deaths are indicated in six gronp.s on 
September 25, and 13 deaths in four groups on September 26. Line 11 (Sep- 
tember 2S) reveals 12 deaths in three daily groups. The difference between 
maximum and minimum temperatures on this day was large. Line 12 
(September 30) falls on the day of a polar front; 6 deaths were recorded in 
two daily groups. Lines 13 and 14 (October 1 and 2) indicate S deaths in 
four groups, and 9 deaths also in four groups. The barometric pressure was 
still rising, the temperature Avas comparatively low, and the difference between 
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maxiniuni and. niinimuni temperatures was pronounced. Lines 15 and 16 
(October 3 and 4) show 6 deaths in three groups (October 3), and 12 deaths in 
four daily groups (October 6). On these days the temperature was rising and 
liarometric pressure was falling. Disturbance is indicated by the large dif- 
ferences in maximum and minimum temperatures. 





10 20 22 24 2() 2fl 301 3 5 7 

S«ptemb«r 1939 October 

Chart 2. — Graph to illustrate similar trends in mortality for the autumn rat and rabbit groups. 


From these observations the following conclusions may be drawn: 

1. Neoarsphenamine is more toxic to white rats when meteorologic dis- 
turbances at the time of its administration are more pronounced. 

2. The most toxic effects of neoarsphenamine in white rats are found to be 

on the days when the temperature is low and the barometric pressure is hi^h 
(passing of polar air masses). ° 

3. Neoarsphenamine is more toxic on the days when the temperature rises 
rapidlj' and the barometric iiressure falls abruptly. 

4. Neoarsphenamine is also somewhat more toxic when the dift’erence be- 
tween the maximum and minimum temperatures is great. 

a. Increased toxicity holds for the deaths occurring immediately after the 
injection of neoarsphenamine as well as for delayed deatlis. 
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Rabbits and Ruts of September-Oetobcr Group . — During the experimental 
tioii from September to October, 1939, it was possible to give the injections to 
rabbits (Nedzel) and white rats simultaneously. The results are presented in 
Chart 2. It becomes quite evident tliat the days when a larger number of 
deaths occurred among rabbits, a larger number of deaths among the rats also 
occurred (lines 1, 2, 3, 4, 5, and 6). 

The following conclusions seem justified : 

1. Similar environmental situations increase the toxicity of neoarsphenamiiie 
for different kinds of animals (in this case, rabbits and white rats). 

2. Some days when rabbits survived or died in smaller mimbei's, were more 
fatal for the rats because of their greater susceptibility to the neoarsphenamiiie. 

3. The days on which i-ats survived or died in a small number coincided 
with similar lessening of deaths for rabbits. 

REFERENCE 
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A EESPIRATION TAJIBOUB WITH SOi^IE UNIQUE FEATURES*^ 


Hans Ash, Galveston, Tex^vs 


M any varieties of respiration tambour are now in use in teaching and re- 
search laboratories. It is safe to say, however, that there is room for im- 
provement in this type of apparatus. In teaching laboratories the simply con- 
structed apparatus is preferred. Because it is handled by inexperienced hands, 
a breakdown of the apparatus ocem-s frequently in the middle of an experiment. 

A respiration tambour should give satisfactory recordings trom large an- 
imals, such as dogs, as well as small animals, such as rabbits. A cozmeet recording 
from any kind of pneumograph or stethograph is advantageous. The cost of 
the apparatus should be reasonably cheap. The apparatus herein described 
meets these requii’ements. In addition it is easily adjusted. This eliminates 
confusion and may save the experiment. 

This tambour is shomi in Pigs. 1, 2, and 3. The air cup P is cone-shaped, 
42 mm. by 35 mra. This shape appears to eliminate some vibration of the 
writing lever. It produces a satisfactory record on the kjmiograph paper even 
with small animals, from which a good I'ecord is sometimes hard to obtain with 
many tambours. 

An important adjustable feature is a flat piece, 35 mm. by 7 mm. by 4 mm. ; 
A, Pig. 1, with one end fastened to the bottom of the tambour cup with an 
adjustable screw B. This enables arm A to be swung into any horizontal 
position. The opposite end of A is of different dimensions, 8 mm. by 7 nzm. by 
7 mm. Through a hole in this end, a vertical rod G, SO mm. by 4 mm., is fitted. 

^rom the Department of Pharniacolosi'. Medical Scliool, University of Te.vas, Galveston. 
Received for publication, February lO. 19-I1* 



ASH: UESPlRATIOX TAAIBOUR 


723 


The bottom end of this rod is smaller in diameter than the top, the lower 30 mm. 
being 3 nun. in diameter instead of 4 mm., as it is at the top. This prevents the 
rod from slipping do-wm in its entire length when being adjusted. A screw, D, 
in the end of the bottom piece. A, clamps the rod in the desired position. This 
rod adjusts the position of the writing lever in the horizontal plane. The top 
of the rod G is square ; E, Fig. 2, measures 8 mm. by 7 mm. by 7 mm. Through 
a hole in this end is a horizontal rod F (Pig. 2), 70 mm. by 3 mm. One end of 
rod F is threaded and holds the lever assembly G. ilovement of the lever 
assembly G about the axis of rod G, and by means of adjustment of the distance 
of this assembly from E accomplishes the change of position of the lever 
assembly to either side of the assembly I, which transmits the force from 



Pig. 1 — Lever joint is placed in front of the connection pin, reversing the direction of the writ- 
ing level from the usual arrangement. 

the tambour to the writing lever, •/. Rod F is clamped in position wth 
screw H on the end of vertical rod C. This change in position of the lever 
assembly G mth reference to the fulcrum assembly I, enables one to change the 
direction of the movement of the lever. And in this way an adjustment to any 
type of pneumograph or stethograph can be made to obtain an upward move- 
ment of the record to represent inspiration. So far as we know this is a unique 
feature of this apparatus. 

The footplate K, which is cemented to the rubber diaphragm, is connected 
to I by means of a swivel joint. This arrangement prevents the tearing loose 
of the footplate from the diaphragm when adjustments of the writing lever 
are made. This feature is also unique and can be used on any kind of tambour 

The writing lever J consists of an ordinary aluminum or straw heart lever 
It is attached at L to the permanent portion of the lever assembly. It is how- 
ever, attached to the pivot .11 of the lever a.ssembly with a small screw .v’set in 
a block 0, in the same manner as an open-jawed support clamp. By this means 
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the lever may be moved not only baelnvards and forwards but it may also be 
lifted out of the block 0 from any position. The block 0 which holds the lever 
is also attached to pivot .1/ by the same arrangement. 


Pis. 2. — Wilting lever turned in one of the many directions in which it can be placed. 




Pig 3 Tiie lever joint is placed behind connection pin as in the usual tambour arrangement. 

The apparatus is made of sheet copper and brass rod which are nickel- 
plated. The cost is reasonable and the appai’atus is easilj* made by any com- 
petent mechanic. 



THE SEDIMENTATION BATE IN GOUT* 


Bussell L. Hadex, M.D., and Jack Ivixell, M.D. 
CLEVELiVND, OhIO 


T he sedimentation rate of erythrocytes lias been investigated thoroughly in 
most rheumatic states, but it lias not been studied to any extent in gout. 
Hill,’^ and Gibson and Kersley,* report the sedimentation rate in a fairly large 
series of eases of gout. A few other reports, representing small series of cases, 
have appeared. Here, however, the records relative to the sedimentation rate 
in gout have been presented only as interesting observations ineidental to the 
study of joint disease as a whole. 


PROCEDURE 

We have studied the sedimentation rate in 100 consecutive eases of gout; 
21 of these were patients with tophaceous gout and 79 were of the pretophaceous 
type. The diagnosis in the latter group ivas established by careful consideration 
of the history and physical and laboratory findings. The patients also were 
studied with reference to the activity of the disease at the time the examination 
was made. The level of uric acid in the blood was likewise determined. 

For comparison, the sedimentation rate was measured in 50 apparently 
normal persons, in 100 consecutive cases of rheumatoid arthritis, and in 100 
consecutive cases of osteoarthritis. 

The erythrocyte sedimentation rate was determined by the method of 
Eourke and Ernstene^ in which correction is made for the red blood cell volume. 
The upper limit of normal is considered 0.45 mm. per minute. The blood uric 
acid detemrination was made by the Morris-Macleod'* technique and 2,5 mg. per 
cent was taken as the upper limit of normal. 

RESULTS 

The sedimentation rate in 100 cases of gout in all stages of activity ranged 
from 0.22 to 2.30 mm. per minute, with an average rate of 0.94 mm. per minute- 
87 per cent of the patients showed an increa.se in the rate above the upper limit 
of normal of 0.45 mm. per minute (Table I) . 

The average sedimentation rate found in the normal group, in the group 
with osteo-arthritis, and in the rheumatoid group was 0.24, 0.51, and 0 98 mm 
per minute, respectively. These are shown and compared with the "out "rmm 
in Table 11. ^ 

In Table III is recorded the average sedimentation rate found u-hen tli 
cases of gout were classified according to the activity of the disease The average 


•From the Cleveland Clinic, Cleveland. 
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blood uric acid for eaeb of these groups is noted also. Tiie a rerage rates found 
are 1.13, 0.87, 1.21, 1.02, and 0.6S nun. per minute for the acute, acute subsiding, 
chronic progressive, chronic, and inactive groups, respectively. Tlie average 
blood uric acid values are 3.8, 3.7, 3.3, 3.9, and 4.0 mg. per cent for each group 
given in the same order. 


Table I 


Sedi-mextatiox R.\te i.v Gout 


Sedimentation rate in millimeters 

Under O.IO 

O.IG-O.OO 

O.fiO-O.SO O.SO-1.00 

1.0 Plus 

per minute 





Number of cases 

IR 

S 

16 15 

IS 

Per cent 

13.0 

S.O 

16.0 15.0 

IS.O 

Average sedimentation rate 

0.01 

mm. per minute 


Highest 


2.30 

mm. per minute 


Lowest 


0.22 

mm. per minute 



Table II 


CoMP.VRisox OF Sediiiext-vtiox ]{.\te.s in XoiiMAL Persons, Artiikitis, and Govt 


DIAGNOSIS 

NUJIBER OF CASES 

1 AVERAGE SEDIMENTA- 
TION R.VTB 

Normal persons 

50 


Osteo-artliritis 

100 


Rheumatoid arthritis 

100 


Gout 

100 

0.91 


Table III 


Activitv or Disease, Average SEDniENTATiox Rate, and .\ver.vge Blood Uric Acid in Gout 



1 ACL'TE j 

ACL'TE 

SVBSimNG 

CHRONIC 
PROGRES- 1 
SIVE 1 

ciiRo.Nir 

INACTIVE 

Number of cases 


26 



■EBB 

Per cent 


26.0 




Ai'erage sedimentation rate in mil- 
limeters per minute 


0.S7 

H 

H 


Ar-erage blood uric acid in milli- 
grams per cent 

3.S 

0.7 

1 

3.3 

3.9 

1.0 


DISCUSSIOX 

Since the original investigations of Fahraeus“ on the sedimentation rate 
of erythrocytes, much interest has been shown in tliis property of the red blood 
cells. Many studies in rheumatic disorders have shown the sedimentation rate 
to be consistently elevated in rheumatoid arthritis, Avith only sbght eleimtion 
in the osteo-arthritie type, probably not out of proportion to the advanced age 
of the persons in Avhom it occurs. The findings of otheis have been essentially 
in agreement with the average Amines cited in Table II, talcen for comparison 
AAuth our aAmrage Amlues for gout. 

In the occasional case of gout studied Avith reference to the sedimentation 
rate, there has usually been a tendency to an increased A-eloeity of settling of 
the erythrocytes, but the striking uniformity in this mcrease in the rate and 
the magnitude of this increase probably has not been properly appreciated. 
Kahlmeter,“ in a discussion on the sedimentation rate in rheiimatie disorders. 
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reported observations with respect to this in 6 cases of gout, 3 active and 3 
chronic. He found tlie .sedimentation rate.s definitely elevated in the active eases 
with rates only slightly above normal in the chronic cases. He does not indicate 
clearly whether the ca.ses in the latter group represent chronically active disease 
or whether they ai’c merely cases of long duration with intermittent clinical 
activity. Heneh^ states that the sedimentation rate is elevated in gout but lie 
does not further elaliorate on this statement of fact. Hill,‘ reporting his observa- 
tions on 93 eases, observed that the sedimentation rate varies considerably in 
gout, being markedly increased only during acute attacks and returning quicklj'- 
to normal following the acute episode. Clibson and Kersley^ found the erythro- 
cyte .sedimentation rale to be increa.sed in 59 per cent of 68 eases of gout they 
.studied. It is their belief that the sedimentation rate measures the factor of 
severity of the local tissue reaction. 

Although the average rate found here for the 100 consecutive eases was 0,94 
mm. per minute and an elevation above normal occurred in 87 per cent of the 
patients, it .should he emphasized that the .sedimentation rate may be found 
to be within normal limits in certain instance.s. Thirteen of the 100 patients 
had rates of 0.45 mm. per minute or less. However, in each instance the gout 
was either subsiding after an acute exaceibation or was classified as inactive. 
On the other hand, many ea.ses of inactive and subsiding acute gout were .seen 
in which the readings were decidedly elevated. 

The sedimentation rate tends to reflect in part, at least, the activity of the 
disease. This interesting observation is drawn from e.xamination of Table III, 
where it i.s seen that the highest average values in the common type of in- 
termittently active gout occurs in the group representing the acute phase of 
the disease. As the process becomes less active, the average rate is reduced, 
as noted in the average values found in the acute subsiding and inactive groups. 
When the disease tends to be of a progressive nature, the sedimentation rate 
reaches its highest level. The observations made in this particular group, how- 
ever, represent only 2 cases and are, therefore, sub,iect to criticism. The average 
value found in the chronic group is about as ivould be e.\'peeted, being neither 
e.xtrcmely high nor as low as in the inactive group. The shift in the sedimenta- 
tion rate noted with respect to the activity of the disease is, of course not 
peculiar to gout. Essentially the same reaction is encountered in rheumatoid 
arllirilLs, 

There is no adequate explanation for the elevation of the sedimentation rate 
in gout at the present time. Infection is certainly not a factor, for careful 
survey of those individuals for chronic foci has usually proved unsucee.ssful 
Treatment or removal of infected teeth, tonsils, sinuses, or prostate glands had 
been carried out in 45 per cent of thc.se eases before tliey came under our ob- 
servation, without affecting the eour.se of the disease. Oilligan and Erastene* 
have demonstrated tliat tlie plasma fibrinogen level is the major factor in con- 
trolling the sedimentation rate. A.ssuming an increase in the plasma fibrino-mn 
in govit, one may offer a pos.sible explanation on a basis of faulty intermedim-v 
protein metabolism or perhaps on tlie basis of impaired liver function A fiuic 
tional dislurb.-mce in (he liver in gout does not .seem unlikely, .since the.so palicntt 
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are abnost uniformly obese and are noiorious for tlieir indiscretion regarding 
diet and the use of alcoliol. 

An examination of the data, as shown in Table III, fails to reveal any 
parallelism between the sedimentation rate and the level of the blood uric acid 
which reflects in part, at least, the extent of metabolic dysfunction. 

SUMMARY 

1. The sedimentation rate was found to be elevated above 0,45 mm. per 
minute in 87 per cent of 100 cases of gout. The average rate for the series was 
0.94 nun. per minute. Tlie upper limit of normal by our method is 0.45 mm. per 
minute. 

2. For comparison the sedimentation rate in 50 apparently normal per- 
sons, 100 cases of osteo-arthritis, and 100 cases of rheumatoid arthritis was 
determined. The average rates found u'ere 0.24, 0.58, and 0.98 mm. per minute, 
i-espeetivelj'. 

3. The sedimerrtation rate varies rvith the activity of the disease, being lo^ver 
in acute subsiding cases than in acute cases, and reaching its lowest level in in- 
active cases. It reaches its highest level in the clunnic progressive type of gout 
and an intermediate level in the simple chronic type of the disease. 

4. There is no apparent correlation between the sedimentation rate and the 
degree of metabolic dysfunction, as indicated by the level of the blood uric acid. 

5. The sedimentation rate niaj’- at times be of value in the differential 
diagnosis of gout, osteo-arthritis, traumatic arthritis, bursitis, tendonitis, 
fibrositis, aird periarthritis. 
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THE EOLB OP AUTO-ANTIBODIES IN THE SERODIAGNOSIS OP 

SYPHILIS^ 


A. W. Ratcliffe, jM.D., Chicago, III. 


T he history of the serodiagnosis of .syphili.s and the speculation as to the nature of the 
constituent of serum that reacts with tissue lipids in the present-day serodiagnostic tests 
for syphilis have been .summarized by Eagle.^' ** From the 1937 summary^ it seems con- 
troversial as to whether reagin is an antibody to lipid haptens of the host, liberated at foci 
of infection and activated by spirochetal protein, or an antibody to the spirochete which con- 
tains a lipid related to those found in mammalian tissues (and in vegetables, as as well as 
possibly in other bacteria and protozoa, the so-called ubiquitous lipid). Eecent work with the 
spirochetal complement-fixation testio seems to indicate that the .spirochete of syphilis .stimu- 
lates the production of at least two separate antibodie.s, (a) antilipid and (b) antispirochotal, 
both in response to substances contained in the spirochete. 

With no thought of disparaging this admirable work, but rather with the hope of 
emphasizing its potential significance, exception must be noted to the implication of the re- 
peated statement that ‘ ‘ there seems no a priori reason why spirochetal protein should uniquely 
activate the lipoidal tissue hapten and thus initiate antibody production, while in other con- 
ditions in wliich there is just as much ti.ssue destruction and in which some other bacterial 
protein is available as the activator, the Wassermann remains consistently negative. lo 
While there is indeed no apparent “a priori reason,” the implication that serodiagnostic tests 
for syphilis remain consistently negative in other conditions is not beyond question.) From 
the reports of biologically positive reactions in certain nonsyphilitic diseases in 
manii s, r, o, 25 , 20 , as, 32-.34 and lower animals,2'* the occurrence of positive reactions in ap- 
parently normal lower animal.so. .31 and the possible occurrence of reagin in normal hu- 
man serum2 all constitute evidence that must not yet be disregarded. 

Eoseburyi2 pointed out that, theoretically, .spirochetal protein is not necessary for the 
activation of autogenous lipoidal hapten;?, and Kahnis emphasized the possibility that in 
the presence of tissue destruction lipid protein combinations may be liberated similar to 
those liberated in syphilis. He further pointed out that in rare instances traces of tissue 
proteins and lipids liberated in the proce.ss of metabolism might be sufficient to stimulate 
antibody production agaimst lipids. 

The production of auto-antigen.s within the living body of an e.xperimental animal 
(guinea pig) by application of the physical agents of heat or cold has recently been reported 
by Karady'a but has not been confirmed. 

Ecference has already been made to the occurrence of positive reactions in man ‘ 
certain diseases other than .syphilis. Particular attention is called to the report of Taoka33 
that po.sitive serologic reactions were found in 2-1 per cent of 100 patients with car- 
cinoma of the cervix uteri as compared with only 10..3S per cent of lOG general in-patients- 
also Stojalowski32 found that of S30 ca.ses studied by post-mortem examination there were 
lo with no post-mortem sign of syphilis, which had been diagno.sed and treated for sjmliilis 
In 3 cases serologic tests were not done; in 3 cases serologic reactions were negative- and' 
in 7 cases serologic te.sts were done only in the moribund stage. In correlating the o ’ 
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mortem histologic diagnoses with the serologic findings he found that: of 2 cases of carcinoma 
2 were positive; of 5 cases of tuberculosis 2 were positive; and of 5 cases of myocarditis 2 
were positive. 

It has been reported that positive serologic reactions for syphilis have been induced in 
rabbits by the injection of various preparations. These include: killed cultures of T. 
pallidum ;-o> ai aqueous extract of syphilitic liver n. lo alcoholic e.vtract of syphilitic liverL 
and syphilitic rabbit’s testiele;'^ nii.vtures of lipid e.xtracts from various normal human, 
rabbit, or beef organs with some foreign protein;', s, is, lo, so, ss a mixture of lecithin and 
hog serum ;c' wa.shed flocculcs from positlv’c reactions of human .serum from syphilitic pa- 
tients3, s. 20 and from malarial patients, and of pooled bovine serum, and sj^philitic 
rabbit serum ;3 aolanj^r .and emulsions of hamster tis.sues.^s Positive reactions in rabbits 
have also been noted as a result of e.vperimental infection with bovine tubercle bacillus,^! 
and have been induced in human beings by the injection of killed cultures of T. pallidum, 
and killed trj'panosomes. 23 , sa 

Reports of unsuccessful attempts to produce artificial positive reactions in rabbits 
include the injection of alcoholic extracts of normal human heart and normal infant 
Iiver;ii alcoholic extracts of (s 3 'philitic ?) liver;'® alcoholic extracts of normal rabbit’s 
testicle;'-' turpentine, dilute alcohol, and h-tetrahydronaphthylaminc;^-' and floccules from 
positive tests on normal rabbit serum,® and human leprous serum (one trial only) .29 

Because of the incidence of positive reactions in rabbits,®' it is 
difficult to interpret all of these I'eports. However, they seem to indicate that 
it is possible artificially to induce jicsitive serologic reactions in rabbits by 
various methods, many of wliich in no wa)' involve either T. pullidum or any 
speeific derivative of it. 

With these things in mind it appeared that the auto-antibody theory might 
account for positive reactions with lipid antigen in the absence of sypiiilis, and 
that it might he susceptible to investigation by animal experimentation. 

EXPERIMENTAL 

Materials and Methods. — Babbits, after preliminary serologic study, 3 vere 
variously treated in attempts (a) to produce pathologic changes characterized 
by chronic inflammation and degenei-ative changes simulating the essential 
lesions of syphilis while observations of the reagin titer were made at frequent 
intervals; or (b) to stimulate or to augment the production of reagin by the 
injection of various extracts of homologous tissue or preparations of autogenous 
serum. 

Necropsy has been performed upon these animals to observe any correlation 
between the serologic flndings and the pathologic changes. 

The serologic examination included the Kahn Standard, Kline Diagnostic, 
and the Mazzini flocculation tests; quantitative tests were done whenever a four- 
plus reaction was encountered. Complement-fixation tests were attempted, 
but the high incidence of anticomplementary reactions rendered the results 
almost wordiless. For a time the sera were heated for thirty minutes at 62° C. 
instead of 56° C., in an attempt to reduce the incidence of these antieom- 
nlementary reactions. It was observed that heating at this higher temperature 
reduced not only the anticomplementary actmty but also the reagin titer ; conse- 
quently, this deviation from the regular technique was soon abandoned. 
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Incidence of Serologic Reactions in JJntreated Rabiits. — The sera from 18 
rabbits were tested after beating at 56° C. for thirty minutes; 2 were Kahn 
negative, 2 were Kline negative, and 6 were Mazzini negative. The reactions 
of the others ranged from a one-plus reaction to a titer of 5. Three rabbits were 
not tested with the complement-fixation test and 2 of them were anticomple- 
mentary in all reacting dilutions ; of the 13 on which readings were obtained, 7 
were negative. 

The sera of 10 rabbits were tested after heating at 62° C. for thirty minutes ; 
10 were complement-fixation-negative, 8 were Kahn negative, 8 were Kline nega- 
tive, and 8 were Mazzini negative. The same 2 rabbits reacted in the Kline and 
Mazzini tests; the 2 'rabbits whieli reacted in the Kahn test were negative to all 
other tests. 

From these groups animals were chosen for further study. 

Variation of Serologic Titer in Untreated Rabbits. — Of the 8 rabbits first 
chosen for study all but one showed considerable variation of reagin titer, as 
demonstrated by the flocculation te.sts; one animal gave consistently negative 
results ■with all tests. A studj"^ of the records of these animals reveals that (a) 
upon repeated examination the various techniques did not show similar variation 
of titer, one rabbit excepted; (b) upon repeated examination ndth a given 
technique the various animals did not show a uniform variation from the titer 
of the previous examination with the same technique; and (c) in general, the 
Mazzini technique in repeated examinations of a given animal seemed to show 
a lower titer and less variation in titer than did either the Kline or Kahn test ; 
one rabbit represents an exception to this observation and exhibited a lesion 
(eehinocoeeal cyst) not found in the other animals. 

While the possibility of some daily variation in the sensitivity of the various 
antigen emulsions cannot be completely ruled out, these observations are con- 
sidered as sufficient evidence for the belief that this factor does not account for 
the variations in titer observed under treatment. 

PATHOGENIC -AND IMMUNOLOGIC PKOCF.DURF-S 

1. The injection of flocculate from positive human serum. In order to 
secure a preliminary observation as a basis of comparison, a female rabbit, which 
had shoAvn clearly negative results over a period of six -weeks, was given weekly 
intravenous injections of washed flocculate from mixtures of ilazzini-anti"en 
suspension and positive human serum. A total of 9 injections of floecules from 
0.6 ml. of four-plus serum was given. 

One week following the third injection the Kahn test slimved a one-plus 
titer; the following week this had increased to a two-plas. Just before the 
fifth injection the Kline, iMazzini, and complement-fixation tests showed partial 
positives for the fir.st time. The ilazzini te.st gradually rose to a titer of 10 be- 
fore the eighth injection. During the following week it droiiped sharply to 
one-plus. 

2. Intra-abdominal transplant of rabbit’s aorta. A tre.shly removed rabbit 
aorta was placed in the peritoneal cavity of a female rabbit. Xo abnormalities 
were observed, and clinical recovery was uneventful. The Kahn titer rase fr 
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one-plus to two-plus two weeks n£tev the operation, and ^vas uiaintaiued at this 
level until the seventh week u’hen it dr-oppecl again to one-plus. The Kline titer 
was slightly diminished during the fii'st four weeks, returned to one-plus in the 
fifth week, rose slightly in the sixth ireek, and returned to one-plus in tiie 
seventh week. The Ufazzini titer was slightlj’’ elevated in the fourth, fifth, and 
sixth weeks, and again dropiied to negative in the seventh week. Necropsy in 
the eighth week sho^ved an encysted gj-amdoinatous mass enclosing the trans- 
planted aorta. 

3. Liejation of the splenic pedicle. .*4 female rabbit was subjected to 
laparotomy, at which time the splenic pedicle was ligated. No abnormalities 
Avere obseiu'cd, and clinical recovery was uneventful. 

The Kahn titer rose to three-phis in ten days and to four-plus in thirty-one 
days after the ligation. During the next iveelc it droiiped to one-plus. The 
Kline and Mazzini tests showed no significant variation of titer. The comple- 
ment-fixation test was one-plus hvo and one-half iveeks after surgery, but later 
examinations Avere again negative. Necropsy in the seventh week revealed re- 
placement of the greater portion of the spleen by a nonsj)eeifie granulomatous 
mass exhibiting central necrosis resembling caseation. 

4. Injeciioiv of homologous thsuc preparations. The heart, aorta, li\’er, 
brain, and psoas major muscles of an untreated female rabbit Avere dehydrated 
in repeated changes of acetone. The dehydrated tissue Avas fin el}' chopped 
and mixed for the preparation of the A-arious exti'aets. 

A. Aqueot(s extract of homologous tissues 

Three grams of this dehydrated rabbit tissue were mixed Avith 50 ml. of O.So 
per cent sodium chloride solution and shalren mechanically for an hour. This 
mixture Avas filtered, the residue Avas discarded, and nierthiolate, 1:40,000, Avas 
added. Tavo rabbits Avere giA'en AA-eeldy intra-abdominal injections of this 
aqueous extract, starting Avith a dose of 1 ml. and increasing to 3 ml. in the 
seventh Aveek. One rabbit showed no significant A^ariation in serologic titer 
during eight Aveeks, nor Avere significant changes found at necropsy. The other 
rabbit shoAved some fluctuation in the Mazzini titer, and a gradual increase 
in the Kahn titer from negative at the end of the second Aveek to three-plus at the 
end of the eightli Aveek, This latter rabbit at necropsy exhibited a splenic lesion 
AAdiicli consisted of a cystlike yelloAv mass containing dirty dark-brown cheesy 
material. Microscopical!}'', it could be seen' that the yellow color was due to 
yelloAV droplets in phagocytic cells AAdiich composed the inner portion of the 
“cyst” Avail. These cells appeared to be large mononuclear cells, which in some 
areas exhibited a loss of cell outline and resembled syne}diHi75. Multinuelear 
cells of the foreign-body type AA'ere seen. TJje etiology of this lesion remains 
obscure. 

B. Lipid extract of homologous tissues 

Fifteen grams of tlie dehydrated rabbit tissues AA'ere treated to obtain ether- 
soluble acetone-insoluble and ether-insoluble alcohol-soluble fractions Avhieh u'ere 
mixed in alcoholic solution and portions used for injection after being qnieldy 
added to an excess of 0.85 per cent sodium chloride solution. 
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Two rabbits got weekly intra-abdominal injections of this extract, 0.5 ml. 
in each of the first four doses and 1.0 ml. in each of the last three. One of these 
rabbits after negative preliminary tests exhibited a gradual rise to a two-plus 
Kahn and a one-plus Kline and Mazzini; no significant lesions were found at 
necropsy. The other rabbit exhibited preliminary reactions varying between 
three-plus and a titer of 10. Under treatment the Mazzini titer ivas constant 
at four-plus ; the Kline fluctuated from a level of three-plus ; and the Kahn was 
at first diminished to a two-plus and then rose to a four-plus level. At necropsy 
an echinoeoecal cyst was found. 


C. Protein derivatives of rahhit tissues (peptic metaprotein) 

The residue of the rabbit tissues after ether and alcohol extraction as 
already described was treated inth 150 ml. of 0.3 per cent hydrochloric acid and 
approximately 0.25 Gm. of pepsin. After ten minutes at 37° C. a small portion 
was separated, while the remainder was permitted to stand for four hours at this 
temperature. The material was filtered, neutralized with sodium hydroxide, 
and heated to boiling. The products of the ten-minute and the four-hour incuba- 
tions were mixed. This preparation yielded positive biuret and xanthoprotein 
reactions; Millon’s reaction was negative. A precipitate formed upon the addi- 
tion of ammonium sulfate, but boiling did not cause precipitation. Merthiolate, 
1 -.40,000, was added. 

Two rabbits were treated with weekly intra-abdominal injections of this 
preparation, the doses increasing from 1.0 to 3.0 ml. in the ninth week. Both 
animals showed slight increases of the Kahn titer wfithout significant change in 
the results of the other tests. Neither animal showed significant lesions at 
necropsy. 


D. Recombined lipoid and peptic metaprotein from rabbit tissues 

A portion of the peptic metaprotein extract was treated by adding to it, 
drop by drop, during vigorous agitation, the lipid extract (B) until a prepara- 
tion resembling clear yellow blood serum was obtained. 

Six rabbits were treated with weekly injections of this preparation in doses 
increasing from 1.0 to 3.0 ml. in the ninth week. Two showed very slight tran- 
sient increases of titer. Necropsy revealed in one cysticereoid cysts of the 
omentum and in the other a 5 mm. encysted granulomatous abscess located 
retroperitoneally. One showed fluctuation of the previously constant Kahn titer 
in an elevated range; necropsy revealed no significant lesions. Two showed 
primary diminution and secondary elevation of titer, most marked in the Kahn 
but also evident in the other flocculation te.sts; necropsy revealed no simiifieant 
lesions in one of these, while in the other occasional small areas of patchv 
necrosis were pre.sent in the renal cortex. One, after a previously negative reac- 
tion, showed a definite rise of titer, eUdent in all the tests and comparable to 
that seen in the rabbit injected witli flocculate from human sj-philitic serum 
.Vsidc from blindnc.ss, probably of glaucomatous origin, this rabbit exhibited 
no significant lesions. 


5 . Injcclion of heated uutotjenons scrum. Two rablii(« i . . 

autogenous sernm which had hceu heated one liour at 06° C Tlie do.sa-e^w^ ' 


73-i TiZE JOURSAL OV LABOKATORY ANU CIAXICAI. AIEOrCIXE 

0.5, 0.75, 1.0, 1.0, 1.0, zuul 1.0 ml. zit weekly intervals. Izi one rabbit these doses 
were reinforced witli 0.2 ml. of a 5 per cent suspension of collodion particles 
prepared by the metliod of Zozaya.-*' Both animals showed a gradually ia- 
creasing Kzihn titer durizig the tiz-st four weeks, after which the titer dropped 
in each case. The Kline and Mazzini (iter gradually decreased during the period 
of treatzncnt. Neither rabbit exhibited .significant pathologic ehange.s at 
necropsy. 

DISCUSSION 

The production of a positive serologic reaction following the injection of 
flocculate from human syphilitic serum has been frequently reported and was 
readily eoufinned. The tail of titer that occurred during the eighth week while 
the injections were still in progress docs not seem to have been previously re- 
poi'ted. Neither has the apparent partial specifleity of the antibody produced 
for the particular antigen floeeulate been empliasized. 

The pathogenic procedures of aortic transplantation and splenic ligation 
were each successful in producing local lesions of the desired type. A somewhat 
similar lesion occurred, apparently spontaneously, in one of the rabbits treated 
with aqueous extract of rabbit tissues and may account for the changes in 
titer observed in this animal. 

It is probably apparent that among the various extracts of rabbit tissues 
the lipid-metaprotein preparation constituted the real test antigen, while the 
other preparations were employed as controls. In connection with the apparent 
slight antigenic action of the lipid extract it shortld be mentioned that its free- 
dom from proteins is probably questionable. The colloidal state in which the 
lipid was injected might izossibly tend to increase its antigenicity. 

While with tlie exception of one rabbit ti'eated with lipid-metaprotein prep- 
aration these changes are not of convincing magnitude, they are all compatible 
with the auto-antibody theory and are best explained by it. Fiu'thermoi’e, the 
changes in human subjects where the auto-antibody mechanism may be the re- 
sponsible factor are usuailj^ of similarly slight degree. 

The significance of the spirochetal complement-fixation test, especially when 
done after preliminary absorption with lipids, becomes even greater in the 
face of such an auto-antibody theory. 

SUMMARY 

Attempting to demonstrate evidence which would support or controvert 
the auto-antibody theory in accounting for nonspecific reactions with lipid 
antigens in serodiagnostic tests foi’ syphilis, rabbits were subjected to various 
treatment intended to stimulate or to augment the production of reagin by non- 
specific and noninfectious means. 

1. Granulomatous lesions were produced in 2 rabbits by surgical proce- 
dures ; both animals exhibited slight elevations of Kahn titer betiveeu the second 
and seventh weeks. 

2. Of 6 rabbits treated with a lipid-metaprotein preparation, 2 sho\ved very 
sli«-ht transient increases of titer, one shon-ed flnetnation of tJie previously con- 
stant Kahn titer in an elevated range, 2 showed primary diminution and 
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secondary elevation ot titer, most marked in the Kahn but also evident in the 
other flocculation tests; one, after a previously negative reaction, showed a 
definite rise of titer, evident in all tests and comparable to that seen in the 
rabbit injected with flocculate from human syphilitic serum. 

3. Of 2 rabbits treated vdth heated autogenous serum, both exhibited eleva- 
tion of the Kahn titer during the first five weelts. 

4. Two rabbits were treated with aqueous extract of rabbit tissues. One 
showed no definite serologic change. The other showed a rising Kahn titer but 
was found to have a splenic lesion, possibly a granuloma due to the injected 
lipids. 

5. Two rabbits were treated with a lipid extract of rabbit tissues; one 
showed a very slight transient increase of titer, most evident in the Kahn test, 
and the other exhibited an incidental lesion, Echinococcus cj'st, which is believed 
to have affected the serologic results. 

6. Two rabbits were treated with a peptic metaprotein from “lipid free” 
rabbit tissues, and each showed a transient increase of titer most evident in the 
Kahn test but of doubtful proportions. 


CONCLUSIONS 

While the evidence brought forward may not be entirely convincing, it is 
compatible with, and is best explained by, the conception that reagin is a closely 
related group of antibodies and not a single chemically constant compound, and 
that, while the primary serologic change in syphilis may be the formation of anti- 
bodies to T. pallidum, the potential or actual occurrence of positive or doubtful 
reactions with lipid antigens in the absence of syphilis results from the forma- 
tion of antibodies to the “ubiquitous lipid,” either from some other infectious 
agent or from the tissues of the host, dependent upon the liberation of lipid 
haptens and protein derivatives capable of activating them. 
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VITAL CAPACITY STUDIES IN THE AGED 


Isidore ^Iiller, M.D., Ne\s’ York, N. Y. 


S INCE 1846 the estimation of the vital capacity has been used as a measure 
of respiratory efficiency. A^arious standards and tables have been set based 
on occupation, weight, surface area, standing height, sitting height, and chest 
circumference. These standards were needed for comparison, since differences 
were found in the ability of men with the same vital capacity to resist dyspnea. 
In 1846 Hutchinson^ in his work udth the spirometer used the standing height 
as the standard of comparison, the vital capacity varying directly ivith the 
standing height. Peabody and "Wentworth- also used standing height measure- 
ments; they divided people into three groups, according to height, and made 
average vital capacity readings for each group. Dreyer’ and WesU used sur- 
face area standards in their work. Dreyer® divided people into three groups, 
based on physical fitness. His vital capacity figures varied from high in the 
active athlete and laborer group to low in those with sedentary occupations. 
Training, sex, and occupation all played a part in the vital capacity. 

Mo.st of the work -with vital capacity has been done on adults. Obser\mtions 
made on the aged have been only incidental and were based on relatively few 
eases. Hutchinson^ found an increase in vital capacity with age up to 30 years, 
and a definite decrease after 50 years. Loomis^ stated that with advancing years 
the vital capacity decreased rvith tolerable regularity, about 1.5 cubic inches 
each year. He reported that a healthy adult exhaled about 1,340 cubic inches 
of carbonic acid per hour; in men between 60 and 80 years the amormt fell 
to 930 cubic inches, and in very old men it diminished to 670 cubic inches. 
Charcot'’ found that the fimctions of the respiratory apparatus were weakened 


in old age, the amount of the carbonic acid exhaled decreased, the number 
of inspirations increased, and the vital capacity of the lungs was reduced 
Alyers" studied the vital capacity of 88 women and 118 men, 66 years of a^e 
and over. The average tytal capacity in men decreased with age from 74 per 
cent to 53 per cent; in women it decreased from 52 per cent to 44 per cent 
Pratt' studied the influence of age on the vital capacity of 100 normal men in 
the second to the eighth decade of life. He reported a maximum eapaeitv in 
the third decade, after which it .slowly decreased. Bowen® studied the tytal 
capacity of 184 peoifie between 15 and 85 yeai-s, of whom 64 were over 50 years 
He found the greatest drop between 50 and 60 years. Lemon and Ho'erselP 
stated that ago had little effect before 50 or 60 years, and onlv a variable effect 
after that age. The decrease in vital capacity, if present,' accompanied tlie 

decrease m physical fitness occurring at this period of life TIip r)pr...„o 

Uiip II.U I r. , ‘ ULLltaSe WJIS 


ring at this period of life. The deer 


due not so much to age as to the degenerative changes and to the eham^es i 
height and weight which occiiried in this age group. Levy'« reported his studies 


for DuWicallon, Kcljrutiry 2G. 1311. 
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Oil the vital capacity of 110 men and 71 women, 60 to 94 years of age. In men 
(lie average vital capacity decreased from 2,980 c.c. at 60 to 65 years to 2,350 
c.c. at 86 to 94 years. In iromen the average \'ital caiiaeity decreased from 
1,985 c.c. at 60 to 65 years to 1,460 c.c. at 86 to 92 years. 


Table I 
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1 0 j 

1 2.500 

08.1 

90-94 j 
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The vital capacity studies in this report were made on 744 men, 40 .veal's 
of age and over. These men ivere inmates of the New York City Farm Colon.v, 
a home for the aged. The test was done in the aftei'iioon liours, between meals, 
and in the different dormitories, which are situated on the ground floor and on 
the second floor. Tlie men rested on the side of their beds for thirty minutes 
to I’ule out any possible dyspnea which might be due to iralking or to climbing 
the one flight of stairs. Each man was given three trials at the spirometer, 
and the highest figure was taken as his normal Weight and sitting height 
deteminations were made on each man. TJie vital capacity readings were com- 
pared with the weight and sitting heiglit, and the tables of i\f.vers“ were used to 
determine the percentage of normal. 

Table I gives the average vital capacity and percentage of normal by five- 
year periods. Tliere is a decrease in the average vital capacity from 3,150 c.c. 
at 40 to 44 years to 2,400 c.c. at 90 to 94 years. The deci'case in percentage is 
from 79 to 62. The average vital capacity of tlie group as a wliole was 2,780 c.c., 
71 per cent of normal. Our determinations agree closely with those of Le^w.’‘’ 

DISCUSSION 

Vital capacity is the sum total of tidal, supplemental, and complemental 
air; it is the maximum e.xpiration of aii* as measured by a spirometer after 
the deepest inspiration. Tlie vital capacity decreases witli advancing age. The 
decrease is due to physiologic conditions that occur in tlie aging body. Degenera- 
tive changes are the most important. The lung tissue becomes less clastic, the 
thoracic cage is more fixed, and the muscular power diminishes. 

Pulmonary patholog.v decreases the vital capacity. In 5 patients witli 
pulmonary fibrosis and silicosis, the average vital capacity was 2,040 c.c., 50 per 
cent of normal. The figures for this group would have been lower if we had in- 
cluded several men whose attempts to do tlie test were not accurate. The first 
attempt at the spirometer brought on an attack of coughing and dyspnea, and 
further trials had to be abandoned. In 27 men with bronchiectasis the average 
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vital capacity was 2,130 c.c., o5 ^ gave a similar picture, an 

(30 men) and ^ 62 pL cent of normal. The patients with 

^XSaly type of lesion, with involvement of 

one or both apices or upper lobes. .a^acitv with the exception 

Blood pressure variations had no This group had an 

of the group with " «t°lie^press^ ^ th 

average vital eapaeitj o mitral or aortic areas, and 

heart murmure, ^ normal vital capacity readings. Physical 

men with auricular decompensation in these eases, 

examination reveale mterpreted correctly. A single 

Yital capacity studies reading's - a fall in vital capacity is im- 

reading is not as accurate as a - absence of pulmonary 

portant. A normal vital capacity ,,p,eity of 90 per 

pathologj", a low Vith a vital capacity of 80 to 90 per 

cent and over - co-dered dyspnea^ With 

cent, work can be done, but y 

a reduction in vital eapaei y o ^ ^ dyspnea. With a vital capacity of 

and a slight increase even vdthout effort. Of the 

40 per cent or less, «nt had a vital capacity of 90 

744 patients 40 5'^^® ° ° readings between 70 and 90 per cent; 43 

per cent and ovei ; ^ and 2 per cent had readings 

:: ^deralUrlbut an increase in effort tvonld prodnee dyspnea. 

COXCLU3IOXS 

1 -tv- rlpiprminations were made on 744 men, 40 to 94 years 
1. Vital capacitj ity fvom 3,150 c.c. (79 per cent of 

of age. There was a deer 90 to 94 years. The 

normal) at 0 » . 0 " 2,780 c.c. (71 per cent). The 

vital capae. y , ..i,y are loss of el.stieity of the pulmonary 

fe”, the toed mobility of the thoracic cage, and d.mm.shed muscular 

Pulmonary fihrosts, pulmonary tuberculosis, pulmo.mr.v emphysema, and 
hrcAtoh gA vital capacity readings hclou- normal lor then- age groups 
g Compensated heart cases gave normal vital capacity readiiig.s. Lowered 
Cuics were found in men with blood pressure of 200 mm. and over. 

" 4 A normal vital capacity does not denote the absence of pulmonary 
pathoiokv, a low vital capacity is significant. 
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PIJUIONARY ASPEIifllLLOSIS'- 


J. iL Donaldson, Jk., M.D., C. J. Koerth, M.D., and 
R. G . JIcCoRKLE, M.D., San Antonio, Texas 


A LTHOUGfl iiiyeotic iiifec'tioD.s of the lungs have been recognized for dec- 
k. acles, they are still very interesting and unusually liard to diagnose be- 
cause of their relative rarity. Hughes Bennett in 1842 reported the first case on 
record. Cases of pulmonary aspergillosis reported in the nineteenth century 
were made by Vii-ehow, Dieulafoy, Chaiitemesse, and ^yk}al^ 

The species of the genus Aspergillus are predominantly saprophytic, but 
some arc quite patliogenie. Because of its omnipresence, mriversal infection 
would undoubtedly occur were not tlie vast majority of tiiis genus nonpathogenic. 

Aspergillosis is produced by a moldlike fungus with a basal stem and stalk 
supporting a spore-hearing head. This organism seems to have a definite affiirity 
for the pulmonary sj'-stem,'’ ^ althougli other organs may be attacked, especially 
the kidneys of experimental animals. 

An interesting side light on this disease is given C. W. Dodge : 

The natives of Watusi make use of the pathogenicity of some species of Aspergillus in 
an interesting way, according to Mattlet (1924). When they tvish to wreak vengeance on 
some one, they e.yhuine a corpse of a person recently dead of a pneumomycosis, remove the 
lungs, desiccate them, and mix the powder in a banana beer. Evidently tlie Aspergillus is 
not killed by this proces.s, and the recipient wastes away with the Aspergillosis, without sus- 
pecting the cause .2 

CASE REPORT 

H. B. G. a white male, aged 40 years, a bookkeeper by occupation, who first came under 
observation on April 22, 1940, had a productive cough and fever. In August, 1939, he began 
to run an elevated temperature, and developed a yellow tinge of the skin. He had had a 
cough for several years, and two months before the present e-xaraination he had noticed 
pain in the cheat. X-ray examination (Fig. 1) of the chest on August 6, 1939, revealed 

^rom the Woodmen of the World War Memorial Hospital, San Antonio. 
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numerous seattersd areas of infiltration tlirougliout the middle and upper lobes of the right 
lung, especially marked in the first and second interspaces, while the mediastinum was 
displaced to the right. The left lung showed scattered infiltration throughout the entire 
upper lobe and the upper half of the lower lobe. Diffuse fibrosis was present throughout the 
left lung, especially marked in the upper lobe. Both hilar shadows were increased in density, 
while numerous circumscribed areas of rarefaction %s-ere present in both lung fields. Pul- 
monary tuberculosis was diagnosed from tliis x-ray picture, although the sputum was negative 
for tubercle bacilli. The patient entered the Texas State Tuberculosis Sanatorium on 
October IS, 1939. ilany sputum examinations before entrance to the Sanatorium were 
negative for tubercle bacilli, as were numerous ones made during his six months ’ stay at this 
institution. 



Fig. 1. — X-ray examination on Aug. 6. 1939, revealed numerous scattered areas of infiltra- 
tion throughout the middie and upper lobes of the right iung. Areas of infiltration were present 
throughout the left upper lobe and the upper part of the lower lobe. Xumerous areas of rare- 
faction were present in both lung fields. 

Lipiodol injection of the bronchial tree revealed evidence of the presence of bronchiectasis, 
while a tentative diagnosis of cystic disease was made from the scattered areas of rarefaction 
observed in the x-ray examination. 

The patient’s family history was irrelevant. When a small child, he had measles, 
mumps, pertussis, and chickenpo.x. In 191S he had inlluenza, and on one or two occasions 
since that date he has had repeated attacks. He had malaria in 1923 and a transient attack 
of asthma in August, 1938. 

In an elTort to determine the possible etiology of tlie asthmatic attack, the patient 
wa.s referred to the allergist. Dr. B. H. Reinarz. He reported the patient to’ be sensitive 
to the following allergens: Inhalantx, wool, mohair, and sterile mycclia. Poods-, beef corn 
lamb, mutton, pork, veal, oliocohile, goat’s milk, and cow’s milk. ’ ’ 

Physical examination of all .systems wa.s negative, e.vcept :i.s will he noted. There was 
hhinching and thickening of the mucous membrane throughout the nose, with htmines- of t! 
sinuses, that of the left nmxillary being especially marked. ' 
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Inspection of the chest siiowcd the thorax to be poorly nourished, with all the !>ony 
landmarks prominent. Tlioro was a yellowish tinge to the .skin. Deereased expansion was 
observed over the upper half of each iiemithorax, there being a more marked restriction of 
e.xpansioa on the left. Jncrensetl tactile fremitus was present over tlic upper lobe of the 
left lung. Impaired resonance was elicited upon pcrcus.slon of the right chest from the ape.v' 
to the second rib anteriorly, und from the apex to the spine of the .scapula posteriorly. 
Impaired resonance was present over the anterior portion of the left ehest from the apex to 
the fifth rib, and from the apex to the angle of the scapula posteriorly. From auscultation 
the presence of harsh breath sounds was noted over the apex of the right lung anteriorly and 
posteriorly. The wliispered voice was increased in intensity over the same area, but no rales 
were present. Increased intensity of the breath sounds was noted from the left clavicle to the 
fourth rib anteriorly, and over the .suprascapular region posteriorly. Fine and medium moist 
rales were observed in these same areas. 



Fig. 2. — X-ray e.xamination on April 22. 1240. showed some clearinef of the induration in botl> 
lunffs since the last examination. Fibrosis was marlced in bofii lung fields. 

X-ray examination on -April 22, 1910 (Fig. 2) revealed a decrease in the degree of the 
infiltration observed in the right lung on previous examination. Fibrosis was still marked 
especially in the middle and upper lobes. The mediastinum was displaced to the right. There 
had been slight clearing of the infiltration in the left lung. Scattered areas of rarefaction 
were still present in both lungs. 

The urine was negative, except for an occasional pus cell; the erythrocyte count was 
3,930,000; the leucocyte count was 7,000; the hemoglobin 85 per cent (Dare); polymorpho- 
nuclear leucocytes 65 per cent; lymphocjdes 20 per cent; monocytes 10 per cent; eosinophiles 
3 uec cent; Kahn test negative; sedimentations, r rate 3.5 per cent, 14.5 per cent, 43 per cent; 
Weltmanns coagulation band 8. Ten sputum specimens were negative for tubercle bacilli. CuL 
tures of the sputum on Sabouraud’s glucose agar resulted in a growth of aspergillus, whose 
cultural characteristics are as follows: Milk coagulated, then liquefied; brotli, large whitish 
surface colony; Sabouraud’s and Krainsky's agar, tough, dull, yellowish-white growth; carrot 
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Pig. 3A — Slide culture ot the aspergillus showed mycelial strands from which 
bearing conidia clustered about the conidiophore. 
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infusion ngar, colonies small, round, and spinose; gelatin stab, U’liite, cottonish surface 
growth. Acid but no gas was formed in de.vtrose, saeeIiaro.se, maltose, and lactose. 

Microscopic e.vamination revealed a gram-negative nonacid-fast organism, e.xliibiting a 
branching mycelium with a basal stem and a stalk whicii terminated in a bulbous enlarge- 
ment or conidiopliore around which were clustered numerous conidia (Figs. 3d and SB). The 
conidia ranged in size from one-third to one-half the size of an erythrocyte. 

Intravenous injection of onc-half of a forty-cight-hour agar slant culture of the 
aspergillus caused the death of a grown rabbit in three days. Post-mortem e.xamination of 
the rabbit showed large homorriiagic areas throughout both lungs, liver, and spleen, with 
petechial hemorrhages present in tile cortex of the kidneys. Cultures from the various organs 
were planted on Sabouraud ’s agar, and a pure culture of the organism was recovered from 
the spleen. 

From these findings a diagnosis of pulmonary a.sporgiIlosis was made, and the patient 
was placed upon iodide tJierapy. Potassium iodide wa.s given orally in increasing doses until 
40 drops were given three times daily. The patient’s symptoms have disappeared after nine 
months ' treatment and ho has gained 4a pounds in weight. 

CO.M1IEXTS 

It has often been emphasized that a.spergillosis has a distinct relationship 
to certain occupations. 7’Jiis is most commonly observed among bird fanciers’® 
and pigeon stuffers” wlio feed the birds from their own mouths. TJiis occupa- 
tion affords a double hazard in the infected birds and the contaminated grain. 
Other occupations in which there is prolonged e.vposure to gi’ain dust, such as 
occurs in farming, milling, threshing, and sponge cleaning afford ample oppoi’- 
tunity for infection with this organism.’-® It is likely that often repeated 
massive dosage is the chief factor in the pathogenesis of this disease. Asymp- 
tomatic cases have been found upon routine c-xamination of iron miners in 
certain localities. 

The concomitant occurrence of aspergillosis and other pulmonary diseases 
has prompted many investigators to advance the theory that aspergillosis does 
not occur in man unless the local or constitutional resistance is lowered. 
“Secondary aspergillosis’’ has been reported to complicate pulmonary tuber- 
culosis, primary carcinoma,®’ ” and other iJulmonary conditions. Lowering of 
the genei’al resistance by such diseases as uncontrolled diabetes, carcinoma, 
dysentez’y, and entei-itis predisposes to the infection of the lungs with asper- 
gillosis. . 

Lapham’ in 1926 reported ten cases of primary aspergillosis which she 
divided into two groups, the wet or parenchymatous and the dry or interstitial 
types. However, the classification most often employed i-ecognizes a superficial 
and a deep form. In the superficial type aspergillary catarrh and bronchitis 
are included. The deep type produces necrosis, and caseation of the lung tissue 
occurs. This organism siiows a high’ and constant virulence for laboratory 
animals. Large doses of the spores intravenously cause death of the animal in 
one or two days. The lesions produced by this massive infection showed only 
hemorrhaf’'ie and necrotic areas. Smaller doses cause death of the animal in a 
week or ten days. In studying these tissues Henrici noted that tubercles re- 
sembling those produced by tuberculosis resulted." 

The onset of the disease is insidious and may be manifested only by cough, 
asthmatic attacks, and anorexia. Later the cough is increased and the sputor^. 
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becomes tenacious and may be dotted with black specks'^ which ave conidia. 
Night sweats, an evening rise in temperature, loss of weight, and hemoptysis 
occur as the disease progresses. Massive hemorrhages may be the first symptom 
that causes the patient to seek medical advice. In the asthmatic type progres- 
sive dyspnea is a distressing symptom. Pleurisy may be the most outstanding 
symptom as the patient relates his history. 

Cavitation and destruction of the lung tissue are slow, and the course is 
protracted. However, when mixed infection of the diseased tissue occurs, the 
progression of the disease may be much more rapid. 

As with other pneumomycoses, there is no characteristic x-ray picture. 
Involvement of the bases and hilar regions is most common. Limitation of the 
involvement to these areas is by no means constant.^® Increased hilar shadows 
with radially distributed increased mai’kings are said to be one of the earliest 
pictures presented by this disease. The x-ray may resemble bronchopneumonia 
in the early stage of resolution.® 

Physical examination may reveal limited expansion of the chest, most 
marked on the side with the greater degree of involvement. Coarse and fine 
rales may he observed upon auscultation over the bases or hilar areas. 

Diagnosis of aspergillosis must be made only when aU other possible etiologic 
factors are ruled out. The finding of the aspergillus organism in the sputum 
is not sufficient evidence for making such a diagnosis. Culturing the organism, 
the reproduction of the lesion by means of animal inoculation, and the reisolation 
of the fungus are important factors in clinching the diagnosis. The presence of 
agglutinins in the patient’s serum and positive skin reaction to stock or 
autogenous vaccines are additional aids in the diagnosis, although their value 
is questioned by some authorities. 

In the treatment of pneumomycoses in general, a multitude of agents have 
been used. The same is true of the treatment of aspergillosis. The time-honored 
remedy employed in the condition is potassium iodide other medicaments 
often iLsed are the inhalation of ethyl iodide,® neoarsphenamine intravenouslv 
intramnseular bismuth, sodium iodide intravenously,®® and the roentgen ray' 
Of course, the presence of concomitant pulmonary tuberculosis contraindicates 
the nse of iodidas. It is easil}'" seen that there is no “specific” drug 


SUJniAKY 

1. Pneumomycosis should be considered in any patient with pulmonary 
symptoms. 

2. A ease of pulmonary aspergillosis was presented with a discussion of the 

mode of infection, pathology, symptomatology, x-ray picture, diagnosis and 
treatment. ’ 
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THE PERCUTANEOUS POTENCY OF PROGESTERONE* 


R. R. Greexe, JI.S., M.D., axd S. C. H-irris, J[.S. 
Chicago, III. 


I T HAS been Imotvu for some time that estrogens and androgens are absorbed 
through the skin of the experimental animal and produce systemic effects.^'® 
Varions workers have made clinical observations demonstrating that the same 
effect is obtained in the human being.’’ Unfortunately, both estrogens’’ ^ 
and androgens’’ ® are much less potent when giAmn percutaneously in an oint- 
ment than when given parenleralljL Investigations on the percutaneous ef- 
fectiveness of progesterone are limited to a statement by Zondek that in the 
rabbit it is less effective by this route than by subcutaneous injection,- 

After parenteral administration progesterone is relatively rapidly ab- 
sorbed, metabolized, and excreted. It resembles estrone or testosterone in this 
respect. The estrogens and androgens, howevei’, may be given pareiiteraUy in 
the esterified forms (e.g., estradiol dipropionate and testosterone propionate) 
which are relatively sloivly absorbed and have a prolonged effect. Thus the 
patient may be given adequate therapy ivith treatment at infrequent inter- 
vals. Progesterone, boivever, 1ms no active est ei-iffed form; consequently, the 
patient should be treated frequently, probably every day, to obtain the best 
clinical response. The indications, if any, for progesterone therapy and the 
inadequacy of the dosages commonly employed are not pertinent to this dis- 
cussion. 


Since percutaneous application of progesterone avouM be a convenient 
method for daily treatment, it Avas decided to investigate the percutaneous 
potency of progesterone. A quantitative procedure such as this was not 
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feasible in the liuman being; accordingly, the rabbit was used. We realize, of 
course, that skin absorption of progesterone is not necessarily the same in the 
rabbit as in the Ininian loeing. Therefore, the results obtained in the rabbit 
can only be considered as indicative of what might happen in the human being. 

PROCEDURE 

Thirty-seven virgin immature rabbits were used in this study. All were 
primed with 0.002 mg. estrone on the first and third days of the experiment. 
Five animals were given no further treatment and served as controls. The 
remaining animals were given progesterone'' daily, starting on the fifth day. 
All animals were killed , on the tenth day. The uteri were dissected out, 
weighed, fixed in Bouin’s fluid, and prepared for microscopic study. The 
progesterone-treated animals were divided into eight groups (Table I), One 
group was treated parenterally, and the remainder were treated percutaneously. 
The substance for parenteral administi-ation was applied to an area on the back 
from which the hair was clipped. 


Table I 


TREATMENT 
. (DAILY DOSE) 

XO. OP 
AXIMALS 

average body 

WEIGHT 

(Gir.) 

AVERAGE 

UTEBIXE 

WEIGHT 

(Git.) 

ilCPHAIL 

BATING 

(avebage) 

Control (primed) 

5 

607 

0.364 

0 

Subcutaneously 0.1 mg. (oil) 

5 

683 

0.862 

2.6 

Percutaneously 0.1 mg. (oil) 

2 

630 

0.383 

1.0 

Percutaneously 0.3 mg. (oil) 

4 

6.64 

0.456 

1.25 

Percutaneously 0.0 mg. (oil) 

4 

604 

0.765 

2.37 

Percutaneously 0.1 mg. (alcohol) 

5 

684 

0.561 

1.4 

Percutancou.sly 0.2 mg. (aleoiiol) 

5 

76.3 

0.590 

1.0 

Percutaneously 0.4 mg. (alcohol) 

5 

549 

0.995 

3.0 

Percutaneously 0.6 mg. (alcohol) 

O 

653 

1.697 

4.0 


In all eases the progesterone was given in 0.1 c.c. of .solvent. Alcohol was 
used as well as oil for percutaneous application, since it has been demomstrated 
that both estrogens and androgens arc more potent when applied percu- 
taneou.sly in this .solvent.^’ • 

The progestational respomses of the uteri were graded according to the 
histologic method of ^IcPhail.’-' 


RESULTS 

The mean uterine weights and progestational response.s, as well as the 
treatment details for each group, are i^resented in Table I. 

The number of animals in each group is adcfiuate for an e.stimation only 
of the potency of progesterone when given by different methods. It is ob- 
vious, however, that in an oil solvent progesterone is not very effective by the 
pereutaneous route. With 0.1 mg. tlie uteri were not significantly larger than 
tho.se of the castrate controls, and lii.stologieally they slmwed only .slirdrt stimu 
lalion. The effect was only slightly greater with 0.3 mg., and even 0 6 m- 
produced uteri which were smaller and Imd a lower histologic ratin- than 0°l’ 
mg. parenterally. " 


•The iii(.ye.-,O i<,ne u.--c a in Uit.s .-.In.ly w.i.., fiirni...h. ii i,y Selu rin^ r„i 


Vorniinn. 
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The alcohol solvent definitely increased the effectiveness of the percu- 
taneous progesterone. However, even in this solvent tiie percutaneous route 
was less effective than the parenteral, 0.1 and 0.2 nig. both produced smaller 
uteri and lower histologic ratings than did 0.1 nig. parenterally. However, 
0.4 mg. percutaueously produced a, somewhat greater effect than 0.1 mg. 
parenterally. 

DISCUSSION AND STODLYRY 

These data indicate that progesterone is less effective by the percutaneous 
route than by the parenteral method. With oil as the solvent it is less than one- 
sixth as potent. With alcohol as the solvent it is les.s than one-lialf, but more 
than one-fourth, as potent pei'cutaneoush’- as parenterally. 

Any clinical apiilieation of these data must rest on the assumption that 
skin absorption of progesterone is the same in man as in tiie rabbit. The 
validity of this assumption can onlj' be tested bj' clinical e.xperienee. .‘Assum- 
ing, however, that the skin of the human being would react in a manner similar 
to that of the rabbit, it is obvious that very large doses of progesterone would 
have to be given to obtain a satisfactory clinical response. 
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THE DETERMINATION OF THE DOSAGE-MORTALITY RATIO OP 
PENTOTHAL SODIUIM WITH SULFANILA1\IIDE» 


Paul H. Lorhan, il.D., Gretchen Guernsey, il.D, and 
Albert E. Pugh, M.A., Kansas City, Kan. 


■\V7ITH the increasing use of sulfanilamide in the fields of medicine and 
W sui-ery, the anesthetist is frequently called upon to administer an in- 
travenous anesthetic, particularly pentothal sodium (sodium ethyl 1-methyl 
butyl thiobarhiturate), to a patient who has been receiving sulfanilamide (para- 
aminobenzenesulfonamide) or one of its derivatives. AdrianP has suggested 
that the sulfanilamide-barbiturate sequence may be unwise in human therapy. 

In his experiments on rats previously treated with 0.5 to 1.0 Gm. per 
kilogram of sulfanilamide, a dose which Nelson^ describes as fatal for rabbits, 
susceptibility to anesthetic doses of the barbiturates was increased. The thio- 
barbiturates were the worst offenders in this respect. 

The present study was undertaken with the purpose of determining whether 
the toxicity of pentothal sodium is increased by previous administration of 
sulfanilamide in therapeutic doses (0.15 Gm. per kilogi-am per day). The above 
dose agrees fairly well with that recommended by Long and Bliss, ^ who used 
0.11+ Gm. of sulfanilamide per kilogram for human therapy. 

The animals used were white \Y istar strain rats, between the ages of six 
weeks and three months, weighing approximately 150 Gm. Sulfanilamide was 
prepared by dissolving the crystals in sterile distilled water to make a 1 per 
cent solution. Intraperitoneal injections of 0.15 Gm. of sulfanilamide per 
kilogram of body weight were then made daily for seven days. On the eighth 
day°pentothal sodium (2.5 per cent solution) was given intraperitoneally to eight 
groups of 10 rats each, each group receiving a different dose. The doses ranged 
from 50 to 110 mg. per kilogram. As a control eleven groups of 10 rats each 
were given 40 to 140 mg. per kilogram of pentothal sodium, having had no 
previous treatment with sulfanilamide. 

Computations of the L. D.s„ were carried out according to the method of 
Bliss, ^ using the equation log L. D. 5 „ = x + s(5-y) for the determination of 
the logarithm of the median lethal dose, and the equation V (log L. D..,,) 

= / (5 - y)~ ^ — 1 — Ifor the standard error of deviation. 

V (wxy) S(w)/ 

From the data in Table I the log of L. D.^,, for pentothal sodium alone, and 
for pentothal sodium with sulfanilamide has been computed, with their standard 

•From the Ilixon Laboratory for Metlical Research and the Department of Anesthesia. 
I’nlverslty of Kansas Medical School. Kansas City. 

Received for publication. March 10. 1941. 

749 



750 


THE JOURXAL OF LABORATORY AXD Ct.IXICAL AIEOXWXE 


Ei'Tovs. (xvaph 1 shows the eoinputed ciiTVes I'or pantothnl socliiun and peiitothal 
sodium with sulfanilamide. 
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RESULTS 

By the above method the median lethal dose (L. D.^o) for pentothal sodium 
was computed to he S4.S5 ± 4.00 mg. per Idlogram. This result is in fair agree- 
ment with that of Pratt and his co-workers/ who found the hi. L. D. for 
pentothal sodium in rats to be SO mg. per kilogram, although they do not state 
how they arrived at this figure. The median lethal dose (L. D.^^) for pentothal 










HOFF; CKYPTOCOCCUS HOMINIS IK MICE 


'(fll 


sodium ill rats which had previously received therapeutic doses of sulfanilamide 
was calculated to be 85.21 ± 6.56 mg. per kilogram. By comparison of these 
median letiial doses (L. there is no significant difference in the toxicity of 
pentothal when given to rats which have received therapeutic doses of sulfanil- 
amide. 

CONCLUSION 

These data justify the conclusion that sulfanilamide in therapeutic doses 
does not increase the toxicity of pentothal sodium given subsequently to white 
rats, does not render the animals more susceptible to the effects of pentothal 
sodium, nor do the two drugs, exert synergistic action, at least of a harmful 
nature, witli this dosage. 
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IMilUNITY STUDIES OP ORYPTOCOOCUS HOMINIS (TORULA 
HISTOLYTICA) IN MICE* 


C. L. Hoff, M.B., Chicago, III. 


A REVIEW of published reports (see referencest) demonstrates that a mild 
form of hypersen.sitivity, usually revealed by .skin reactions, occurs in 
patients infected with torula. Tests for serum antibodies are inconclusive. This 
study was undertaken to determine evidence of immunity against torula in 
a highly saseeptiblo animal, such as the white mouse. 


MATERIALS AND METHODS 

The Cryptococcus hominis strain used for the study was isolated in 1935 
from a patient with torular meningitis. Growth on glucose agar was abundant 
in forty-eight hours at 37° C. Cultures from slants of this medium were sus- 
pended in normal saline, and the concentrations were estimated iritli a hemo- 
cytometev. Other methods for standardization of suspension were unsatisfac- 
tory. The suspensions were heated for fifteen minutes at 100° C The torula 
were k illed by two to four minutes’ exposure to this temperature. Aquews 

♦V'Tom Uve llcury lialnl Fuvill Luboratoo’, SU Luke’s Hospital Chicago 
ISubnUUcil iti partial fultlUniont for tin* dcjrrce of If ® ^ 
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extracts were obtained by Berkefeld filtration oj; old cultures (two and a half 
months) in peptone brotli and synthetic medium.** A concentrate of the 
synthetic medium was prepared by precipitation with four parts of acetone 
and reprecipitation from normal saline solution. The final volume was one- 
tenth that of the original filtrate. Sex’ologic tests were made Avith torula treated 
bj' the Stoddard and Cutler method. To a flask containing a saline suspension 
of torula, O.lN hydrochloric acid A\’as added to a pH of 4. After the mixture 
digested for fort 3 ’'-eight hours at 10° C., the organisms Avere removed by 
centrifugation and Avashed free of acid. The torula Avere used as the agglu- 
tinogen and the neutralized acid extract aatis used as the precipitinogen for the 
demonstration of serum antibodies. 

DETERMIXATIOX OF THE .AII.XI.AIU.Af LETHAL DOSE 

Each of 18 mice received 300,000,000 liA'e torula intraperitoneally. This 
dose A\-as established bj- preliminary e.xperiments. All the mice died Avithin 
tAventj^-five days; 40 per- cent died in elcA-en days; 50 per cent in twelve days; 
70 per cent in fourteen days. Using tAA'elve days arbitrarily as the time limit, 
and 50 per cent as tlie number of mice killed Avith a dose of 300,000,000 torula, 
an arbitrary IM.L.D. Avas obtained Avith a range of error of 11 per cent. 

IJLAIUXITV FRO.AI INJECTIONS OP DEAD TORULA 

TAventy-three mice AA'cre immunized by tAvelve injections of 30,000,000 heat- 
killed torula at three-day inter\-als. The mice Avere then infected Avitli Ma'c 
torula as Avas an equal number of control mice. All noniinmunized mice AA-ere 
dead in sixteen days, and the inununized mice in seventeen daj’S. TavcIvc con- 
trol mice and six immune mice AA'ere dead after eight days. On the tenth day 
the ratio Avas 1S:10; on the twelfth day, 22:15. In the immunized group the 
death rate from the seventh to tAA'elfth daj'S Avas approximately 50 per cent 
that of the noniinmunized mice. 

The gross pathology at post mortem did not differentiate the immune mice 
from the control mice. In tlie histologic examination of the immune mice, the 
lungs varied from complete susceptibility, represented bj^ a massive hemorrhagic 
pneumonia, to a moderate degree of immunity, represented bj^ patches of pro- 
. liferated cells and thickening of the alveolar walls by hyperplasia of the septal 
cells. Immune changes observed in the brain were; feAver and smaller cysts, 
fCAver torula, and single torula Avithout ej^st formation. Some brains had plaques 
of proliferated cells Avhere the pial vessels course through the cortex. Occa- 
sionally there Avas proliferation of the endothelium of the choroid plexuses. 

In experiments performed Avith rats, pairs of inimiuiized and control rats 
Avere killed at seven-day intervals folloAving the infecting dose. Thus the evolu- 
tion of the lesions, as well as the character of the changes, could be observed. 
The histologic immune process early consisted of cellular proliferation of the 
septal cells of the lung, reticulo-endothelial cells of the spleen and the liver, 
and connective tissue growths in the omentum forming irregular focal regions 
of compact cellular tissue. As these changes progressed, foreign body giant 

"distilled water wit)i 6 per cent ammonium lactate, 0.2 per cent dipotassium phosphate, 
and 0.5 per cent sodium chloride. 
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cells with torula appeared. Later, the fibrous tissue elements became more 
prominent, and loosely woven nodules of fibrous tissue in whorls with epithelioid 
cells formed. Langhans giant cells w’ere numerous and in combination with the 
nodules resembled tuberculous foci. The immunity expressed itself mainly 
as a hastening of the stages of cellular proliferation with subsequent scar tissue 
reaction and disappearance of the torula. 

IMMUNITY FROM IXJECTIOX OF BROTH FILTRATE 

The immunity obtained in these animals M’as comparable to that of the 
previous group, but less marked. Attempts to reveal soluble toxins gave 
negative results. 

SENSITIZATION TO TORULA 

ilice ivere infected unth torula, each mouse receiving 25,000,000 organ- 
isms. After twelve, sixteen, and twenty days, tests for hiTierseiLsitivity by 
intradermal injections on the shaven abdomens gave no reactions. The test solu- 
tions -were broth filtrate, filtrate of the synthetic medium, and the concentrate 
of the latter filtrate. Intratesticular injections also were reactionless. Skin tests 
on an immunized rabbit were likewise negative. Accordingly, either the time 
required for the development of sensitization was long or these animals were 
not susceptible to such a response to this strain of torula. 


DETERiONATION OP HUMOR.U, DOIUXITY 

Six intravenous injections of heat-killed torula were made in a rabbit at 
three-day intervals. One cubic centimeter of dilutions of immune and control 
sera was mixed -with 1 c.c. of a suspension of torula prepared as described, and 
placed in a water bath at 37° C. The suspensions of torula were stable for 
four hours. At the end of one hour the agglutination titer was 1 ;180. After 
five hours it was 1:280, wth 1:60 in the controls. Agglutination tests Avith 
three different control serums compared Avith saline controls proved there Avas 
no nonspecific agglutination. 


SUJULVBY 

1. Injections of torula suspension killed by heat prolonged life and modified 
the histologic structure of the lesions in mice subsequently infected Avith torula. 

2. No exotoxin or cutaneous hypersensitivity Avas demonstrated Avith tliis 
strain of torula. 

3. Agglutinins Avere demonstrated in the scrum of an immunized rabbit to a 
titer of 1 :180. 
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THE EFFECT OF SPLENIC EXTEACTS PROM CASES OP ESSENTIAI. 
THROBIBOCYTOPENIC PURPURA ON THE PLATELETS AND 
HEJIATOPOIETIC ORGANS OP RABBITS*^ 


Jerome T. Paul, M.D., Chicago, III. 


T he relation of tlie spleen to the production of essential tliromboeytopenic 
purpura has for some time been a subject of much dispute among investiga- 
tors. In 1915 Prank* suggested that the spleen was responsible for tbe forma- 
tion of an agent which exerts a destructive action upon the megakaryocytes of 
the bone marrow. The assumption tliat this toxin is capable of involving the 
bone marrow as a whole was proposed by- Minot® in 1917. ICaznelson,^ ivho first 
removed the spleen in a case of essential thrombocytopenic purpura, believed 
that the thrombocyte reduction in the peripheral blood was brought about by 
an increased thrombolytic activity of the spleen. Torrioli and Puddu*^ showed 
injury of the megakaryocytes in bone marrow cultures after the application of 
concentrated doses of splenic extracts from eases of essential thrombocytopenic 
purpura. 

The recent investigations of Troland and Lee*®- *** demonstrate a marked 
depression of the eircnlating blood platelets in rabbits after intravenous injec- 
tion of acetone extracts of splenic tissue taken from three patients operated on 
for essential thromboeytopenic purpura. In September, 1939, Pohle and Meyer® 
reported that acetone extracts of the spleen from three patients with essential 
tbrombocytopenie purpui-a produced no effect on the platelet levels of injected 
rabbits. Major and Weber* injected extracts prepared from the spleens of two 
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patients with essential tlironibocytopenic purpura. The splenic extract from 
one patient produced an increase in the blood platelet count, while the extract 
from the second patient caused a moderate fall in the platelet level. Tocantins'^ 
was unable to demonstrate the presence of platelet-destrojdng substances in the 
spleen and urine of three patients with thi’ombocytopenic purpura. Following 
the injection of 45 c.c. of an acetone extract of a thrombocytopenic spleen into 
a rabbit, Hobson and AVitts^ reported a depression in the platelet count from 
525,000 to 109,000 in thirty hours. Kose and Boyer'“ record studies which are 
confirmatory of the work of Troland and Lee.'=- Because of the bearing of 
these experiments on the mechanism of the production of essential thrombo- 
cytopenic purpura, it seemed important to repeat them and to include in the 
study changes in the bone marrow and hematopoietic organs. 

IIATERLVL AND VIETHODS 

Extracts -were prepared from splenic tissue obtained from five patients with 
essential thi-ombocytopenic purpura and from six other control patients mth 
splenic enlargement. Sufficient clinical and hematologic data are presented to 
establish the accuracy of the diagnosis of the cases. 

C.VSE 1. — ^Patient With Esseatial Thrombocytopenic Purpura; 

D. T., a white girl, aged 14 years, was admitted to the Illinois Eesearch and Educa- 
tional Hospitals on March 10, 1938, complaining of frequent attacks of epistaxis and excessive 
menstrual bleeding. Bleeding from the nose was first noticed in October, 1937, at which 
time she experienced a nosebleed wliich persisted for two days. Menstrual period in November, 
1937, continued for nine days, and in December, for fourteen days. 

Physical examination was essentially negative, except for numerous petechiae, especially 
over both lower extremities. Tlie spleen %vas not palpable. Blood studies on entrance showed 
platelets 48,040, erythrocytes 3,680,000, hemoglobin 8.5 Gm., and a definite megakaryocytic 
increase of the sternal bone marrow. On March 19 the bleeding time was three minutes and 
the coagulation time (Howell’s method) was ten minutes. There was no clot retraction at 
the end of twenty-four hours and the tourniquet test was positive. Blood studies on March 25 
showed platelets 61,200, erythrocytes 2,930,000, hemoglobin 7.25 Gm., and megakaryocytic 
hyperplasia of the sternal bone marrow. Splenectomy was performed on April 11, 1938. The 
spleen weighed 157 Gm. Twenty- four hours after operation the platelet count was 72 300. 
The platelets increased progressively, and on April 18 (seven days after splenectomy) they 
numbered 386,400. Following splenectomy there has been no bleeding at any time. 

Case 2. — Patient With Essential Thrombocytopenic Purpura: 

E. V., a white woman, aged 22 years, admitted to the Illinois Eesearch and Educational 
Hospitals on June 24, 1938, had frequent attacks of epistaxis. Nasal hemorrliages commenced 
about Feb. 15, 1938, and usually persisted for about one-half hour. She continued to have 
two or three hemorrhages weekly up until June 1, when the attacks became more frequent 
and prolonged. VIenstrual history was normal until Juno 12, 1938, and continued until July 1 
witli a marked increase in the bleeding. Physical e.xamination revealed a moderate pallor 
of the skin and numerous bright red petechiae over chest, abdomen, back, and extremities 
The spleen was palpable and the tourniquet test was strongly positive. Blood studies on 
entrance showed platelets 24,400, erythrocytes 2,400,000, hemoglobin 6.3 Gm., and marked 
increa.se of the megakaryocytes on sternal bone marrow examination. The coamilation time 
was five minutes and the bleeding time was eight minutes. There was no dot retract^n 
at the end of twenty-four hours. Splenectomy was performed on June 30 The « 1 
weighed 270 Gm. Five hours postoperatively there were 136,200 platelets with manv^Hr^e 
forms. Twenty-four hours after splenectomy platelets numbered 185,400 and on j 1 - 
(eleven days after surgery) the platelet count was 473,000. ' ’ 
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Case 3, — ^Patient AVith Essential Tliromboeytopeiiie Purpura: 

P. E., a white woman, a^'ed 21 years, first entered tJie Illinois Besearch and Educational 
Hospitals on Dee. 5, 1938, complaining of frequent attacks of epistaxis, bleeding from 
the gums, vagina, and rectum. She was in good health until the latter part of October, 1938, 
when she first noted a small amount of bright red blood after defecation. Shortly afterwards 
she began to have frequent attacks of ejustaxis. The menstrual period during the first rveek 
of November was very profuse and continued for eight days. Physical examination revealed 
numerous petechiae distributed over both lower extremities. The spleen was palpable, and 
the tourniquet test was markedly positive. Blood studies on entrance showed a platelet 
count of 29,710, erythrocytes 4,970,000, hemoglobin 13.6 Cm,, and a megakaryocytic hyper- 
plasia of the sternal bone marrow. The coagulation time was eiglit minutes and the bleeding 
time was ten minutes. There was no clot retraction at the end of thirty hours. Splenectomy 
was performed on Dec. 14, 103S. The spleen weighed 133 Gin, Twenty-four hours after 
operation the platelet count was 171,400, and on December 19 the platelets numbered 314,700. 
Bleeding subsided completely following the splenectomy. 

Case 4. — Patient AVith Es.sential Thrombocytopenic Purpura; 

P, H., a white boy, aged 15 years, was admitted to the Illinois Research and Educa- 
tional Hospitals on Sept. 12, 1939, complaining of epistaxis. Bleeding from the nose was 
first experienced in June, 1939, and was followed in a sliort time by persistent oozing of blood 
from the gums. Physical examination was essentially negative, except for numerous petechiae 
over the posterior aspect of the neck, cubital region, and chest. Blood studies on entrance 
showed platelets 40,000, erythrocytes 4,490,009, hemoglobin 13.0 Gm., and a definite mega- 
karyooytio increase of the sternal bone marrow. The bleeding time was twenty minutes and 
the coagulation time was nine minutes. There was no clot retraction at the end of twenty-four 
hours. The patient remained in the hospital under observation for several months. During 
this time he had many severe attacks of epistaxis. Platelet counts as low as 11,000 were 
obtained. Splenectomy was performed on Dec. 21, 1939. The spleen weighed 290 Gm. Six 
hours after removal of the spleen the platelets numbered 76,000, aud eight days postopera- 
tively a count of 980,000 was obtained. 

Case 5. — Patient AYith Essential Tluomboeytopenie Purpura: 

B. P., a wliite girl, aged 17 years, was admitted to the Illinois Research and Educational 
Hospitals on July 26, 1940. She had severe epistaxis, bleeding gums, purpuric spots, and 
bruised easily since December, 1938. At the time of entrance she was pregnant approximately 
seven months. Physical examination revealed red, spongj- gums. The liver was palpable and 
the tip of the spleen could be felt. The bleeding was controlled, and t!ie patient was 
allowed to go into labor spontaneously on Sept. 29, 1940. The puerperium was afebrile and 
uneventful. Blood studies on admittance to the hospital showed platelets 100,000, erythrocytes 
3,120,000, hemoglobin 9.S Gm., and a myeloid erythroid and megakaryocytic hyperplasia 
of the sternal bone marrow. The bleeding time was twelve minutes, the coagulation time 
was nine minutes, and the beginning clot retraction occurred at the end of one and one- 
half hours. She was prepared for splenectomy by the administration of blood, and on Oct. 
23, 1940, the spleen was removed. Twenty-three days postoperativeJy blood studies revealed 
platelets 200,000, erythrocytes 5,910,000, and hemoglobin 17.5 Gra. Since splenectomy there 
has been no bleeding from the nose or gums. 

Splenic tissue obtained from six control cases was used in the preparation 
of extracts. They included a normal spleen and eases of congenital hemolytic 
anemia, splenic vein thrombosis, chronic lymphatic leucemia, aplastic anemia, 
and Banti’s syndrome. 

The method of extraction used in this investigation has been described in 
detail by Troland and Lee.^=- Suffice it to say that the macerated splenic tissue 
was placed in acetone. After a variable length of time the acetone was filtered 
off and then distilled. The sediment was dissolved in 100 c.c. of (hstdlecl water 
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and filtered. Extracts were stored in the refrigerator and injected within 
forty-eight hours after preparation. The tj^e of acetone (commercial or 
reagent) used in the extraction seemed to have Jio influence on the results ob- 
tained. Table I contains the extracts prepared, type of acetone used in the 
extraction, weight of the splenic tissue, grams of the splenic tissue in a 20 c.e. 
dose of the splenic extract, and the length of time the tissue was allowed to 
remain in the acetone. 

Table I 


Splexic Extracts 


SPLENIC EXTRACTS 

TYPE OP 
acetoxe 

WEIGHT OF 
SPLENIC 
TISSUE IS 
GRAMS 

TIME OP 
EXTRACTION 
IN ACETONE 

IN DAYS 

GRAMS OF 
SPLENIC 
i TISSUE IN 

20 C.C. 

1 SPLENIC 

EXTRACT 

GRAMS OF 
SPLENIC 
TISSUE IN 

10 C.C. 
SPLENIC 
EXTRACT 


EHlIiMl! 

Commercial 

130 

253 

26.0 

13.0 

E. 2. 

Thrombocyto- 
penic purpura 

Reagent 

140 

182 

28.0 

14.0 

E. 3. 

Thrombocyto- 
penic purpura 

Reagent 

109 

35 

21.8 

10.9 

E. 4. 

Thrombocyto- 
penic purpura 

Reagent 

82 

274 

16.4 

8.2 

E. 3. 

Thrombocyto- 
penic purpura 

Reagent 

203 

30 

40.6 

20.3 

E. 6. 

Normal control 

Reagent 

123 

19 

25.0 

12.0 

E. 7. 

Splenic vein 
thromhosis 

Reagent 

114 

291 

22.8 

11.4 

B. 8. 

Congenital liemo- 
lytie anemia 

Reagent 

285 

51 

57.0 

28.5 

E. 9. 

Chronic lym- 
phatic leucemia 

Reagent 

123 

91 

24.6 

12.3 

E.IO. 

Aplastic anemia 

Reagent 

127 

61 

25.4 

12.7 

E. 11. 

Banti’s syndrome 

! Reagent 

250 

18 

50.0 

25.0 


In the present study the number of blood platelets was determined bj^ the 
direct method. In some instances the indirect blood smear method was used to 
cheek the results obtained by the direct counts. The diluting fluid used consists 
of 0.6 Gm. sodium chloride, 0.2 Gm. sodium citrate, and 0.04 Gm. brilliant cresyl 
blue made up to 100 e.c. with distilled water. Blood was obtained from a stab 
wound of the marginal vein of the rabbit’s ear. The blood was drawn to the 
0.5 mark in a standardized erythrocyte pipette and diluted to the 101 mark 
with the platelet diluting fluid. After shaking for two minutes a certified count- 
ing chamber with improved Neubauer ruling was filled and allowed to stand 
for ten minutes. Counts were made witii a high, dry (4 mm.) objective and 
a 12.5x ocular. 


Normal rabbits, approximately 2 kg. in weight, were emploved as the expei 
mental animals. A new rabbit given no food for twelve hours previously w 
used for each experiment. Several control platelet counts were made prior 
the injection of the splenic extract.s. After administration of the extract pint 
let counts were repeated every two to four hours for a period of twentv fou, 
forty-eight hours. - 
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Boue marrow sections and bone mawow imprints, together with sections 
of tiie liver, lung, and spleen were obtained from seven animals. After injection 
of 20 c.c. of the extracts prepared from the essential thrombocytopenic purpura 
specimens, tlie rabbits were sacrificed at the maximal platelet comit depression. 
Following the injection of a eontj-ol exlvaet (E. 7), the rabbit was sacrificed at 
the time interval required to pi-oduee maximal platelet drop with the essential 
tliromboeytopenic purpura extracts. Specimens of the bone marrow, liver, huig, 
and spleen wei'e also obtained from a noimial untreated rabbit. Pieces of tissue 
were fixed in a solution of formaldehyde and in Zenker’s fluid. *'liter prepara- 
tion of tlie sections they were stained by hematoxjdiu and eosiu and Gienisa’s 
stains. 

On examination of the bone marrow sections the number of megakaiyoeytes 
per 1,500 nucleated bone marrow cells was determined. Tlie bone marrow im- 
prints were prepared by touching the cut end of the sternum to a. glass slide. 
Each slide contained eight such toiieli smears of a]iproximatelj^ equal size. In 
enumerating the megakaryocytes on the bone marrow imprints all megakaryo- 
cytes exclusive of the central portion of the imprint ivere counted. The central 
portion of the imprints wei-e not included in the counts because of the deep 
stain which tliej’ assumed, preventing accurate cellular differentiation. The 
megakaryocyte counts of the impilnts were determined by taking tlie average 
of eight imprints. 

EXPERIJtENTAL OBSERVATIONS 

Splenic extracts pz'epared from the essential thrombocytopenic purpura 
specimens, Cases 1, 2, 3, 4, 5, will be designated as extracts (E) 1, 2, 3, 4, 5, 
respectively. After injection of 20 e.c. of E. 1, a depression in the platelet count 
was noted from the preliminary count of 500,000 to 325,000 within eight Iioui’S. 
Twelve hours after injection the platelet eonnt was 450,000, and within twenty- 
four hours it had reached the preinjectioii level. 

Injection of 20 e.c. of E. 2 produced practically the same result as that of 
E. 1. A depression in tlie platelets from the preinjeetion level of 492,000 to 

315.000 was obtained within eiglit hours. Twenty hours Jatez- the platelet count 
was 440,000, and within twenty-four hours it reached the level determined prior 
to injection of the extract, 

B. 3 differed from the previously mentioned extracts in that the maximal 
platelet depression was not reached until sixteen hours had elapsed. After 
injection of 20 c.c. of E. 3 the platelet count fell from a preinjection level of 

485.000 to 315,000. The platelets returned to the preinjection level within 
twenty-four hours. 

Following the injection of 20 c.c. of E. 4, a depression in the platelet 
count was noted from the preliminarj' count of 525,000 to 455,000 wdthin twelve 
hours. At the end of twenty -four hours a count of 495,000 ivas obtained. The 
experiment was repeated, using 40 e.e. of E. 4. This dosage produced a drop 
in the platelet count from the preliminary level of 495,000 to 350,000 within 

fsventy-four hours. . . , , , 

Injection of 20 c.c. of E. 5 caused a depression m the platelet eoimt from a 
preliminary level of 500,000 to 405,000 within four hours. At the end of tweiity- 
fonr hours the platelets numbered 485,000. 



Platelets 
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Fig. 1. — Platelet level following injection of 20 c.c. of thrombocytopenic extracts. 



Fig. 2.~Platelet level following injection of 10 c.c. of thrombocytopenic extracts. 
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The expez'iments ^vere repeated usiii<y lO c.c. of the splenic extracts, E. 2, 
E. 3, and E, 5. After the injection of B. 2 a depression of tlie platelet level 
resulted that was essentially the same as that produced b}' 20 c.c. of the extract. 

Ten cubic centimeters of E. 3 produced a less marked depression of the 
platelets. The platelet count prior to injection was estimated at 520,000; six- 
teen hours later it was 400,000; and within twentj'-four hours it had attained 
the preinjection level. 

The injection of 10 c.c. of B. 5 was followed bj' a maximal platelet de- 
pression of 75,000 within eight hours. 

In an attempt to determine the minimal effective dose of the extract, 4 c.c. 
of E. 2 were injected inti'avenously. A deijrcssion of 55,000 in the platelet count 
was obtained within eight hours. At this time S c.e. of the extract was injected. 
Twelve hours later the count dropped an additional 10,000 platelets. Then 
10 c.c. of the extract was injected, and it was noted that a total maximal plate- 
let depression of 185,000 was reached twelve hours after the injection of 10 c.c. 
of the extract. 

Experiments using the control specimens were eainled out with the same 
procedure employed in the cases of essential thromboe^hopenic purpura. Twenty 
cubic centimeters of the extract (E. 6) prepared from the normal spleen were 
injected. A depression in the platelet count from 475,000 to 460,000 in four 
hours was noted. There was a I'etum to the preinjection level within twelve 
hours. Other control specimens produced the following I’esults : 

After the injection of 20 c.e. of E, 7 (splenic vein thrombosis) no depression 
was noted. Twenty-four hoiu's later the platelet count exceeded tlie initial count 
by 28,000. Twenty cubic centimeters of E. 8 (congenital hemolytic anemia) 
caused a drop of 22,000 platelets within four hours with a return to the pre- 
injection level within eight hours. Following the injection of E. 9 (chronic 
lymphatic leucemia) a depression of 45,000 platelets within four hours was 
observed, with a return to the preliminary count within twelve hours. Teji 
cubic centimeters of E. 10 (aplastic anemia) produced a depression of 40,000 
platelets within four hours. After the injection of 20 c.e. of E. 11 (Banti’s 
syndrome) a drop of 22,500 platelets within four hours was noted. 

Examination of the bone marrow imprints and sections revealed little, if 
any, change in the number of megakaryocytes of the rabbits injected with the 
extracts of thrombocytopenic purpura as compared with the normal and control 
rabbits. 

The only deviation from the constant findings was seen in the case of E. 1. 
In this case a reduced number of megakaryocytes was found. The megakaryo- 
cytes showed no outstanding changes in the cells, such as degeneration, pylaiotic 
nuclei, or vacuolation of the cytoplasm. Sections of the spleen, liver, and lung 
were studied and failed to show any significant pathologic changes. Particular 
attention was directed to tlie examination of tlie lung sections to determine 
the presence of megakaryocytes, as reported by Hoivell and Donalnie.-* 

DISCUSSIOX 

It is ivell established that some relationship exists between the spleen and 
blood platelets. This is evidenced by the marked and rapid rise in the platelet 
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count following splenectomy on patients with essential thrombocytopenic pur- 
pura, a finding substantiated in all of our cases. The number of circulating 
blood platelets in the peripheral blood is dependent upon a normal maturation 
process in the bone marrow. Wright’s^' original finding that the megakaryo- 
cytes are the only source of true platelets has been repeatedly confirmed by 
many investigators. Frank, “ Limarzi and Schleicher,® and Seeliger,“ have 
noted in essential thrombocytopenic purpura an increase in the megakaiyocytes 
of the bone marrow associated at times with immature forms. This suggests a 
maturation arrest of the megakaryoeytic tissue and thus speaks for a lack of 
platelet formation rather than an increased destruction of these elements. 

Table II 


1IEGAK.CKYOCTTE COCXTS 


SPLENIC EXTRACTS 

BONE MARROW IMPRINTS 

1 BONE MARROW SECTIONS 

E. 1 

8.1 

s 

E.2 

14.3 

9 

E. 3 

14.7 

12 

E.4 

13.S 

10 

E.o 

11.2 

9 

Coatrol 

(Splenic vein thrombosis) 

11.7 

11 

Bone marrow of a normal sacri- 
ficed rabbit 

12.5 ! 

i 

10 


Results described elsewhere in this report are not fully in accord with those 
of Troland and Lee.^®’ These workers report a depression of the platelet count 
to the level commonly seen in persons with essential thrombocytopenic purpura. 
For the most part, the preparation of the splenic extracts, weight of the splenic 
tissue, and the method of counting platelets in this study was similar to that 
employed by Troland and Lee. 


It has been demonstrated that the five extracts prepared from the patients 
with essential thrombocytopenic purpura, Avhen injected intravenously, produce 
a moderate depression of the eii’culating blood platelets. This reduction ranges 
from 70,000 to 177,000 blood platelets, and is very transient in duration. In 
practically eveiy instance platelet counts retiu-ned to the preinjection level 
within twenty-four hours. Torrioli and Pusic” showed that large doses of an 
aqueous extract of a normal spleen caused a considerable reduction in the 
circulating blood platelets of rabbits when injected intravenously. An acetone 
extract of a normal spleen in this series produced no significant depression 
in the blood platelet count. 

Because of the megakaryoeytic hyperplasia found in essential thrombo- 
cytopenic purpura, bone marrow sections and imprints were obtained at the 
point of maximal depression of the blood platelets to determine the relationship 
of the thrombopenia to the megakaiyocytes. No disturbances in the niunber 
or cell structure of the megakaryocytes were detected. 

Due to the .short-lived deprc.ssion of the circulating blood platelets one may 
speculate that the extract contains a substance which interferes with the rate 
of formation of Lie platelets from the megakaryocytes. It is, of course, possible 

hat If hese uueetions were continued for some time an effect on the me-a 
Uaryocytes would result. mCoa- 
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CONCLUSIONS 

1. The intravenous injection of acetone splenic extracts of eases of essential 
thrombocytopenic purpura produces a transient significant depression of the 
platelet count in rabbits. 

2. The splenic extracts exerted no effect upon the number or cell structure 
of the megakaiyoeytes of the bone marrow. 

3. Specimens of the spleen, liver, and liuigs of rabbits obtained after the 
injection of thrombocytopenic splenic extracts showed no distinctive pathologic 
changes. 

4. The intravenous injection of acetone splenic extracts from six control 
cases produced no significant change in the level of the platelet count in rabbits. 

I wish to express my gratitude to Dr. Robert W. Keeton and Dr. Louis R. Limarzi for 
their invaluable advice and criticism. 
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THE RELIEF OF MUSCULAR WEAKNESS BY 
PYRIDOXINE HYDROCHLORIDE* 


Edw.\rd E. Rosexbatjm, M.D., Sidney Portis, M.D., and 
SAiiUEL SosKiN, iLD., Ph.D., Chicago, III. 


T he fraction of the vitamin B complex knoivn as B^ has recently been 
sjmthesized. It is chemically described as 2-methyl-3-hydroxy-4, 5-di- 
(hydroxymethyl)-p}n-idine.^’ ^ The Coimcil on Pharmacy and Chemistry of the 
American iledieal Association has accepted pja-idoxine as the offieial name of 
this vitamin. The hydrocldoride is to be knoini as pja-idoxine hydrochloride.® 
A deficiency of this substance in rats results in impaired growth and a character- 
istic dermatitis.^ Little is known concerning its physiologic activity, but there 
is some evidence that it is concerned with storage of fat® and ivith the utilization 
of unsaturated fatty acids.® 

Our interest was aroused by the earty report of Spies and others" on the 
spectacular influence of pyridoxine in relie\Tng the muscular weakness of 
pellagrins. He reported that pellagrins who had been relieved as regards most 
signs and sjTnptoms of the disease by vigorous treatment with nicotinic acid, 
thiamin chloride, and riboflavin, nevertheless still manifested extreme muscular 
weakness and fatigue. At this time the intravenous administration of 50 mg. 
of pyridoxine enabled patients (who still complained of extreme nervousness, 
insomnia, irritability, abdominal pain, weakness, and difficulty in walking) to 
experience dramatic relief of all these symptoms within as short a time as four 
hours. One of these patients, who had been unable to walk more than a few 
steps, walked two miles Avithin tiventy-four horn’s after the injection of 50 mg. 
of pjTidoxine. 

In view of Spies’ results it seemed ivorth while to test the action of 
pyridoxine in patients suffering from clinical conditions characterized by ex- 
treme muscular Avealmess and exhaustion, in AA’hich no other signs or symptoms 
of a vitamin B complex deficiency Avere evident. 

3IETHODS 

Because of the difficulty of quantitating the patient’s subjective feelings of 
muscular Avealmess, our tests Avere based on the ability of the indiAudual to'per- 
form Avork to the point of exliaustion under standard conditions. For this pur- 
pose Ave employed tAVO procedures : 

(1) Leg Test.— With the patient in the supine position in bed, he ivas re- 
quired to lift the extended right leg to the vertical position, at the rate of 24 
times per minute, for as long as he Avas able to continue. 

•From the Department of lletabollsm ana EnUocrinolotrs- ami tim 
Michael Reese Hospital. Chicago. department of Medicine, 

Aided by .a grant from tlic ,A. B. Kuppenheimer Fund. 
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(2) Arm Test . — In this test the work was done ivitii the rigid hand and 
arm. 'While sitting rip in bed, the patient was retpiired to raise a 10-pound 
weight a distance of 13 inches, at a rate of 30 times per minute. He grasped a 
comfortable handle attached to a rope wJiieii inn o\'er a pulley fixed at tiie foot 
of the bed. Tiie lasting position for tliis exercise was with the upper am 
approximated to the lateral thoracic wall, .so that tlie e.ssential movement was a 
flexion of the forearm on the upper arm from the initial 90-degree angle to 
about a 30-degree angle. 

The arm and leg tests ivere performed twice a day, with an intervening 
rest period of fifteen minutes. They were alway.s conducted by the same ob- 
server in the same envii-onment and at the same time of day. The tests were not 
considered satisfactory unless the results of two tests on the same limb coincided 
fairly closely. The average of the.se two te.sts was considered to be the work 
performance of the limb for the day. Preliminary experiments in normal people 
showed that the identical muscle testing procedures, performed daily, gave no 
indication of anj"- increase in muscular ability due to training. 

In order to avoid the possible psychologic effects of the therapy, all patients 
were given intravenous injections of saline daily from the beginning. IVlien a 
constant base line of muscular ability had been established for a particular 
patient, a solution of pyridoxine hydrochloride® was substituted for the saline 
without the patient’s Imowledge. In some eases, after the results of the vitamin 
had been observed, the saline was again resumed as a further cheek upon the 
enthusiasm aroused in the patient by the beneficial effect of the treatment. 

In our earliest cases vai'ying doses of pyridoxine hydrochloride from 10 
mg. to 50 mg. intravenously per day were used. We subsequently adopted a 
standard dose of 50 mg. a day for all cases for the purposes of this work. No 
toxic or ill effects of any kind were ever observed to occ\ir from the use of these 
amounts of the vitamin. 

The following is a summary of our results. Brief case histories are ap- 
pended at the conclusion of this article. 

Neurasthenia . — Our first ease (Wiss B. K.) was a 27-year-old female, whose 
ailment had never been definitely diagnosed. Phj’'sieal and laboratory exam- 
inations had been consistently negative in the hands of numerous phj'^sieians, 
and at no time were any clinical sigirs of vitamin deficiency noted. She com- 
plained primarily of wealcness and fatigue to such an extent that she liad been 
practically bedz-idden for eight years. She was barely able to make the daily 
trip to the hospital for examination and treatment. We started this patient 
on pyridoxine hydrochloride without any preliminary tests with saline. Within 
five days she began to show increased muscular ability, as measured by our 
objective tests (Graph 1). Her appetite improved markedly and her weight rose 
from 99 to 104 pounds. After two weeks of treatment the patient stated that 
she was able to be up and out of bed for four hours a day. At this point we be- 
gan to inject saline intravenously in place of the pyridoxine hydrochloride. Our 
objective tests showed no decrease in the patient’s muscular strength, but she 
insisted that her weakness was returning and that she was no longer able to be 

Supplied by Merck & Co., through the courtesy of Dr. D. P. Robertson. 
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oat of bed Ions ora'b'. o"'® ® “* 

50 mg. tablets of pyricloxme ij y,^rQQ\^s. When next seen the patient 

home, and advised her to return We now resumed the daily 

reported that her strengtli was « , ^cMovide. After fourteen more mjec- 
intravenous infections of pyri oxi ^ ^ ^Tq discon- 

tions the patient was able to be ^;P home. She has con- 
tinued treatment and advise months after beginning pyridoxme, 

tinned to improve and wlmn 1^ , f,,, social func- 

she was able to be out ot lieu « nounds 

tions, and Her weight had increased by -5 poun . 



- 7 - .._Wp attempted the use of pyridoxhie hydrochloride in 
Hyperthy) oidis i . complained of marked weak- 

three patients there was a definite increase in muscular 

ness and fati ab^ .oPition was withheld 

ability (Giap ^ , ^te the effect of the vitamin. During this period 

until we were ablejo d^^^^ determined showed little change, so that 

the basal m , attributed to changes in the basal metabolic 

nWient showed increased strength and lugohzation was hegiin. There was no 
?u -tier «ain in strength. The Lugols solution was contnnmd and whole yeast 
dded to the diet He immediately began to show iiirtlier improvement as 
'concerns muscular ability, although during this entire period his basal metabolic 


rate showed little variation. 

Vlccnilivc Coh'fis.— Decided improvement in muscular ability was obtained 
with pyridoxme hydrochloride in 4 patients with ulcerative colitis. Objective 
tests could be made in only 2 of these patients, the others being unable to under- 
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take any exertion because of tlie presence of arthritis in one and severe cardiac 
damage in the other. Graph 3 summarizes the results in one of the cases (Mr. 
L. L.). The patient with arthritis (Mr. W. N.) wlio had been too weak to sit 
up in bed, proceeded to do so of lu's own volition and witliout help within sixteen 



Kaxiool work parroroemoe 



hours after receiving 50 mg. of pyridoxme hydrochloride intravenously. He 
even asked to be allowed to get out of bed. The patient with cardiac disease 
fMrs J li ) had been at complete rest in bed for eight weeks, conid not sit up 
iuthout'heip and support, and had to be assisted in eating. Following three 
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days of pyridoxine hydrochloride administration, she was able to sit up in bed 
without support and to feed herself. After fourteen days of treatment she was 
able to begin walking. In- no case were we able to note any improvement in the 
ulcerative colitis per se as regards frequency and number of stools. 

Myasthenia Gravis . — Pyridoxine hydrochloride was of no apparent benefit 
in one case of myasthenia gravis which had been previously Avell controlled with 
prostigmin. For the purposes of observation, prostigmin was discontinued the 
previous night, and the patient was given 50 mg. of pyridoxine hydrochloride 
intravenously in the morning. By 6:00 p.m. the patient began to show acute 
signs of muscular weakness, as evidenced by her inability to eat or even swallow 
water. She was now given 100 mg. of pyridoxine hydrochloride intravenously, 
but showed no response. One-half hour later prostigmin was given, to which she 
re.sponded almost immediately. 

Malnutrition . — ^In 2 patients with anorexia nervosa and in one patient Avith 
cardiospasm we obtained no evidence of increased strength following the use of 
pyi'idoxine hydrochloride. All 3 patients were markedly underweight, Avere 
exceedingly Aveak, subsisted on deficient diets, and shoAved clinical signs of 
Autamin deficiencies. None of the.se patients shoAved any real response after 
reeemng eight to fourteen daily injections of pyridoxine hydrochloride. 

SUMJIARY AND DISCU.SSION 

NotCAVorthy relief of muscular Aveakness has been obtained folloAving the 
intravenous administration of pyridoxine hydrochloride in one patient Avith so- 
called neurasthenia, 3 patients Avith hyperthyroidism, and i patients Avith ulcera- 
tive colitis. No results Avere obtained in one patient Avith myasthenia gravis 
and in 3 patients Avith severe malnutrition. It is evident that our good results 
Avere obtained in patients in Avhom one might expect to find either a deficiency 
of vitamin intake or a vitamin requirement in excess of the normal intake, even 
though no recognizable symptoms of vitamin deficiency other than Aveakness Avere 
present. HoAvever, Ave cannot explain Avhy the 3 patients Avith severe malnutri- 
tion Avith obvious manifestations of multiple vitamin deficiencies did not respond 
to pyridoxine hydrochloride. It is suggested that these failures might haAm been 
due to the absence of other vitamin factors Avhieh are essential to the action of 
pyridoxine hydrochloride. 


CASE REFORTS 

Casv; 1 (Mis.i B. K.).— The essential (letail.s of the history and the results of treatment 
(Graph 1) with pyridoxine hydrochloride have been summarized above. It is worthy of note 
that this patient had been on a subniinimal diet for eight years, eating from 800 to 1 000 
calories a day, with very little meat and whole grain food.s. ’ 

Physical examination showed a tall, thin female, 5 feet 9 inches in height and weighinsr 
only 101 pounds. Tliere were no other positive physical signs. Bronchoscopy showed an 
atrophic and hyperemic mucosa. 

Laboratory Studies; Hemoglobin SO per cent; crythrocyte.s 4,400,000: leucocvtos 7 740 
with a normal dittcrcutial ; urine negative; sugar Oi mr' ner cent. s 7, toO 

mg. per cent; chloride.s 191 mg. per cent; cholc.sterol 29S mg. per cenP^icte ~J 

carbon dioxide combining power .AT.:! per cent; van dcii Ber^di dirct •’ 

negative; sputum negative for tubercle bacilli. Imth 
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Case 2 (Mrs, L. K.). — A white, divorced, 24-year-oki female, entered the hospital with 
nervousness, weight loss, weakness, and prominence of tlie eves for tlic past year. 

Physical examination showed a marked e.xophthalmos, a diffusely enlarged thyroid 
gland, moist warm shin, a fine tremor of the hands, rapid pulse (90 to 110), and a blood 
pressure of systolic 130 and diastolic 70, 

Laboratory studies were essentially negative, except for a basal metabolic rate of -i-11. 

The report of the pathologist on the appearance of the thyroid after removal was con- 
sistent with tile diagnosis of diil'use toxic goiter. 

This patient received no Lugol ’s solution during the period of administration of pyrido-x- 
ine hydrochloride, and her basal metabolic rate show-ed no noteworthy change. iSTevertheless 
her muscular ability increased markedly, as shown in (Iraph 2. 

At this time the patient refused to stay in tlie hospital because of difficulties at home. 
She received no medication while at home, and returned to the Iiospital one week later with 
the same signs and symptoms. Her basal metabolic rate was still +41, Lugol’s solution (ten 
drops t.i.d.) was begun, without any pyrido.vine hydrochloride. The patient showed no further 
increase in muscular ability', although her basal metabolic rate dropped to +13, 

C.iSE 3 (Jlr. S. D.). — A white, married, 35-year oId male, entered the hospital with 
nervousness, feeling of warmtii and perspiration, palpitation, polyuria, diarrhea, enlargement 
of the neck, and the loss of 30 pounds of weight within two nionth.s. 

Physical e-xaminatlon sliowed a slight exophthalmos, a diffu.sely enlarged thyroid, warm, 
moist skin, a tine rapid tremor of the hands, a pulse rate of 100, and a blood pressure of 
systolic 144 and diastolic 72, 

The only significant laboratory test was a basal metabolic rate of +S0. 

The postoperative examination of the gland sliowed a diffuse toxic goiter, consistent 
with the oiinioal diagnosis of diffuse toxic goiter witli liypertliyroidism. 

Tills patient showed an increase in muscular ability immediately after bis first dose of 
pyridoxine liydrocbloride. .After he had received five daily doses it was necessary to stop 
the pyridoxine and to start Lugol ’.s solution becau.se of his continued toxic state. However, 
by this time Ids arm pull had increased from 33 to 44, and his leg lift from 45 to 83. The 
basal metabolic rate taken on admission was +82, and after pyridoxine hydrocldoride it 
was +72. 

Hive days after the beginning of treatment with Lugol’s solution (10 drops t.i.d.) tlie 
basal metabolic rate dropped to +33, but there was no change in muscular ability. 'VTliole 
yeast was then added to the diet, and within seven days the arm pull increased to 3S and the 
leg lift to 260, The basal metabolic rate at this time was +30, 

Case 4 (Mrs. B, E.). — A wldte, married, 38-year-oid female, entered the hospital with 
nervousness, palpitation, a swelling in the neck, and weight loss over a period of three months. 

There was a marked exophthalmos, a diffusely enlarged thyroid, a fine rapid tremor of 
the hands, warm moist skin, rapid pulse rate (10a), and a blood pressure of systolic 140 
and diastolic SO. 

Sepeated basal metabolic rates ranged from +S0 to +40. Other laboratory studies were 
negative. 

The diagnosis of diffuse toxic goiter with hyperthyroidism was confirmed by exam- 
ination of the thyroid postoperafively. 

This patient was given thiamin chloride, 13 mg. intravenously, for five days, but sliowed 
no increase in strength. Pyridoxine hydrochloride was then substituted for the thiamin 
chloride, and witliin ten days her leg Eft increased from 40 to 250, and her arm pull from 
16 to 85. Her basal metabolic rate remained unchanged during tliis period. 

Case 3 (Mr. L. L.). — A white, 19-year-old schoolboy, with a history of chronic non- 
specific ulcerative colitis of three years’ duration, entered the hospital complaining of an 

acute exacerbation of the colitis. - , 

Physical examination disclosed an emaciated youth, with a right lower abdominal scar, 
the site of an appendectomy three years previously. Proctoscopic examination shooed a 
hyperemic mucous membrane. EadiograpUie studies were consistent with a diagnosis of 
chronic ulcerative colitis. 
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N'o causative specific organisms could be found on repeated stool examinations. Hemo- 
globin was 50 per cent and erythrocytes were 2,890,000. 

Medical treatment was attempted, consisting, over a period of several weeks, of a 
course of neoprontosil, repeated transfusions, iron, Mgh vitamin high-caloric diet, and 
autogenous vaccine. The patient failed to show any improvement. An ileostomy was per- 
formed six weeks after admission. 

We first saw the patient three months after admission. He was weak and emaciated^ 
he had developed contractures of both legs and was having frequent, severe rectal hemor- 
rhages. 

Because of the state of his leg muscles it was possible to test only his arms. These 
showed the definite improvement in muscular ability summarized in Graph 3. This increase 
was paralleled by a general feeling of increased strength. At this time a hemicolectomy was 
performed and the patient died soon afterwards. Post-mortem examination showed a non- 
.specific colitis complicated by a diffuse peritonitis. 

C.\SE 6 (Mr. W. N.). — A white, 2r)-year-old male, German refugee, had an eleven-year 
history of chronic ulcerative colitis. Seven years prior to his admis.sion he had had an 
ileostomy performed in Germany with but little relief; he continued to have acute exacerba- 
tions of his colitis. Wlicn we fir.-.t saw liim, he had entered the hospital for the second time 
within a month. He was having five to six bloody mucous stools a day. He had developed 
a crop of furuncles over his legs and arms, and he had swollen, tender, reddened wrists and 
knee joints. He was extremely emaciated and so weak that he could not sit up in bed. Lab- 
oratory studies were negative. It was impos-sible to perform any objective tests becau.se of 
the arthritis and marked weakness. He liad been receiving thiamin chloride intravenously 
(15 mg. daily), to which we added pyridoxine hydrochloride (50 mg. daily). The next day 
he was sitting up in bed, asking to be allowed up, and his appetite was excellent. We con- 
tinued to give the pyridoxine hydrochloride for one week. The patient continued to evidence 
increased strength, but neither his colitis per se nor his arthritis changed. Pyridoxine hy- 
drochloride was discontinued after a w'eek and fresh yeast (tliree cakes a day) was added to 
Ids diet. He was discharged tivo weeks later, his arthritic symptoms were gone, and his 
colitis improved. He was advised to continue taking yeast at home. 

He re-entered the hospital six weeks later with a re-exacerbation of his colitis and 
arthritis. He had not taken any yeast because of the "gaseous feeling" which he claimed 
followed its use. On this admission the patient failed to show any further re.sponse to 
pyrido.xine hydrochloride. 


Case 7 (iirs. J. L.). — A 54-year-oId white, married female entered the hospital with 
cramping abdominal pains and a diarrhea of two weeks’ duration. 

Physical examination was negative except for a rapid irregular pulse rate. Badiographic, 
proctoscopic, and laboratory studies established the diagnosis of nonspecific ulcerative colitis 
complicated by a chronic cystitis and an auricular fibrillation of undetermined etiolo^j'. The 
patient was treated symptomatically with sedatives, transfusions, and high caloric low-residue 
diet. On an empirical basis she was given a treatment with carbarsone and emetine lydro- 
chloride, and later sulfanilamide therapy. To supplement her diet she was given thiamin 
chloride, 25 mg. intravenously, nicotinic acid 25 mg., b.i.d., ceritamic acid 200 mg., b.i.d., and 
liver extract 1 c.c. intramuscularly. In spite of these measures her condition remained un- 
changed. 


Wlien first seen by us, the patient had been in the hospital for eight weeks. Because 
of her cardiac condition ami marked weakness, objective tests were impos-dble. Her weak- 
ne.^s had progressed so far that ^he even required help to cat. We gave her intravenous saline 
for five days with no elTect.-. We then started pyridoxine hydrocldoride. The next day the 
patient felt much stronger, re.-ponded readily to questions, and noted an improvement in her 
appetite. By the time l.iO mg. had laten given (three daily doses) she was able to -it uD in 
bed for live minutes without assistance. After tea doses she was sitting up in a wheel chair 
and after two weeks of treatment she began to take a few steps: the was tlmn ,1! i 
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Case 8 (Sir. E. S.). — ivliite, married, 40-j’ear-oId male, wlien first seen had weakness 
and fatigue. Three months ago he had had a colo.stomy performed because of chronic 
ulcerative colitis. His colitis had improved, but he still complained of fatigue on slight 
e.xertioti. 

Physical examination was negative, except for the colostomy opening. Laboratory 
studies offered no aid. 

This patient was started on pj-ridoxine hydrochloride and showed a gradual improve- 
ment in strength. At the end of ten daj’s his arm pull had increased from 35 to 70 and his 
leg lift from 30 to 90. During two weeks of treatment he gained 10 pounds; in the previous 
three weeks he had gained only 3 pounds. 
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COJIPAEATWE EFFECTS OP PBOPYLENE GLYCOL AND SOME 
OTHER AGENTS ON OXYGEN CONSIFMPTION 
OP THE ORGANISiAP 


W. Van AVinkle, Jk., iM.D., San Francisco, Calif. 


T he voluntary running activity of white rats receiving propylene glycol was 
found previously to be increased somewhat.* These rats were not depressed, 
and they stored more glycogen than normal animals. The oxygen consumption 
of isolated liver perfused ivith propylene glycol was decreased, and the organ 
stored glycogen simnltaneonsly.- These results are related to the possible food 
value of propydene glycol, which has a definite glj-eogenic action. But some in- 
crease in general activity should theoretically increase oxygen consumption or 
leave it unchanged. Therefore, it ivas tliought desirable to investigate further 
the metabolic actions of this glycol, using oxygen consumption as the criterion. 
This report presents the results obtained. 

METHOD 

The apparatus used was of the closed-circuit type, a unit consisting of a 
Hempel desiccator acting as a rat chamber, which was connected by glass tubing 
and a three-way stopcock to a large glass cylinder of 4,500 c.c. capacity and 

^rom the Department of Pharmacology, Stanford University School of Medicine. San 
Francisco. 
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.^n-adualed at 10 e.c. intervals. Soda lime and calcium chloride were put in the 
desiccator to absorli carbon dioxide and water. The large cylinder was filled Avith 
pure oxygen. As a rat used o.xygen, rvater ivas alloived to siphon into the large 
cylinder from an 18-liter reservoir, thus equalizing the pressure inside the- 
system with that of the atmosphere. The amount of Avater siphoned over Avas 
a measure of the oxygen consumed, after appropriate corrections for changes in 
temperature and barometric pre.ssure. Six sneli units Avere operated at once. 

The rats Avere observed for seven hours in this metabolic arrangement. No 
rat Avas used for more than four conseeutiA'e days. Usually 2 runs Avith the use 
of glycol or other agents Avere made, alternated Avith 2 control runs. The oxygen 
consumption Avas expressed as cubic centimeters of oxygen for 100 sq. cm. of 
body surface per minute. Since the metabolism varied Avith the enAuronmental 
temperature, the control observations on each rat Avere plotted against the 
environmental temperature and the line through these points calculated bj’’ the 
method of least squares. The point at AA'hich this line crossed the 22°-axis Aims 
chosen to represent tlie average control result. Direct comparison of the r'esiilts 
on controls and Avith different agents Avas made by moving the experimental 
points parallel to the control line until the 22'^-axis Avas reached. The values 
so obtained Avere averaged, and the averages are summarized in Table I. 

The nutritional state of the animals and the enAuronmental temperature Avere 
as close to those of previous feeding and aetiinty experiments as possible.^ The 
animals AA^ere fed the usual stock diet of this department and Avere not fasted 
prior to the determination of oxygen consumption. The environmental tempera- 
ture Avas not held constant but Avas carefully observed, and the mean values 
of oxygen consumption Avere corrected for the A'ariations in temperature. 

The doses of propylene glycol and other agents used and methods of admin- 
istration Avere as folIoAvs; propylene glycol, 5 c.c. and 10 e.c. per kilogram, 
gastrically ; benzedrine, 2 mg. per kilogram, .subcutaneously; pentobarbital, 30 
mg. per kilogram, subcutaneously; and chloral hydrate, 250 mg. per kilogram, 
intraperitoneally. Tlic other agents, besides glycol, Avere used as a further 
clieck on the results Avitli tiie glycol. Benzedrine, Avhich is a general excitant, 
Avas expected to increase the oxygen comsumption, and pentobarbital and chloral, 
depressants, Avere expected to deci’ease it. tloAA^ever, only the benzedrine acted 
according to expectations. A total of 505 determinations on 19 rats Aims made. 
The duration of each observation Avas seA^eii hours. The other agents Avere com- 
pared in the .same rats receiving tlie glycol. 

CONTROL KE.SLLT.S 

A total of 256 control olJscrA'ations on 19 rats shoAved an average oxA-'mii 
consumption of 1.363 c.c. per 100 sq. cm. jier minute at 22° C. (Table'll) Tliis 
value had a varial)ility of less tlian 3 per cent. 

GLYCOL .and OT1IF.U .\GENT.S 

Propylene glycol, in both doses used, depressed the oxvgen eon.sumption 
sigiulieantly, i.e., down to an average of 1.142 e.c. from the control avera-e of 
1.363 e.c. Beuzedrme raised the oxygen con.sum,)tion in 14 i-ats and incre-ised 
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the activity, i.e., iucreased general excitability but did not cause tremors; tlie 
oxygen consumption was raised to 1.607 c.c. Interestingly enough, pentolmrbital 
decreased the oxygen consumption only slightly in 12 rats. This was interesting, 
since the animals which received proprdene glycol behaved in tlie same way a.s_ 
did the uumedicated controls and Avere not narcotized, Avhereas those receiving 
pentobarbital were markedly depre.ssed and, in fact, comatose, although the 
reflexes could be elicited. Eeeoveiy occurred at the end of a seven-hour period. 
Therefore, the depression of oxygen consumption caused by prop 3 dene glycol Avas 
not due to a decrease in general aetivitAL This confirmed the observations on the 
isolated perfused liver and explained aa'Iia' the rats, although shoAving no depres- 
sion of running actmty, Avere alfle to store energy (liver glycogen) better than 
control rats. The hurning of propjdene glycol requires less oxygen to release 
a given amount of energy than do most other foodstuffs (except fat). 

The results in 2 rats Avith chloral, AA'hich markedly depressed these animals 
and caused coma Avith loss of reflexes, Avere also interesting in that the oxj’^gen 
consumption Avas practically the same as that of the controls, contrarj’^ to ex- 
pectations. HoAvever, the residts Avith the agents, other than glj'col, are of 
value in shoAving that the depre-ssant effects of propjdene glycol on oxygen 
consumption are pecrdiar to this agent, since all other agents tried, except 
benzedrine, compared favorably Avith the controls. The explanation of this effect 
of propjdene glycol is not at hand, although the results in the AA’hole animal are 
consistent Avith a similar depression of oxygen consumption of the isolated liver 
perfused Avith this glycol. This storage of glycogen in the isolated liver, as Avell 
as in Avhole animals, indicates storage of energy for Avhich there is less need of 
oxygen, despite a fair general activity of the animals. 


COXCLUSIOXS 


1. Propylene glycol Avas found to depress the oxj^gen consumption of A\diite 
rats, this depression not being due to a decrease in actiAuty, since the depressions 
of pentobarbital and chloral in the same rats did not significantly decrease the 
oxygen consumption. 

2. These results on aaEoIc animals are in agreement Avith preAdous results on 
isolated liver perfused Avith propAdene glycol, A\diich also shoAved a decrease in 
oxygen consumption. 

3. The doses of propylene glycol used Avere beyond those likely to be taken 
as solvent or vehicle in food or medicinal agents, but the depression of oxyt^en 
consumption could occur Avith very large or toxic doses. This result Ls essentiallv 
of scientific importance, because the use of propjdene glycol has a Avicle maraiii 
of safety. 
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CLINICAL CHEMISTRY 


INSULIN FERRIHEMOGHROMOGBN'" 


Robert D. Barnard, JI.D., Chicago, Iei.. 


D uring the course of an investigation on the conjugation of ferriiieme 
(hematin) -with various niti’ogenous substances in liquid ammonia (a 
process by which it is ]jossiljle to prepare ferrihemochromogens wiiich are soluble 
in aqueous media at phj-siologie pH) it was desired to study the reactions of 
ferriheme with a protein in tin's solvent. Insulin was used in this particular 
instance because it is one of the few proteins which is soluble in anhydrous 
ammonia.^’ “ Wlien it was discovered that certain insulin ferrihemochromogens 
formed by this reaction showed a modification of the characteristic physiologic 
activity of the hormone, this modification was studied. The results indicate for 
these soluble insulin conjugates some of the properties possessed by the protamine 
conjugate and other relatively insoluble depot forms of insulin. 

Certain nitrogenous substances combine with ferriheme to give rise to a 
class of compounds called ferrihemochromogens. Among these nitrogenous sub- 
stances termed “suitable” by Bertin-Sans and de Montessier, are ethylamine, 
ammonia, aniline, glycine and taurine,® nitrite® (in the nitro form), cetjd 
pyridiniiun chloride and nicotinamide® and cyanide (in the isonitrile form). 
Some nitrogenous substances are “unsuitable” in this sense; acetanilid and 
sulfanilamide® and triethanolamine® come into the latter category. The pres- 
ence of quaternary nitrogen seems to be essential to the formation of a co- 
ordination compound with the iron of ferriheme. t 

Basic proteins, which contain a large proportion of quaternaiy nitrogen, 
can combine with large amounts of ferriheme. Globin can, in fact, take up 
fully thirty times the quantity of heme as there exists, preformed, in hemo- 
globin. This capacity of globin is exceeded by that of insulin which was found 
to be capable of combination with a maximum of about eight times its weight 
of ferriheme chloride — a ratio of one iron atom to each nitrogen of the insulin 
molecule. 

experbient.vl d.vta 


Crystalline insubn assaying 24 units per milligram or amorphous insulin 
assaying 20 units per milligram was dissolved in anhydrous ammonia in a 

iproni the Department of Ophthalniolosy of the Chicago Medical School. 

tAnother tj-pe ' " hydro-acid radicals 

volume, is possible, 
ferrides.”' The 
may or may not 

Received for publication, December 26, IJ-ii 

774 



BAKXAUO : 


INSUMX FEKRIHEJIOCIIROMOGEX 


pyrcx Dewar flask and treated with various amounts of ferriliemc cliloridcd" 
The ammonia was allowed to boil off at room temperature through a meicui\ 
trap, the last traces being removed by a suction pump. The insulin ferriheme 
conjugate was less soluble in anhydrous ammonia than either of its components, 
for, before all the ammonia boiled off, it precipitated as a gelatinous strawberry- 
colored mass. This became a greenish-black residue on removal of all the am- 
monia This residue was dissolved in water to a final concentration of 10 units 
per cubic centimeter calculated on the basis of original imsulin content. 

Table I 


■WEIGHT OF 

P^VBBIT 

(KG.) 

ilATERIAL 1 

TIME 

INTERVAL 

BLOOD SUO.W. 
(MG. PEP. 
100 C.C.) 

REMARKS 

IN'SULIK 

UNITS 

INSULIN 

ferrhiemo- 

CHROMOGEN 

RATIO 

UNITS 

HR. 

MIN. 

2.SS 

10 



0 


97 

Intravenously 





1 

41 

52 






24 

36 

102 

1 hour postprandial 

'J.05 


1:0 

15 

0 


99 

Intraperitoneally 





1 

21 

81 






24 

26 

81 

1 hour postprandial 



1 1:0 

20 

0 


113 

Intravenously 





1 

29 

56 






24 

40 

77 

1 hour postprandial 

1 99 


1:8 

5 1 

0 


108 

Intraperitoneally 





1 

30 

53 






3 

40 

<45 

Convulsions (20 c.c. 10% dex- 








trose) 


0 



22 

40 

75 

Intraperitoneally 





23 

10 

<45 

Convulsions 

1.70 


1:8 

10 

0 


106 

Intraperitoneally 





1 

30 

59 






o 

o 

20 

<45 

Convulsions (20 c.c. 10% de.\- 








trose) 





22 

40 

50 

Post-mortem sample 








Found dead in ri"or 


A few of the theoretically^ numberless pigment conjugates ndtli varying 
insulin and ferriheme ratios were prepared. One with a high ratio (5:1 of 
insulin to ferriheme), one with a low ratio (1:6), and one which was com- 
pletely saturated with ferriheme (1:8 insulin feiTihemoehromogen) were tested 
for physiologic activity. The first showed no difference in activity from that 
e.xhibited by ordinary insulin when given in the same manner and dosage. 
Subcutaneous injection postprandially of 10 units in a 2.72 kg. rabbit caused 
convulsions in 208 minutes, while the control solution of ordinary insulin under 
the same conditions brought the blood sugar level to the convulsive level in a 
litter mate in 197 minutes. The effect of insulin-ferrihemoehromogen ratios 
of 1 :6 and 1 :S on the blood sugars of rabbits is given in Table I. Thei’e appears 
to be a definite prolongation of the insulin effect even wlien these conju"ates 
are given intravenously or intraiieritoneally, a condition wliieh does not obtain 
when the depot forms of insulin are given in tliis manner.” The 1-S ratio 
of insulin and ferrihemoehromogen (which is fully saturated with the i)i'mient 
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as evidenced by the settling fi-oin solnlion of .small amounts of fen'ilicnie) was 
also tested by the mouse method. Ten animals were convulsed in an average of 
seventj^ minutes wdiile oiie-fourth the dosage of ordinary insulin caused con- 
vulsions in 10 mice in an average time of twenty minutes. 

No toxic manifestations otlier than for tlie insulin effect have been noted 
in any of the animals used, some of which have been pushed to the convulsive 
level repeatedly b}' the administration of the insulin ferriheinc conjugate over 
the past year. 

The nitric oxide and carbon monoxide derivatives of 1:8 insulin ferro- 
hemoehromogen have been prepared. Their study is in progress and is of in- 
terest since they appear to be somewhat resistant to tryptic digestion. At- 
tempts to form the eyanamide and the cyanide derivatives of 1 :S insulin ferri- 
hemoehromogen have not been successful. 


smnrARY 

A series of water-soluble conjugates formed by the reaction of insulin and 
ferriheme chloride in anhj'drous ammonia have been prepared. Insulin com- 
bines with ferriheme to a maximum ratio of 1 :8 where a relationship of one 
insulin nitrogen to one ferriheme iron atom exists. 

Chemical studies indicate that the combination is similar to that formed 
by nieotinates a 2 id ferrilieme where the nitrogen of the former is coordinated 
in the 4^ electronic orbit of the iron (ferriheniochromogen linkage) and is dif- 
ferent from that formed between eyanamide and ferriheme where the niti’ogen 
is polar covalent with the 3^ orbit (ferrihemide linkage). 

The molecular weight of 1:8 insulin ferrihemoehromogen is calculated to 
be in the neighborhood of 315,000. Consequently, it resembles in physiologic 
action the “depot" forms of insulin, and, even with intx'avenous or intra- 
peritoneal injection, administration to rats axid rabbits results in hj^poglycemia 
which is delayed in its onset and ijrolonged in duration. 

Repeated administrations in rabbits have indicated neither acute nor 
chronic toxic effects other than for the hjqxogbmemic convulsioixs induced, 
and this is considered as evidence against the reputed toxicity of ferriheme 
(hematin) . 

I wish to acknowledge my indebtedness to Dr. R. G. Roberts, of the Chicago Medical 
School, and to Dr. Walter S. Bridgins, of Armour and Company, for their material lielp in 
the investigation. 
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CLINICAL USE OF THE CEPHALIN-CHOLESTEROL 
FLOCCULATION TEST® 


Rich.vrd W. Lippalvx, M.D., and H. Bakst, ^I.D. 
New York, N. Y. 


W E BECAilE interested in the cephalin-eholesterol flocculation test, as 
developed by Hanger,' because of the simplicity of this method for evalu- 
ating “irritation of liver cells” and the significance of clinical jaundice. We 
have had the opportunity to study the test in 114 patients and present the 
re.sults as indicating that the test can be of definite clinical value. 

Recently Rosenberg^ has reported a considerable series which confirms 
the statements of Hanger. In 155 selected cases, he found that the test was 
reliably correlated with the clinical findings and felt that negative or slight 
reactions are indicative of obstructive jaundice, while prompt and strong re- 
actions are indicative of parenchjTnatous jaimdice. 

The test is performed by adding to 4 c.c. of normal saRne solution 1 c.c. 
of cephalin-eholesterol suspension’ and 0.2 c.c. of the serum to be tested. After 
mixing, the tube is allowed to stand at room temperature for twenty-four hours, 
then read. A homogeneously cloudy solution is read as a negative test. Com- 
plete flocculation and precipitation, with a clear supernatant fluid, is read as 
four-plus. ^Ve have considered three-plus and four-plus tests as “positive” 
and one-plus and two-plus tests as “doubtful.” 

For confirmation, as many tests as possible were performed on each pa- 
tient. In most eases, the icterus index, total protein and partition, and total 
cholesterol were determined, and in many cases bromsulfalein or galactose 
tolerance tests were done as well. It was impossible to obtain pathologic or 
operative proof in all cases, but cases were excluded from consideration imless 
the diagnosis was reasonably established. 

In Group I, there were 83 ca.ses with no clinical or laboratory evidence of 
intrinsic liver disease or of biliary obstruction. Of these, only 4 showed positive 
tests. Two were in cases of hypertlijn-oidism, one coincident with severe per- 
nicious anemia. One was in a ease of Cooley's anemia with a markedly en- 
larged liver. The fourth was a case of bronchial asthma and probable peri- 
arteritis nodosa. In each of these it is conceivable that liver damage or irrita- 
Uoi^us present in the alisence of other positive tests. It is well known that 


•From the inedlctil bcrvice of Dr. 
lamel lloapluil. York City. 

UcCclvcd for publlcallon. December 26, 1041 

Tf 

Hanger 


Hcrlz and tlit Chemical Laboratory of the Beth 


The cephalln-choleblerol mixture used in our tesld wai» kintiu- \ i . 

ger. ileihod of preparation can be found In the literature.'* ^ burnished by Dr. F. M. 
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liver damage occurs in hyperthyroidism. Tiiere wore 12 more c*ase.s witli doubt- 
i'ui tests. Of tlic.s’e, 3 u'ci’c cases of hypertiu'roidi.sm, and one was a case of pri- 
mary disseminated arteritis. In some of these repeated tests were later neg- 
ative. 

In Group II tliere were 22 cases with evidence of intrinsic liver disease. 
The 4 eases of catai'rlial jaundice were all positive and became negative witli 
the subsidence of clinical jaundice. Of the 6 cases of portal cirrhosis, 5 were 
positive aud one was doubtful. Of 10 cases of longstanding chronic passive 
congestion due to cardiac failure, 4 were positive aud 2 doubtful. 

In Group III there Avere 9 cases of obstructive jaundice. Two Averc 
strongly positiA'e. In one of these the test Avas taken just before exitus, a£tev 
many montlis of increasing jaundice. Tlie other Avas in a case A\"here the 
jaundice Avas of only three Aveelts’ duration; at oiAcration a carcinoma of the 
pauereatie head AVas found. The.se results arc compatible Avith those of Pohle 
and Stewart,^ who found that the flocculation test Avas positive in 18 of 23 cases 
of obstructiA'’e janndiee. This may be explained on the basis of damage to the 
liA'er, which occurs with long-standing biliary obstruction or Avith ascending in- 
fection and hepatic damage aeeompan 3 'ing obstruction. 


T.VBLE I 



0 

XfG.tWVE 

1-2 PLUS 
DOUBTFUL 

3-4 PLUS 
POSITIVE 

I. No liver disease or failiarv obstruction 

07 

Id 

4 

Cholecystitis 

10 

2 

0 

HyperthjYoidism 

3 

3 

2 

Others 

0-i ] 

7 

2 

11. Intrinsic liver disease 

4 1 

4 

U 

Catarrhal jaundice 

0 

0 i 

4 

C.P.C. of liver 

4 

O 

■1 

Portal cirrhosis 

0 

1 

5 

Others 

0 

1 

I 

III. Obstructive jaundice 

7 

0 

2 

Carcinoma of head of paiicre.a.s 

y 

' 0 

2 

Common duet .stone 

2 

n 

0 


CONCnU-SJONS 

We feel that the eophalhi-cholestevol floeculation test is of definite use in 
the evaluation of clinical jaiuidiee aud hepatic disease. It is no more infallible 
than any other test of liver status. HoAveA^er, in doubtful cases and in “false” 
positives, there is usually a factor Avhieh makes the existence of subclinieal 
hepatic damage or irritation (by other testing methods) a possibility. 

That the test is exceedingly inexpensive and simple to perform makes its 
value greater, and Ave suggest that this test be used roiitinelj^ in the study of 
cases Avith janndiee or with suspected hepatic disease. 
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IIETENTION OF NONPROTBIN NITROGEN IN THE BLOOD OF THE 
RABBIT FOLLOWING INTRAVENOUS INJECTIONS OP A 
HYPERTONIC SOLUTION OP DEXTROSE- 


R. H. Rigdox, B.S., M.D., axd Praxces Moore 
Mejiphis, Texx. 


R en All lesions have been observed in both man and experimental animals 
following the intravenous injection of hjT)ertonic solutions of sucroseJ"^ 
Recently Rigdon and CardwelP studied these lesions and found that the pri- 
mary changes in the kidney occurred in the epithelial cells in the convoluted 
portion of the tubules. These cells were swollen, and their cytoplasm stained 
very lightly with eosin. The nucleus was shrunken, and the periphery was ser- 
rated. There was a retention of nonprotem nitrogen in the Idood of the rab- 
bits showing these histologic changes. 

Investigators have usually foitnd it difficult to produce renal lesions by 
the intravenous injection of hypertonic sucrose with any degree of regularity.^- ^ 
Rigdon and CardwelP observed that many of their clinical cases were dehy- 
drated when they were first given the hypertonic solution of sucrose. In view 
of this clinical observation, these investigators dehydrated rabbits before and 
during the period in which the sucrose was given. With this technique they 
were able to produce renal lesions routinely. Accompanying this lesion there 
was a retention of nonprotein nitrogen in the blood. 


It was suggested by Rigdon and CardwelP that this renal lesion resulted 
from a retention of sucrose and water in the cytoplasm, of the epithelial cells 
in the convoluted portion of the renal tubules. The nuclei of these cells were 
shrunken as the result of dehydration. The swollen epithelial cells sometimes 
completely blocked the lumina of tlic tubules. This process by which retention 
of nonprotein nitrogen occurred following the intravenous injection of a h37)ei-- 
tonic solution of sucrose was reversible as showm bj-- a diminution in the quan- 
tity of nonproteiii nitrogen that was present in the blood of these rabbits fol- 
lowing the addition of water and cabbage to their diet. 

In the present experiments a hj-pertonic solution of dextrose was given 
intravenously to rabbits to study its effect on the kidney and on the retention 
of nonprotein nitrogen in the blood. The technique was the same as that used 
in previous studies when a hypertonic solution of sucrose Avas given to rabbits ^ 


•l-'roiii till- n.'i):irtm<.nt of UiilluiloKy. t'niv<.-i-...ity of Mi.nii>lii.s 

Eoun.l.u’ion and 'tl,,, Kniv.-r.siiy of 

UfC«'ivotl for Dublictition. DfC»'nib''r Ill 11. 

Tlu; nonprotfin nitrogen determlnjUlun \v;is iimdo In tht* ch* niistrv . . 

naruuoiu of mcdiclui'. 1 wi.sh to lli.ank Dr. Disgs for the use of his li'boratoo^ 
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JIETHODS AXD JIATERIALS 

Normal adult rabliits were used. They were given only oats for three days. 
At this time one group was given water, cabbage, and oats. A second group 
was kept on a diet of only oats. All of the rabbits were given 25.0 c.c. of a 
50.0 per cent buffered solution of dextrose* (d-glucose) intravenously each 
day for three to five days. The controls were given only oats and no dextrose 
during the time of the experiment. 

The nonprotein nitrogen and urea nitrogen content of the blood were de- 
termined by standard methods at intervals during the e.xperiment. The rab- 
bits were killed at varying time.s, and the kidneys were placed immediately 
into a solution of 10.0 per cent formalin. Paraffin sections were made and 
were stained with hematoxylin and eosin. 

The rabbits were weighed at frequent intervals. When some of the rab- 
bits, given only oats and dextrose, showed a retention of nonprotein nitrogen, 
they were given cabbage and water. Tiiis procedure was used for those rabbits 
in which the function of the kidney was permitted to return to normal as in- 
dicated by the level of nonprotein nitrogen in the blood. 

EXPEEIXIENT.VL DATA 

Fourteen rabbits were fed only oats and were given dextrose intravenously. 
Each of the animals that lived for either four days or longer showed a retention 
of nonprotein nitrogen in the blood. Rabbits 900, 928 and 931, as shown in 
Table I, were given cabbage and water after they developed a retention of non- 
protein nitrogen. The nonprotein nitrogen in Rabbit 900 was 120 mg. per 
100 c.c. on the seventh day and on the seventeenth day of the experiment it 
had returned to within the range of normal. The nonprotein nitrogen in 
Rabbit 928 was 148 mg. per 100 c.c. on the fourth day of the experiment, and 
the nonprotein nitrogen in Rabbit 931 was 87.5 mg. per 100 c.c. On the 
eleventh day of the experiment the former rabbit’s nonprotein nitrogen was 
34 mg. per 100 c.c., and the latter’s was 33 mg. per 100 c.c. 

Five rabbits as shown in Table I were given cabbage, oats and water 
during the period in which the hypertonic solution of dextrose was injected. 
There was only a slight rise in the level of the nonprotein nitrogen in any of 
these rabbits. Rabbits 902 and 903 showed the greater degree of retention 
They did not receive adequate amounts of cabbage during the time of the e.x- 
]5eriment. 

Three rabbits (Table I) were given only oats, and the nonprotein nitrogen 
was determined at frequent intervals. The highest level of the nonprotein 
nitrogen was 67 mg. per 100 c.c. on the third day in Rabbit 807 and 60 mg. per 
iOO c.c. in Rabbit 806 on the sixth day. Tlie results of this experiment''illu.s- 
trate the effect of dehydration on the retention of nonprotein nitroo-en in tlm 
blood of the rabbit. 

Urea nitrogen determination.s were made in Rabbits 978, 979 and 980 
They were 25.0 mg. per 100 e.e. in Rabbit 978 on the second day of tli'e experi 
incut, 2 8.0 mg. per 100 c.c. in Rabbit 979, and 22.0 mg. per 100 c.c. in Rabbit 

•The dextrofae was supplied by Ell Lilly and Company. 
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9S0. Tlie urea uilrogeu Avas 50.0 mg. per 100 e.e. in Babbit 978 on the tim’d 
experimental clay. It Ava.s 60.0 mg. per 100 e.e. in Ealibit 978 on the 
only 30,0 mg. per 100 c.c. in the control. Babbit 980. Babbit 980 had on y -o. 
ni" per 100 c.c. urea nitrogen on the fit-tieth day. These observations show 
thlt the urea nitrogen of the l)lood increases in the rabbit following the in- 
travenous injection of a 50.0 per cent solution of dextrose cvhen the animals 

are dehydrated. 



TIME I M DAYS 


illHStrates the loss in weight ami the amount of nonproteiii nitrogen 
-The ,®abhits at differeSt intervals during the e.xperiment. 


All of the rabbits lost weight cliu-ing the tune of the experiment. The 
•iverao-e decrease in weight of the group given cabbage, water, oats, and the 
hypertonic eolution ot dertroeo 60 Gm. Those given only oate lost ... av- 
f 389 Gm Fi" 1 illustrates the loss m weiglit of the rabbits and the 

Imolt of ..o..protcm°nil.'osen » tl>« 

'’“’“riMogic .Indies .ve.'e .....do o„ il.o kid...ys fro,,. Babble SOI 807 903, 
or, nog nvR nnd 979. Each of these animals was killed. The kidnej^s 
’s09 and 901 were also studied histologieaUy. These rabbits were 
from K.bb.ts ™ the kidneys were removed. There were no 

mafriop"' lerved in .be ki^.er.. The epi.be, ia, ceils in .be eon- 



HUilioN-Mnulu; ; 


NUNl’HOnUN NITKlltiKN IN lll.ODi) U:' UAIimi' 


Ts:! 


voluli'il piiiliiiii oi' llii* luliiili's in Uahlnt Ifi'.t wiMc sliulitly swnllcii iind llif 
(•ylopla.sin was tilli'il wilh sinall i>iiik ^'rannlfs, A sinall aiiionnl m alintinin 
was iii'csi'iil in tlu' Inniina ni’ ilic InhnU-s. 'I'lu' Uidni'y irnni llahdit sn)' slmwi.'d 
oxsi'iilially lilt' sann' cliarai'lcristii's as llio kidni'y rnnn Ifaldiil 92!l. 'i'lic t;|i- 
itludial t'olls in tin; kidiiny of Ualiint Jt70 wi;ri‘ swnllnn, and (In; cytoplasm 
stained li;j;ii(iy witli cosin. 'I'ltc kidneys from llu: otlicr raliliils showed only 
>oim' swcllin;^ of the epithelial cells in the, convolnleil iioftions of the tnhnlc. In 
fact, there was very little histologic dilVereiice in any of these .sections. 'I’ln; 
kidinws from the rahhit.s showint; a retention of nonprolein nitro^;i'n wa;re very 
similar to the controls and also to those in which (he level of nonprotein nitro- 
gen was elevated and (hen relnrned to normal. 



I'ib-. 

swollen, 
was gi 
nitrou 


b^ig. 2. — Rabbit U7*J. The t'plllK'llal cells In the convoluteil portions of the tubules are 
n. Usually the cytoi)lasiu is tlnvly granular and stains deeply with eosln This nihhit 
iven 25.0 c.c. of a 50.0 per cent solution of dextrose dully for three days. Tho nonmon^in 
i*n on the fourth ilay at tlu- time of death was 113 mg. per 100 cc »onpiotc]n 


DISCUSSION 

The data obtained from this study show that rabbits j>iven 3 to 5 intiai- 
venous injections of a hy])ertonie solution of dextrose (20.0 e.e. of a 50 0 per 
cent solution) develop a retention of nonprotein nitrogen when the intake of 
Iluid is restricted. Following the retention of the nonprotein nitrogen if the 
animals are given Iluids in the form of water and cabbage, the level of tlie non- 
protein nitrogen in the blood rapidly returns to normal. Tins observation in- 
dicates that the mechanism by wliicli the nonprotein nitrogen is retained in the 
blood is a reversible process. We are unable to give the maximum level u-hich 
nonprotein nitrogen may reach and still return to normal. 

No characteristic pathologic changes were observed in tlie kidneys of those 
rabbits that developed a retention of nonprotein nitrogen followino- the in 
travenous injection of a hypertonic solution of dextrose. The epithelial eells 
of the convoluted portion of the tubules may become slightly swollen and th^ 
cytoplasm may become granular. Small amounts of albumin were prLent 
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a few of the tubules. The kiclnej^s from the rabbits given oats and those from 
the rabbits given dextrose, oats, water, and cabbage showed essentially tlie same 
histologic changes. 

The rabbits given hypertonic solutions of sucrose had swollen and vacu- 
olated epithelial cells in the convoluted portion of tlie renal tubules. The 
nuclei of the epithelial cells wex’e shrunken.'* It was interesting to observe the 
difference in the histologic changes in the kidney in the rabbits given the hyper- 
tonic solution of sucrose and in those given the hj'pertonic solutions of dex- 
trose. There was, however, a retention of the nonprotein nitrogen in the blood 
of the rabbit following the intravenous injection of both of these sugars. 

Oats were selected for the basic diet of tiiese rabbits since the amount of 
fluid obtained from them is only negligible. Cabbage was used primarilj' for 
its high-water content. 

It would be interesting to know if there are any clinical complications fol- 
lowing the use of hypertonic solutions of dextrose similar to those observed 
following the intravenous injection of hypertonic solutions of sucrose. Hjiier- 
tonic solutions of dextrose are frequently used clinically for the reduction of 
intracranial pressure. Slassermau’ observed the effect of various amounts and 
different concentrations of dextrose on So normal patients. He found that “the 
administration of 50 Gm. or less in 20 per cent solution produced no imtoward 
clinical sequelae other than diuresis; however, the intravenous injection of 100 
Gm. or more in 30 to 50 per cent solution caused headaches and other adverse 
symptoms in 72 per cent of cases, whereas 58 per cent of the patients receiving 
185 Gm. or more suffered transient pyre.xia.’’ Blau® has suggested that a 
hj'pertonic saline solution is preferable to hj’pertonic dextrose to reduce cere- 
brospinal pressure. 

SUJDIARY 


Babbits when dehydrated and given a daily injection of 25.0 e.e. of a hj'- 
pertonic solution of dextrose for three to five days developed a retention of 
nonprotein nitrogen and urea nitrogen in the blood. 

Following the retention of nonprotein nitrogen, when fluids were given, 
the nonprotein nitrogen content of the blood returned to normal. 

There were no characteristic pathologic lesions observed in the kidney of 
the rabbits given solutions of hj'pertonic dextrose and developing a retention 
of nonprotein nitrogen. 
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COKCKOTRATIOX OF SUrj.'AGOANmrNUJ (SUI-KAN'^ 

IN THE PERIPHERaVL BLOOD OF HUMAN LEINLS At ILR US 
INTRODUCTION INTO THE LaVRGE BOAVRL AND 
AFTER ORAL ADZ^HNISTRATION^ 


John- L. Keeley, U.T)., axd William :\L JIcCorp, PilD., JLD. 
New Orleans, La. 


OULF\GLLVNIDINB (sulfanilylguanidine), a .sulfonaimde denva i\e, ia.s 
S been described by iMarsball and his associates' as a ehemothevapoutic agen 
for intestiiml infeetions. Relatively small amounts of the drug are absorbed 
from the gastrointestinal tract, thus providing a rather high concentration in 
the intestine ndiere it may act on the coliform bacilli of the intestinal flora. It 
has been shown' that in dogs sulfaguanidine i.s absorbed to a much gieatei e- 
erree bv the small bowel than by the large bowel and that the levels of the sulf. - 
'"uanidine in the blood after absorption from the large bowel are much lower 
than the levels of sulfanilamide when the latter drug is given by the same route. 

Five patients with well-functioning colostomies and with clinically and 
-rossly normal gastrointestinal tracts above the site of obsti-uction afforded the 
opportunity of comparing tlie blood levels of sulfaguanidine which might result 
from its oral administration with those found after the drug was instilled into 
the large bowel in human beings. The procedure to be described was earned 
out after the colon had emptied spontaneously in the usual manner and at a 
time when no further activity of the large bowel was e.xpected for at least six 
to ei-ht houi-s. Doses of 3 to 5 Gm. (60 or 100 mg.Ag. of body weight) of sulfa- 
^uanidinel were used in the form of suspensions and were introduced into the 
large bowel in a manner not liable to initiate peristalsis. The suspension was 
introduced into the distal loop of a transverse colostomy in 2 patients, into the 
proximal loop of a sigmoid colostomy in 2 patients, and into the distal loop of a 
sigmoid colostomy in one patient. Blood samples rvere collected at intervals 
during the following four to six hours. At the end of these periods of sampling, 
the dressing covering the colostomy was inspected to detect evidence that the 
suspension had been expelled. The loop of large bowel was then flushed with 
warm water to remove as much of the drug as possible. A dose of the drug- 
similar to that placed in the large bowel rvas then given by mouth, and blood 
samples were collected at intervals during the subsequent seventeen hours. The 
levels of free sulfaguanidine in the blood samples were determined according to 
the method described by Jlarshall and his eo-workers.= 

^rom the Departments oC Surgery and Biochemistry, Louisiana State University School 
of Medicine. New Orleans. 

Received tor publication, January 14, 104-. 

tSuItaguauidine through tlie courte.sy of Lederle Laboratories. New York. 

785 



THE JOURNAL OF I.ABORATOJJY AND CW.VICAL 3IEOICX.VE 


78(> 


The results are sliowii in TabJe I, and the trends of tlie concentration of the 
drug in tlie blood are represented ixi Fig. 1. Tiiere ^vas Jio evidence that tlie drug 
had been expelled from tlie colon, 3 'et a measurable concentration of sulfaguaiii- 
dine was not found in the pei-iirheral blood of any of tlie 5 patients during the 
four to six hours following its introduction into the large bowel. Concentrations 



dulfaguanidine iJy mouth 

Fig. 1. — Sultaguanidine levels in the peripheral blood aXtor oral adniinfsfration. 

Table I 

Blood Levels of Sulfaguanidixb After Its Introduction Into the Large Bowel and 

A ITER ORMj „VDjnNISTRAT10N 


patient j .M. R I .At. C. I AI. F. | JI. J. ( B. C. 

Large Boioel 


BOSE 1 

1 00 IIG./KG. ' 

1 100 MG./KG, j 

1 100 jio./ko. I 

1 100 iia./KO. 

1 100 JIG./KG. 


HR. ] 

1 MG. % 

IIK. 

1 mg. Ye 

HiJ. , 

1 -MG. % 

HR. 

mg. % 

HR. 

I -mg. Vo 

i 

i 1 

0.0 

iVj 

0.0 

1 

1 0.0 

2 1 

0.0 1 

1 ] 

1 0.0 


^ 1 

1 0.0 1 

3Yj 

1 0.0 


1 0.0 

* 5 1 


3 

1 0.0 

1 

a 1 

1 0.0 J 

oYj 

1 0.0 

Ilf- j 

1 

' 1 

0.0 j 

I 1 

0.0 


After Oral Administration* 


DOSE 

60 MG./KG. 

100 MG./KG. 

100 sig./kg. 

100 mo./kg. 

100 mg./ko. 


HR. 

JIG. Vo 

HR. 

MG. Vo 

HR. 

MG. % 

HR. 

mg. % 

HR. 

mg. % 


2 

0.89 

1 

i.ia 

2 

1.19 

2 

0.90 

1 

1.14 


i 

1.-12 

(J 

2.13 

4 

1.60 

4 

1.37 

3 

2.28 


7 

LO'O 

5 

0.94 

« 

1.20 

e 

2.02 

5 

2.05 


li 

J.06 

7 

0.70 

S 

1.02 

9 

2.-10 

11 

1.14 


17 

0.71 

10 

0.00 

IS 

0.23 

IS 

0.91 





17 

0.00 



- ■ - 





^SiilfasaankUtie reniovod from colon by lavage. 


of the free form of the drug, varjdng from 0.89 to 2.13 mg. per cent, were found 
in the peripheral blood in all 5 of the samples withdrawn two honr.s after oral 
administration. Tlie peaks of concentration occurred mthin two to seven hours, 
and the maximal blood level Avas 2.62 mg. per cent. In general, the blood levels 
corresponded to tlie dosage, being higher Avhen larger amounts of the drug were 

given. 
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Following flic oral adniinislriilion of tlie drug, one patient complained of 
vertigo which lasted for twenty-four hours and another was nauseated for six 
hours. In 3 of the patients erythrocyte and leucocyte counts and hemoglobin 
determinations were made at the beginning and at the end of the experimental 
period. No .signiticaul din'erencc.s wci’c found. 

CONCLU.SION 

Sulfaguanidine, in the form of an aqueous suspension, when introduced 
directly into the large bowel through a colostomy stoma, is not absorbed from 
the left half of the colon in human beings. 


RKb’ERENCKS 

1. jriir.sliall, E. K., Jr., Bratton, A. C., AVhile, II. J., ancT LitclificM, J. T,, Jr.: Sulfanilyl- 

Su.midiiic; Chcmotlienipcutie Agent for Intestinal Iiifcction.s, Bull. Johns 
Hopkins Hosp. 67: 103, 19-10. 

2. Bratton, A. C., and Atarshall, E. K., Jr.: New Coupling Component for Sulfanilamide 

Determination, J. Biol. Chem. 128: 5.37, 1939. 


THE IJIMEDIATE EFFECT OP CIGARETTE SJIOKING UPON BASAf. 
METABOLIC RATES OP UNIVERSITY MEN AND tVOMEN'' 


Verz R. Ooooard, Ph.D., and Jack G. Vo.s.s, JI.A. 
Los Angeles, Calif. 


T he object of this inve.stigation tvas to determine the immediate effect of 
cigarette smoking upon the basal metabolic rate of the smoker, since a ques- 
tion as to the existence of such an effect had arisen. In .spite of a careful search 
of the literature, little definite evidence was found. There seems to be, however, 
a general impression among clinical workers that smoking is followed by a 
rise in basal metabolism. We resolved to test this assumption under conditions 
approaching tliose under which clinical determinations are made. It was hoped 
that a definite answer to the question of the immediate effect of smoking could 
he obtained from the results. 

Males* noted that the injection of rats with minimal doses of nicotine, the 
active principle of cigarette smoke, produced a transient rise in metabolic 
rate, followed by a more prolonged period of subnormal metabolic activity. This 
may be taken as an indication that smoking is capable of affecting the metab- 
olism in some way. Furthermore, Schlumm^ found a high basal metabolic rate 
(average +19.9 per cent by Hai-ris-Benediet standards) in heavy smokers in 
Germany ; the ba.sal metabolic rates fell to a normal level soon after smokino- was 
discontinued. More recently, Hiestand, Ramsey, and Hale" reported further 
evidence for an increase in basal metabolism as an immediate result of cigarette 
smoking. There is, therefore, some indication in the literature that smokinn- 
may affect llie nielaholie rate. ” 

LOS Econo.nics and Bacterioloir,.. University of California, 

l^eceived for publication, February 17, 19-tl. 
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EXPERIMENTAL 

The subjects taken for tliese tests were men and women of college age, 
selected at random from students apparently in good physical condition at the 
time of the experiment. All were accustomed to smoking either habitually or 
occasionally. The subject relaxed for one-lialf hour before the first test; tlie 
control basal rate was then determined, using the Benedict-Roth recording metab- 
olism apparatus. Two six-minute tests were averaged for the control run. 
Following this, the subject was allowed to sit up and smoke approximately 
three-fourths of a cigarette. Physical exertion was Icejit at a minimum. The 
subject then lay down again for another rest period of twenty-five to thirty 
minutes, at tlie end of which lime two more six-minute runs were taken. Prom 
the average of these, the apparent basal metabolic rate after smoking was 
determined. The deviation from the control test, previously obtained, was 
expressed as percentage difference. The calculations of the normal calories 
per hour were made by use of the standards of Dubois, as modified by Sandiford 
and Boothby. 

Table I 


SUBJECT 

SEX* 

SXOKtNG 
HABITS f 

BASAL 

RATE 

PER CEN'T 

NORilAL 

CAL./IIB. 

ACTUAL 

CAL./HR. 

(control) 

AFTER 

SilOKIXG 

C4\X./IIR. 

PER CENT 
DEVIATION' 

V. Bu. 

F 

H 

- 2.0 

56.S 

55.4 

64.1 

+15.7 

M. C, 

P 

0 

-10.0 

54.2 

4S.8 

00.9 

+14.6 

A. T. 

F 

0 

- 9.8 

59.0 

53.2 

59.4 

+11.7 

S.C. 

P 

0 

-10.6 

56.5 


55.5 

+ 9.9 

P. J. 

P 

0 

-14.1 

59.0 


53.4 

+ 5.3 

J. W. 

M 

0 

-15.6 

74.6 

63.0 

66.2 

+ 5.1 

J. Ah 

M 

H 

-13.5 

70.9 

61.3 


+ 4.4 

D. F. 

P 

0 

- 8.9 

60.9 

55.5 

57.3 

+ 3.2 

J. 0. 

M 

H 

-15.9 

66.8 

56.2 

57.9 


S. L. 

M 

H 

-14.6 

78. 1 

66.7 

67.9 

+ 1.8 

E. B. 

P 

0 

- 8.S 

53.0 

4S.S 

49.7 

+ 1.8 

D. C. 

P 

H 

-17.5 

59.0 

4S.7 

49.3 

+ 1.2 

J. C. 

P 

H 

- 3.4 

58..3 

56.3 

56.3 


E. S. 

P 

H 

- 6.6 

58.8 

54.9 

54.0 

- 1.6 

J. F. 

M 

H 

- 7.9 

78.7 

72.5 


- 2.6 

M.R. 

P 

0 

- 4.7 

oo.O 

52.4 

50.7 

- 3.2 

M. S. 

P 

H 

- 5.0 

58.3 

55.4 

53.5 

- 3.4 

D. U. 

M 

H 

- 3.6 

75.4 

72.7 

69.4 

- 4.5 

V. Be. 

F 

H 

- O.S 

59.0 

58.5 

54.1 

- 7.5 

J. G. 

M 

H 

-14.3 

72.9 

62.5 

57.3 

- 8.7 


Mean value + 2.3 


*M := Male. 

E := Female. 

to = Occasional smoker. 

H = Habitual smoker. 

Standard precautions and pi’ocedures (i.e., testing for leaks, determining ab- 
sorption of carbon dioxide, etc.) wmre used throughout tlie experiment. The 
subject was, of course, in basal condition and had not smoked on the morning 
of the tests. In order to control a factor Avhich might possibly vaiy, the same 
brand of cigarettes was used in all eases. It was shown at one time by the 
Bureau of Investigation of the American Medical Association^ that this brand 
contained 1.44 per cent nicotine, Avhieh Avas slightly beloAv the average for 
standard brands. The necessity for this preeautioii is indicated by the Avork of 
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Haag," who found that the blood pressure of aue.sthesized dogs, given in- 
travenous injeetious of siuokc .solutions prepared from .several brands of 
cigarettes, could he correlated with the nicotine content of the cigarettes. 

The 20 subjects were selected from more than 40 upon whom control tests 
were run. Only those tests in which, by all criteria, the subjects appeared 
relaxed, and in which the oxygen consumption in the two six-minute periods 
agreed within 3 mm. on the chart were considered. Results of doubtful validity 
were not used. 

The results of the tests arc shown in Table I. The last column was ob- 
tained by dividing the dift'erenec between the two previous columns by the 
control (actual calories per hour) and multiplying by 100. 


DI.SCU.SSION* 


The results given here shown that the apparent basal metabolic rate de- 
termined approximately one-half hour after smoking may be either above or 
below the control test taken prior to smoking, but that the deviation is by no 
means constant. In many cases the difference obtained was certainly great 
enough to be considered significant. 

The work of many investigatoi-s has indicated that .smoking, or nicotine, 
stimulates the adrenal glands to an increased secretion of adrenaline. Hous.say 
and ilolinelli'''' ' showed that nicotine acts directly upon the adrenal medulla 
of dog!5, causing release of the hormone by a .specific reaction with, that tissue. 
Haggard and Greenberg’ found a rise in blood sugar after smoking, which they 
atti'ibuted to the action of adx’enaline. Johnson and Short® observed a rise 
in the peripheral skin temperature after smoking, while Short and Johnson’® 
noted that pulse rate, blood sugai', peripheral .skin temperature, and blood 
pre.ssure were similarly influenced by smoking and bj- .small amounts of 
adrenaline. 

In the recent report of Hiestand, Ramsey, and Hale® an adrenaline effect 
was pointed out as the probable cause of the physiologic responses to smokin". 
In 82 per cent of their subjects (not in basal condition) the metabolic rate was 
increased following smoking. Sixty per cent of our subjects showed an increased 
basal metabolic rate, whereas 35 per cent showed a lowering in the rate The 
mean value of the percentage deviation was 4-2.3 in our study, while the above 
authors reported an average of 4-8.9. They did not attempt to'explain the lower- 
ing of the metabolic rate, immediately following smoking, in 13 per cent of their 
subjects. 


As Haggard and Greenberg’ showed, when the blood sugar is raised an 
increment in carbohydrate oxidation, and, therefore, a higher m°etabolie rate wa.s 
to he expected. For this reason, a rise in basal metabolism following smokin- 
was anticipated. However, a possible explanation for the unexpected^ variation 
in results has been tentatively advanced. It is well knomi that the sympathetic- 
nervous system vanes m responsiveness in different indinduals, and that the 
adrenals are under its control. It is .suggested tliat the response of these -lands 
to the stimulanoii due to smoking occurs after different time intervals in differed 
subjects, causing a preliminary rise in basal metabolic rate, followed bv a drop 
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to subnormal values before (lie return to normal. This siipijosition is borne out 
bj'- the work of IMales’ on rats. Johnson and Short'-* noted a time difference in 
their subjects in changes of the pcriphei'al skin temperature after smoking, and 
Hiestand, Ramsey, and Hale^ noted eJianges in responses of their subjects over 
a pez-iod of forty-five minutes following smoking, with regard to heart rate, 
blood pressure, oxygen pulse, and metabolic rate. 

Haggard and Greenberg® observed that the respiratori' quotient reached its 
peak in about fifteen minutes after smoking, and during the next thirtj* minutes 
returned to the normal level or slightly below. As the method of indirect 
calorimetry was used in our deteiminations, it is evident that in cases of ap- 
pai-ent increase in the basal metabolic rate, the actual increases may have been 
even greater than those calculated, since the metiiod of calculation assumes a 
respiratory quotient of exactly 0.82. The work of Dill, Edwards, and Forbes'^ on 
ten subjects, however, indicated that the smoking of one cigarette resulted in no 
appreciable change in respiratory quotient. 

With regard to interpi-eting our own results, therefore, it is possible that 
(1) the “metabolic i-ate-time eurs'e’’ may have been distinct and characteristic 
for each person; and (2) the basal metabolic rates of onr subjects were de- 
termined at different points on their individual curves. 

With regard to other phenomena observed, it was found that the pulse rate 
was generallj" higher, the body temperature usually higher or constant, and the 
rate of respiration often higher after smoking. This is in general agreement 
with the work of Short and Johnson and othei’s, although Hiestand, Ramse 3 ', and 
Hale found a decrease in the rate of respii'atiou. It was further noted that sex 
seemed to have no uifiuence upon the immediate reaction to smoking. 

It was significant that all the control basal metabolic rates of our subjects 
showed a negative deviation from the predicted standards. This is in general 
accord with the results of iMartin,*® Mason,'® and Tilt and Walters," obtained 
upon subjects in tropical or subtropical climates. 


suam-ARY 


1. The apparent basal metabolic rate after smoidng generally shows an 
appreciable deviation from a control rate determined prior to smoking. 

2. The generally accepted rise in basal metabolism some time after smoking 
is by no means a universal phenomenon. 

3. A rise in pulse rate, respiration rate, and body temperature foUowng 
smoking is generally observed. 

4. The sex of the subject apparently does not influence his energy output 
following smoking. 

5. A possible explanation of the indimdnal response to smoking is offered. 


r-ratpful acknowledgment is made to our voluntary subjects for their faithful cooperation, 
and to 'Wiinam C. Boeck, of Los Angeles, for his helpful suggestion with regard to interpre- 
tation of our data. 
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SLIDE AGGLUTINATION IN DETECTING PEETUSSIS ANTIBODIES'^ 


Comparison op Slidk With Tube Agcletination 


Lucy ^Iishueow, B.A., New Pork, N. Y. 


D IAGNOSIS by menus of slide a^gg'Iulination has been used successfully 
for some time in Brueellosisd'® and in typhoid-paratyphoid infections.'’ ® 
More recentl 3 ’ Evans and ^laitland'-’ recoiumendcd slide agglutination for the 
diagnosis of pertussis. Using a concentrated antigen of live //. pertussis and 
examining the slides microscopieallj'. thej' obtained more positive i-esults on 
the slide than on macroscopic tube agglutination. 

The main advantages of slide over tube agglutination are (1) the small 
amoiuit of serum recpiired for tiie test, (2) the rapidity of the reaction (agglu- 
tination usually occurs within a few minutes) and (3) the simple apparatus 
necessary to carry out the test. Therefore, if on further tests slide agglutination 
should prove sufficiently sensitive to detect weakly positive sera, it would he 
an impro%"ement on the more cumbersome and time-consuming method of tube 
agglutination. With this object in view we liave tested a fairly large number 
of sera by slide and tube agglutination. 

The use of a live antigen in slide agglutination a.s recommended b,v Evans 
and Maitland® seemed undesirable, since it would be necessary to prepare a 
suspension of the bacilli and standardize it for each day's tests. We found, after 
several trials, that ive could use with equal success a suspension that was killed 
by means of 0.5 per cent formalin, or 1 :50,000 dilution of merthiolate. This 
antigen did not lose its agglutinability after seven months’ storage, which was 
the period of this investigation. Antigens that were killed by means of gentian 
violet in a 1 :20,000 dilution or brilliant green in a 1 .40,000 dilution became 
less agglutinable upon storage and were therefore not used. The antigen 
that we emplojmd in our tests was prepared as follows : 

A fortj^-eight-hour growth of //. pertussis on freshly prepared Bordet- 
Gengou medium was emulsified in sterile phj’siologie saline. Tlie suspension 
was '^filtered through sterile cotton to remove particles of agar, and the 
bacteria were precipitated by centrifugation. They were washed twice in 
saline and after the second washing they were suspended in physiologic saline 
which’ contained 1 :50,000 merthiolate. The antigen was stored at 8 to 10° C. 

The optimum concentration of the antigen for rapid slide ag,glntination 
was determined by titration with an antipertossis rabbit senira and was later 

^om the Bureau of Laboratories, New York City Department of Health. 

Beceived for publication, July 15. 1941- 
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chocked ^viUl known positive human senv. Seeial dilutions wefe 
nositive sennn and eaeli dilation was tested with various concentiations ot 
the antiijen. As a control a live suspension of the bacilh was used in a con- 
ceutvation of 100 billion as reeominended by Evans and iMaitland. N c oui 
t «.v,Uio„ „C i-. bffli.,u rnmUi.cL- „1 the k, W e^en 

<-n-c more clear-cut aui,diitination than higher concentrations, and a^^^vd - 
nation took place in the same dilutions as with the live antigen. e tlieretore 

used our antigen in a ‘2b billion concentration. . , , • 

Before each day’s test, the antigen was diluted with sterile physiologic 
saline to 25 billion bacilli per milliliter and wa.s hltered through a GO-me h 
monel metal wire gauze to remove elumps. It wa.s then titra ed with 
positive serum to determine its sensitivity on the day of the test. The same 
positive serum was used throughout this study, and Us titer remained remaik- 

Tho Test— The sera were tested undiluted; 0.01, 0.02, 0.04, and O.OS ml. 
amounts were used according to the method of Welch-Stuart^ for typhoid-para- 
tvnhoid diagnosis. The stated amounts of serum were measured into the 
center of 4 paraffin rings on a glass slide by means of a pipette that was 
.rraduated into 0.01 ml. A drop of the antigen was added to the serum from 
a standardized capillary pipette that delivered approximately 0.015 ml. in each 
drop The serum and antigen were thoroughly mixed by means of a wooden 
applicator beginning with the smallest amount of serum. The slide was tilted 
hack and ’forth for one minute, and a preliminary reading was made. The 
final reading was made after an additional three minutes’ incubation at room 
temperature” All readings were made maeroseopieally, using a constant light. 
We found it unnecessary to read the agglutination on the slide micioscopically 
since the elumps were distinctly visible to the naked eye. 

Strongly positive sera agglutinated usually within one minute; weakly 
positive sera required two to three minutes. Where agglutination was com- 
plete, the elumps were large and the fluid clear. A serum was considered 
neo-ative when it showed incomplete or no agglutination after four minutes’ 
incubation at room temperature; a longer period of incubation could not be 
used, as the mixtures began to di'j'^ after four minutes. 

frgglutination usually took place first in the 0.01 and 0.02 ml. then in the 
0.04 and 0.08 ml. amounts of the serum, thus showing that the optimum pro- 
portion of serum to antigen was in the 0.01 or 0.02 ml. amounts of the serum. 
The final results were recorded on the basis of agglutination in 0.01 ml. of the 
serum. When agglutination rvas complete in the undiluted serum, serial 
dilutions were made, and 0.01 ml. of each dilution was tested for agglutination. 
The result of the titration was recorded in terms of the highest dilution of the 
serum that showed distinctly visible clumps. 


TUBE AGGLUTIXATIOX 

Aidipen.— The preparation of the antigen wa.s described in detail iu a 
\irevious publication.*" A formaliiiized saline suspension of a forty-eight-hour 
growth of II. pertussis on Bordet-Gengou medium was standardized and was 
tested for agglutination with a known positive serum. It was stored in con- 



794 


THE JOUK.VAL OF LABORATORY AND CLIXICAL ilEDICIXE 


Table I 


Slide Versus Tube Agglutination in Detectino Pertussis Antibodies 


HISTORY 

TOTAL 

1 AGGLUTIN-VTION 

TOTAL 

POSITIVE 

SERA 

NO. 


msm 

SLIPE 

TUBE 

Persons vaccinated against pertussis 

19 

19 


L + 

19 

19 

Alice vaccinated with various pertussis] 


10 


IKBl 

19 

16 

antigens 








iHH 






Xormal mice 

SB 


0 


0 

pn 

Persons with history of wiiooping cougli 

30 

2 

-f 

4* 





0 

+ 

0 





22 

0 

0 



Persons with colds or coughs definitely ex-| 

50 

0 

-I 

+ 

14 

7 

posed to whooping cough { 


s 

+ 

0 





1 

0 

+ 





R5 

0 

0 



Persons ivithout clinical symptoms definitely 

G 

o 

+ 

4- 

o 

O 

e.vposed to whooping cough 


4 

0 

0 



Persons with colds or coughs probably ex- 

SI 

7 

-f 

-i- 

14 

9 

posed to whooping cougli 


7 

■t 

0 




j 

2 

0 i 

4* 




1 

Go 

0 1 

0 

1 


Persons with no illness probably e.xposed 

o 

2 

0 

0 

0 

0 

to whooping cough 







Persons ivith colds and no known e.xposurcs 

45 

o 

+ 

-1- 

O 

2 

to whooping cough 


43 

0 

0 



Persons without illness and no known e.x- 

■SESHI 

?. 

“f 

-i- 

3 

4 

posures to whooping cough 


1 

0 

+ 





GS 

0 

0 



Aliscellaneous sera for pertussis diagnosis 

I 

2 


4- 

G 

3 


1 11 

1 

0 

4- 





4 

+ 

0 





4 

0 

0 



Total no. of sera 

.242 




S7 

G4 

Total positive sera 

92 



t 1 



•Bach specimen was pooled from a group of mice vaccinated with tlie same antigen. 
tEach serum represents a group of normal mice. 


Table II 

Pertussis Slide Versus Tube Agglutination 
(Comparison of Agglutination Titers on the Slide and in tlie Tube) 


XO. OF 
SERA 

AGGLIJTI>'ATION TITER 

REM.VRKS 

SLIDE 1 

TUBE j 

11 


1:1,600-1:9,600 


6 

1:64 -l:2oG 

1:300 -1:2,400 j 


13 


1:50 -1:6,400 i 



1:5 -1:10 j 

1 :25 -1 :400 | 


10 1 

1:2 -1:4 


The agglutination titer is given 

9 

1:1 



14 

1:2 -1:S S 

0 

! that showed definite clumps 

14 

1:1 

0 


5 

n 

1:5 -1:37.5 



Total nuioDer posiuve, — 

on slide only. 28 sera ; positive on tube only, 5 sera. 
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eciitratcd I'ovin al 8 to 10° C. On the day oL‘ the test the anti-en wa.s dihiled 
to eontain ai)i)Voxiniately ‘2,r)U(l million bacilli pee inillilitee. 

The Tcid— The sera were tested in 1:10 to 1:1,000 dilution or higlier if 
necessary. To 0,1 ml. of tlie serum dilutions, 0.9 ml. of the antigen was 
added, and the tests were incubated in a water bath overnight at 52° to 50° (J. An 
antigen control in saline without serum, and an antigen titration ^Yith a positive 
serum were included in each test. Readings were made maeroseopically, using a 
constant light. The titer of the serum was recorded in terms of the highest dilu- 
tion that showed distinctly visible clumps. For the purpose of comparison with 
slide agglutination, a serum was recorded positive on tube agglutination when 
there was distinct agglutination in the 1 -.10 dilution of the serum. Doubtful or 
no agglutination in the 1 ;10 dilution when all the higher dilutions were negative 
was recorded as negative. 

We tested 342 sera for slide and tube agglutination. Among these were 
sera from persons who were vaccinated against i^ertussis ; from groups of mice 
that were immimized -with various pertussis antigens ; from persons with clinical 
pertussis; from persons with colds or eouglis, who were e.xposed to pertussis; 
from persons without illness some of whom had been exposed to pertussis; 
and from groups of normal mice. The results are summarized in Tables I 
and II. 

Table I shows that more positive results were obtained on slide than on 
tube agglutination with sera of persons who had clinical pertussis and those 
who were suspected of having pertussis, or were exposed to actual cases of this 
disease. Slide agglutuiation appears to be specific since no more positive results 
were obtained on the slide than on tube agglutination among persons who were 
not exposed to pertussis, although a large number of them liad coughs or head 
colds at the time of the test. 

Table II shows that the agglutination titers on the slide and in the tube 
did not run paraUel. On the whole however, all of the sera that had a hio-h 
titer on tube agglutination also had a fairly high titer on slide agglutination. 
Slide agglutination proved to be more sensitive than tube agglutination in 
detecting weakly positive sera as there were 28 sera positive on the slide and 
negative on tube agglutinations, as compared vdth 5 sera that gave a low titer 
of agglutination in the tube and were negative on the slide. 

COXCLXJSION 

1. The results obtained in this study have confirmed the findings of Evans 
and Jlaitland that more positives are obtained on slide than on tube agglutina- 
tion in detecting pertussis antibodies. 

2. We fmmd that an antigen that was preserved with merthiolate and 
stored at 8 to 10° C. had given equally good results as a live antigen that 
was recommended by Evans and Maitland, and it retained its a^olutinabilitv 

_ during the seven montlis’ period of this study. In all probaMity it wiU 
remain rmchanged for a much longer time. This antigen has the advantage 
over a live antigen in that it is always available and it eliminates the neeessitv 
of preparing and standardizing the antigen for each day’s test ^ 
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3. The rcsuKs obiiiiiied on .slide ai'ijliitination wore a.s .specific as on 
lube agglutination since no more pasitives were oblained on (he .slide than 
on tube agglutination witli .sez-a tToiu persons who had no eliziiczil .s.rmptonis 
of pertussis and zio history of exposure to pertussis. 

4. Slide agglutination has the advantage ovei’ tube agglutination in that 
the result may be obtained withiiz a few izziziiites, and with a carefully staucl- 
ai’dized antigen more positive results may be obtained with weakl 3 ' positive 
sera. 

5. Izz the testing of large ziumbers of sei'a, slide agglutination would be 
veiy helpful in eliminating ziegative or doubtfizl sera. The positive sera could 
then be titrated b^" tube agglutination if the exact titer of the seruizi is 
required. 

6. From present indications a positive result ozi slide agglutination may 
be taken as diagnostic of pertn.ssi.s izifection, AvJien there was no previous 
pertussis vaeeinatiozi azid izo vaccine therapj'. A ziegative result does not 
exclude pertussis infeetiozz sizzec a fairh' large nuznber of eliziicall.v tj'pical 
pertussis patients do not develop agglutinins izntil late in the disease or until 
convalescence. 

TecZinicaZ assistance in tliis study was given by Edna Lewis and Rutii Orange in carrying 
out tlie tube agglutination tests. 
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A SDIPLE DEVICE FOR THE PROTECTION OF TIIER^MOSTATS IN 

WATER BATHS® 


Rouiiirt' F1NKK1.STEIX, ^I.S., CiiicAco, Iiji. 


I N ^lANY elect vieiilly o])eViited watec l)atli.s, tlie thennostalic eoiiti'ol neces- 
sary to maintain a constant temperaitiire is exposed to the destructive action 
of mercury if the thermometer is l)rokcn. 



ilercury can rum a water hath heyond repair by attaekino the solder of 
joints m the bath and the metals in the thermostat. This can be avoided bv 
placing a small test tube around the bulb of the thermometer in such a man 
ner that the top of the tube is below the water level. The test tube can be 
adjusted to fit the type of water bath and thermometer as recpiired In the 
event of thermometer breakage, the mercury will fall into the test tube A 
simple clamp device that will hold the tube upright can be constructed denend 

...S v,po„ the typo „t tvato, tath. The ™m,ry therefore trill noreomet e« 
tact with metal connections. con- 
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THE ANTIFOGGING EFFECT OF SOAP ON EYEGLASSES AND 
DIAGNOSTIC MIKROES^ 


Louis Pelmer, M.D., Brooklyn, N. Y. 


T O ANY iihj^siciau wlio has had to operate wearing eyeglasses and a face 
mask, fogging or steaming of the glasses is a real hardship. The mask 
diverts the warm exhaled air along each side of the nose and causes it to con- 
dense on the cooler surfaces of the eyeglass lenses. Fogging results, and this 
makes it difficult for him to see through the lenses. 

Johnson^ discussed this problem in a short article and contributed a unique 
solution. He attached a piece of adhesive tape along the top of the mask and 
pasted this to the skin of the nose. This does not allow the warm air coming 
from the mouth and nose to be diverted toward the glasses. Other contrivances, 
such as metallic inserts along the top of the face mask and loosely fitting sacs 
covering the whole head, have also been tried, but these require special equipment. 

The present contribution concerns means of treating the glasses themselves 
so that the warm air cannot condense on their surfaces. It consists of challdng 
a few lines across the lens with a piece of soap, and then polishing the glass 
with soft paper or a handkerchief. A thin coating of soap remains on the sur- 
face which repels the condensation of the ivarm air. The visibility' is not 
decreased by this fine coating. 

The method is also applicable to laryngeal mirrors and other diagnostic 
mirrors that come in contact with warm, moist air. Other method.?, such as 
warming the mirror or coating it with saliva, are in use, but the simplicity’ of 
the present plan serves to recommend it. For diagnostic mirrors, I have found 
the antifogging effect of naphtha soap to be more effective than ordinary white 
soap. 

Realizing that a solution so simple could hardly’ be original, I referred to 
a book- published by Henley and Company, which contains among its 10,000 
formulas, one which prevents the “dimming” of eyeglasses and other glass- 
ware. The formula consists of adding a form of soap to glycerin and oil of 
turpentine. 

SUMJI.iRY 


Soap exerts an antifogging action on eyeglasses and diagnostic mirrors. 
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A SIMPLIFIED “DYOPHILE” DESICCATOR FOR SMALTj 
LABORATORIES’" 


L. Roval Gukistexsex.t AT:\v Yokk, N. Y. 


A NU3IBER of devices have been described*'" for the desiccation of biological 
materials from the frozen state by evaporation of the water nnder a high 
vacuuni, with subseciueut condensation of tlie vapor in a condenser held at a 
very low temperature. For this process, the term “lyophile” has been pro- 
posed.*' " These devices have been intended primarily for the processing of 
relatively large volumes, and as a consequence have a much greater capacity 
than is necessary for the handling of occasional small batches of material. 
Further, these devices are in general of a somewhat complicated design, necessi- 
tating the services of a machine shop and skilled workmen in their construction. 
It is the purpose of this paper to describe a modification of the lyophile ap- 
paratus, developed for use in a small laboratory, which possesses certain ad- 
vantages witli regard to convenience, adaptability, simplicity of construction, 
and inexpensiveness. 

Fig. 1 presents a diagram of the apparatus. A is the condensing unit, a 
1 liter, short neck, pyrex flask, fitted with a 34/45 standard taper grormd glass 
joint and a 3-way stopcock of large bore, C. 3, the connection between the 
condenser and the vessel containing the material to be dried, F, is made of 
pyrex tubing with an internal diameter of approximately % inch, bent at right 
angles at each end, and fitted with two 34/45 standard taper ground joints 
(inner part) as illustrated. The end fitting the condenser is extended beyond 
the ground joint to within V-fo, inches of the bottom of the flask. is a large 
metal can holding the freezing mixture of dry ice and 95 per cent alcohol; it in 
turn is held in a wooden box E surrounded by 2 inches of fine sawdust or other 
suitable insulating material. 

In use, a mixture of cracked dry ice and alcohol is placed in the metal 
container, and the condensing flask is immersed to thoroughly chill it. Five 
pounds of dry ice will operate the apparatus for six hours or more. The alcohol 
may be re-used (usually about six times) imtil it has absorbed enough water 
from the atmosphere so that ice crystals form in it when the dry ice is added 
The material to be dried is frozen around the interior of a suitable container 
by rotating the container and contents for a few moments in tlie dry ice-aleohol 
bath. The rate of drying is dependent in a large measure on tlie total surface 
area of the material to be dried, so that the layer of frozen material is made 
as thin as practical. The apparatus is then assembled as illustrated, the joints 
being made vacuum tight by means of a suitable sealing compound such as 
•’Lubri scal.” Evacuation of the apparatus is carried out by means of a Cenco 
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Hyvac ])ump, or its equivaieiit, attaeiied to llie tlirce-\s’ay stoproek during the 
entire period of desiccation. A McCleod gauge is not essential to determine t)ie 
degree of vacuum. In our e.vjierience tiie pump is operating satisfactorily if tlie 
valves make a sharp metallic click as they seat. It has not been found necessary 
to interpose a trap between the condenser and the pump to prevent water vapor 
from entering the pump, as suggested by .several workers.-' ^ In this labora- 
tory the oil in the pump is changed every four to six months, and ivliile it con- 
tains some water, it does not seem to afFeet materially the operation of the pump. 
In this connection, removal of the water and debris from the oil by centrifuga- 
tion in a Sbai'ples centrifuge rendei's it again fit for use. When desiccation of 
the material is complete, the vacuum is broken by turning the three-way cock, 
and the material is I'emoved from the desiceatoi'. 



By virtue of the standard taper joints it is possible to attach a wide variety 
of desiccation vessels to the apparatus. For desiccation of small volumes of 
material, a container made by sealing the open end of a 34/45 standard taper 
pju'ex ground joint (outer part) has proved very satisfactory (Fig. 1, F). 
The most generally useful desiccation vessel in this laboratory has been a small 
vacuum desiccator (140 mm. inside diameter) with a gi'ound joint in the lid 
fittin» the pyrex 34/45 gi'ound joint. It is not necessary to have this lid made 
to special order, since it was found after testing several sizes and makes of 
desiccators that several are made with a ground joint fitting perfectly witli the 
pyrex standard taper joint. Corning Glass Works also manufactui-e a large 
pyrex vacuum desiccator, which is eipupped with a 34/45 standard taper joint 
ill the lid In using either the small or large desiccator, the material to be 
dried is frozen around the sides of one or more beakers or other suitable con- 
tainers, placed in the desiccator, and the desiccator is attached to the condensing 

unit. 
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Evaporation oi‘ llic ^vater vapor proveeils at a suKicieutly rai)icl rate so that 
the malorial to be dried remains frozen during tlie entire period of desieeation. 
As shown by Greaves and Adair,' sul)liination of water vapor can be materially 
increased by raising the temperature, taking care, of course, to avoid melting the 
frozen material. In using a lla.sk as a desiccating ve.ssel, this warming may be 
accomplished by immersing the llask in a water bath at 30° to 40° C. At such 
temperatures the material will remain frozen if the pump is operating satis- 
factorily. The vacuum desiccators may be wrapped with rubber tubing held 
in place with adhesive tape. After a high vacuum has been attained, warm 
water may be circulated through this tubing. It is necessary to use a somewhat 
higher temperature here (40° to 50° C.), since the vacuum within the desiccator 
insulates the contents to a certain extent. It is impossible to give figures on the 
rate of drying, since this rate is dependent on so many factors: the material 
to be dried, surface area of tlic material, degree of vacuum, temperatiu'e of the 
desiccation vessel, and the like. However, when drying antisera, frozen around 
the sides of 600 ml. beakers, a rate of about 15 to 20 c.c. per hour was observed. 

The chief advantage of this modification of the Ijmphile apparatus is its 
versatility. In addition to the desiccation vessels mentioned, there are in use 
in this laboratory several sizes and shapes of flasks and a pyrex manifold for the 
desiccation of small amounts of material in tubes with subsequent sealing of 
the tubes under vacuum. Other advantages of this apparatus are its simplicity 
and economy. A moderately skilled glass blower should be able to construct 
it from standard items of pyrex glassware in a few houi’s, or the Corning Glass 
Works will manufacture the apparatus to specifications for a reasonable sum. 
By no means least of the advantages is the ease and simplicity of cleaning and 
removal of frozen water vapor. It is necessary merely to disconnect the con- 
denser from the connecting tube, thaw under the tap, and empty. This opera- 
tion may be performed rapidly enough so that the material in the desiccation 
vessel does not thaw. 

This apparatus has been used in this laboratory primarily for the desicca- 
tion of partially purified fibnnogen and prothrombin preparations to be used 
in the study of streptococcal fibrinolysin." The precipitated material, either 
fibrinogen or prothrombin, is dissolved in a small amount of water, frozen and 
dried. It has been found that desiccation in the lyophile apparatus instead of 
over pho.sphorous pentoxide, as originally recommended,^-® results in o-reater 
solubility, less denaturation, and greater stability of these materials. In addi- 
tion to fibrinogen and prothrombin, materials dried in this apparatus have 
included partially purified fibrinolysin, bacterial polysaccharides, cultures of 
various organisms, virus suspensions, plasma and serum, and various antisera 
Other possible uses include preservation of complement, typing sera, and soluble 
antigens. 
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SIMPLE :\IODIFICATION OP THE HANIIaE-GIBBS DROP RECORDER® 


W. II. Olsox axd H. Nechele.s, ]M.D., Ph.D. 
CmcAco, III. 


T he Hanike-Gibks iiistrumeiil lor recordijig clrop.s of .secretion applies tlie 
principle of di.splaeement of an elcctrolj’te solntion tvitli constant viscosity 
and conductivity. Tlic instrument reported by Gibbs’ in 1927 consists of 5 
different parts with a number of connections and does not lend itself easily 
to experiments in wliieli the rates of a number of different secretions must be 
measured at the same time. We have tlierefore modified tlie instrument, 
using the same principle. 

Fig. 1 is a diagram of the modified drop recorder. The upper part of two 
glass cylinders A and B is solidh’ connected by a glass tube C. The first 
cylinder A is empty and connected to the eannulated duct of an organ, the 
secretion of which is to be measured. Tlie second cylinder B is filled with a 
10 per cent solution of sodium citz’ate.f Tlie lower pole of this eydinder has a 
fine opening F through which a drop of the citrate solution is forced when a 
drop of secretion displaces air in the first cylinder. The falling citrate drop 
passes between platinum vdre K and the brass funnel L, fixed in a glass tube G 
to which slight constant xvater suction is applied so that the drop of citrate 
passes rapidly between the contacts. The drop closes the electric circuit tem- 
porarily wliile touching the two contacts, and the signal magnet is activated. 
The contacts are connected from binding posts H and J in series with 115 volts 
A.C. or D.C. and to a small recording signal magnet. A fuse is introduced 
into the circuit. Due to the constant suction the amount of current transmitted 
is small enough to permit the use of an ordinary 6-volt laboratoiy signal magnet. 
The instrument can be made in tlie laboratory at low cost. We have used 
it for more than two years and found it so reliable, easy’ to use, and maintain 
that we feel it would be useful to many other laboratories. The instrument 
must be protected from radiating heat which will expand the air and citrate 
solution in the two chambers. The instrument will work for many liours 
unsupervised. 
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Sly we have used instead a 3 per cent solution of commercial sulfunc acd, which is 
leapeV and whfoh keeps the contacts S and n clean. 
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Pig, 1. — Diagram of drop recorder. 

, . Q ,t£ter B ha.s been filled with the citrate solution to just 

Wo "tJ level oj'c.'clemp D is closed quicMy. During the process of Slling, 
some of the citrote solution escapes Ihroush P vvluch may be closed daring the 
sums, but vve have not fonnd that necessary. It nmy t.he then a !«• nannies 
beto pressure eqnUlbrinm is reach^ m the system ^^e have found ,t of 
advauta-e to put the drop recorder hclow the level of the canmdated duct of 
the animal, because a slight suction on the duct may prevent clogging or, m 
the case of lymph, clotting. 


804 


THE JOURXAE OR LABORATORY AND CIAXICAL JIEDICIXE 


We have ixsed a set of 4 instruments, as showm in Fig. 2, to vcconi simul- 
taneously salivary, pancreatic, biliary, and lymph secretion. 



Fig. 2. 


discussion 

We feel that, when a continuous quantitative record of the volume of a 
is wanted the displacement system should he employed in order to 
secietion . example, in the measurmg of the secretion 

obtain ^ concentrations of salts and of mucus usually change during 

of bile or saliva, ^ ^ ^ , 

by the secietion. reference 
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A SATISFACTORY TECHNIQUE FOR DELAYED TYPING 
OP THE PNEUMOCOCCUS® 


G. ^IcF. Mood, M.D., akd E. H. Fowler, ]\I.A. 
Charleston, S. C. 


W ITH the widespread immediate use of the sulfa drugs instead of serum in 
the treatment of pneumonia, the typing of the pneumococeus seems of 
little value exeept for case records. Laboratory directions always state that a 
sputum is best typed as soon as possible after collection Imcause of the early 
death of the pneumococcus and the overgrowth of contaminating bacteria. This 
work is presented to show that this is unnecessary except when “stat” t 3 'pings 
are desired. 

The suggested technique is based on the following work. Typings were run 
on more than 50 sputa of known type. Three generous smears were made on 
each of 6 glass slides and allowed to dr.v in the air. They were then wrapped 
in paper and stored, 3 at room temperature and 3 at icebox temperature. After 
intervals of twenty-four, fortj^-eight, and seventj'-two hours, and one, two, three, 
and four weeks, each type was tested for the quellung reaction in the ordinary 
manner. It was found that all slides .stored at either temperature for the varying 
lengtlis of time tjqDed just as well as the original specimen. A few slides tested 
after storage for ten months gave good quellung reactions. There was no ap- 
parent reduction in the number of swellings or the size of the swollen capsule. 
Group sera swelled stored preparations as well as the type sera. To check 
against high temperatures of the tropics several types when dried were stored 
at incubator temperature (37.5° C.) for one month. These still gave good 
swellings. All tjqjes have been tested except types IX, XI, XXVII, XXVIII, 
XXXI, and XXXII which were not encountered during the period when the 
work was being done. 

As a result of this work, it is suggested that exudates (with a few exceptions 
such as spinal fluids requiring centrifugation) immediately upon collection be 
smeared entirely across or at three locations on each of at least four clean slides 
and allowed to dry in the air. These may then be typed at one’s convenience in 
the usual manner. 

Smee this seems to prove that delayed typings are possible, several ad- 
vantages can be observed in the use of dried slides for t^-pings • 

1. Dry flelds are easier to examine microscopically since there is less motion 
present than in a moist smear. 

2. Drying on a slide keeps the organisms from deteriorating and con 
tamma tmg bacteria from overgrowing and destroying the pneumococci. 
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3. Dried slides can easily be mailed great distances for typing, and variance 
in time would not alter the results. 

4. Smears from the pharynx, especially in children, can be made immedi- 
ately and typed easih’’ by this method without the risk of the swab’s drjdng 
before it can be typed. 

5. The most important advantage from the teclinician’s standpoint is the 
lack of the necessity of “stat” work. 


TRYPSIN AS A DIGESTANT OP SPUTUJI AND OTHER BODY FLUIDS 
PRELiailNARY TO EXAillNATION FOR ACID-FAST BACILLI® 


Edith Haynes, Ph.D., Indian.vpolis, Ind. 


A NUilBER of methods have been used for the concentration of sputum pre- 
lunuiai'y to examination for acid-fast bacilli. Some of tliese fail to con- 
centrate the organisms adequately; others are time consuming; and some require 
special apparatus and delicate technique. Since 1933 we have used an aqueous 
solution of trypsin to digest such specimens as sputum, stomach washings, 
pleural and abdominal fluids, urine that contained mucus, and pus from ab- 
scesses, with satisfactory results. 

METHOD 

A 0.5 per cent trypsin solution is made by adding powdered trypsiiif 1 :250 
(Difeo) to sterile water. Mix by shaking, and add 0.7 per cent N/1 sodium 
hydroxide solution, which gives approximately pH 8.5. Since trypsin acts 
over a wide range of hydrogen-ion concentration, it is not absolutelj’ essential 
tliat the sodium hydroxide be added, but the trypsin is most active at pH S.O 
to 8.5. The trj^psin solution should be kept in the refrigerator or, better, filtered 
through a Seitz filter if it is not used shortly after it is prepared. 

1. An equal quantity of the trypsin solution, or more if the specimen is 
very thick, is added to the specimen in a bottle or large test tube, and mixed 
thoroughly, an applicator stick or glass rod being useful for this purpose. 

2. The specimen is then incubated at 37° C. for thirtj' minutes, or imtil the 
mucus is thoroughlj^ digested, which can be determined by drawing out the ap- 
plicator stick or by the sedimentation of the cells. Stirring after ten to fifteen 
minutes’ incubation may hasten the digestion. 

3. After digestion is complete, the specimen is centrifuged at 3,000 r.p.m. 
for five minutes, or at 1,500 r.p.m. for ten minutes. 

4. A loopful of the sediment is smeared on a glass slide, fixed as usual, and 
stained by the Ziehl-Neelsen method. ' If the smear is thin, methylene blue is 
used as a comiterstain; if it is thick, 1 per cent aqueous picric acid is used. 
The sediment is also satisfactory for examination by the fluorescence method. 

^om the Department of Clinical Laboratories. Indiana University Medical Center, Indian- 
apolis. 

tDitco Laboratories, Inc., Detroit. Mich. 

Received for publication, Ausrust 21. 1941. 
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i:XPKRntEXTAU DATA 

In order to compare the effectiveness of concentration of acid-fast bacilli in 
sputum by the trypsin method with the tlocculatiou method of Hanks ct al.,^ a 
series of specimens was examined l)y botli mctliods. Preliminary to digestion 
llie specimens were licated in an Arnold sterilizer for thirty minutes and cooled 
(this is done routinely in our laljoralory as a safety measure unless the speci- 
men is to be used for culture or guinea pig inoculation). The specimens were 
then divided as evenly as possible (we u.scd as much as 5 e.c. if the size of the 
specimen permitted) and jmt into 6 inch by % inch test tubes. The procedure 
of Hanks et al.^ for the concentration of tubercle bacilli and the trypsin method 
as outlined above were followed. Smears were made in a uniform manner, 
a 4 mm. loopful of the sediment being spread over an area 1.5 em. by 3.5 cm., 
and fixed and stained by the Ziehl-Neelsen method. The acid-fast bacilli in 
200 fields were counted, the number of fields being recorded as the bacilli were 
counted. Since the finding of a clump of bacilli does not increase the possi- 
bilities of finding the organism, each clump was counted as one. 

Of 100 specimens of .sputum which were positive by one or both methods, 
14 per cent were positive by the ti’ypsin method that w'cre negative by the 
flocculation technique and 3 per cent were negative by the trypsin method which 
were po.sitive by the flocculation technifiue. In 5 per cent of the specimens 
the same nvxmber of bacilli were found by both methods. In the remaining 95 
specimens more aeid-fast bacilli were found in 71.5 per cent of the trypsin- 
digested specimens, and in 30 per cent of these at least twice as many acid-fast 
bacilli were found in 200 fields by the trypsin technique as by the flocculation 
method, jilore acid-fast bacilli wez-e found in 28.4 per cent of the .specimens by 
the flocculation method, and 7 per cerrt of these had at least twice as many aeid- 
fast bacilli as were found by the tryp.sin method. 


DISCUSSION 


As the results show, 11 per cent more specimens were positive by the 
trypsin method than by the flocculation method. Also more acid-fast bacilli 
were found in 71.5 per cent of the trypsin-digested specimens in contrast to 
28.4 per cent of the specimens which showed more aeid-fast bacilli in the por- 
tion of the specimens eoneentrated by the flocculation method. This indicates 
that a specimen might he found po.sitive by both methods, but the bacilli would 
probably be found in le.ss time in smears made from the trypsin-dio-ested 
specimen. This is indicated further by the fact that 30 per cent of the smears 


made from the trypsin-digested specimen showed at least twice as many bacilli 
as the same specimen eoneentrated by the flocculation technique, while of those 
smears which gave a higher count by the flocculation method, only 7 per cent 
had at least twice as many of the bacilli as were found by the tiypsin method. 

Not only is there a reduction in the time required for e.xamination of smears 
over that required by some other methods, but the time neeessary to eariy 
out the procedure of digestion and concentration is reduced to a minimum 
The steps of the procedure are few and simple. No delicate or involved technique 
is necessary, and no special ajiparatus is required. Although sputa varv 
considerably in hydrogen-ion concentration (from pH 5.0 to pH 7 5) jj \ 
necessary to adjust each specimen to a certain hydrogen-ion concentration tinl 
trypsin is active over a wide range. 
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Sedimentation always seems to be veiy complete after thorough digestion 
of the mucus. The .specific gravity' is low (around 1.006 to 1.011), and tlic 
surface tension is such that it does not interfere witli complete sedimentation. 
Recentrifugation of the supernatant fluid from a few positive specimens gave 
very little or no sediment and no positive smears. 

Digestion of sputum which has been heated proceeds faster than that of 
unheated sputum if it contains considerable mucus. After heating, specimens 
may contain lumps of coagulated material, but these are soft and easily broken 
by means of a applieatoi’ stick or glass rod. 

Considerable sediment is obtained from trypsin-digested specimens as 
the other organisms and body cells present arc not digested. This we consider 
an advantage as the}’’ give a background which enables the technician to keep 
the field in focus more easily. Also any other organisms that may be of clinical 
importance, such as those of Vincent’s infection and fungi, may be seen. If 
the smear is thick, however, picric acid is preferred as a eounterstaiu, for 
methylene blue may stain so heavily that the acid-fast bacilli cannot be seen. 
If picric acid is used for the counter stain, a smear can be stained by another 
method for other organisms. Tlie sediment is usually creamy in consistency and 
spreads easily, and the smeai's stick well to the slide. 

The presence of phenol in specimens of sputum does not interfere with 
digestion by trypsin. Specimens in which unlnioum amounts of phenol were 
present have been digested noth trypsin solution with no difficulty. To one 
specimen an equal amount of 5 per cent phenol was added and to that mixture 
an equal amount of trypsin, giving 1.25 per cent of phenol. No inhibition of 
the enzymatic action was observed ; on the contraiy’, it seemed to be stimulated. 
It might be stated that trypsin has been used for the digestion of sputum 
specimens by the Indiana State Board of Health for the past three years, 
with satisfaction, all of the- specimens being collected in bottles which are from 
one-third to one-half full of 5 per cent phenol when issued from the laboratory. 

For the past eight years we have also used trypsin to digest specimens 
preliminary to culturing or guinea pig inoculation. Acid-fast bacilli treated 
as long as twenty-four hours with trypsin solutions are viable and will infect 
a guinea pig. After digestion of the specimen with trypsin the sediment is 
treated with oxalic acid to kill the other organisms present according to 
Corper’s method' for culture, or prepared for guinea pig inoculation. 

The trypsin powder is not sterile, and bacteria and higher fungi will grow 
in a solution of it, even at low temperatures. As these might prove a source 
of error, sterilization by filtering through a Seitz filter is recommended. How- 
ever we have found that unfiltered trypsin solution, if made with aseptic pre- 
cautions and kept in the refrigerator, Avill remain in good condition for a few 
days, but one must be alert to the possibUities of error Avhen using it. Also, if 
the solution is used immediately after preparation for the digestion of specimens 
for smears it is not necessary to filter it. To digest specimens for culturing or 
guinea pig inoculation, sterile trypsin solution should be used. 

Tr}q)sin powder is relatively inexpensive. The amount needed for the 
digestion of a specimen costs less than one cent, 
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tlN niPROYISED INVERTED illCROSCOPE^^ 


C. WoLF-sox, Lawrence, Kax. 


''THE inverted microscope has been employed in photomicrography,^-' in 
I tissue culture " and in micrurgy." Special advantages accrue from its em- 
ployment in these various fields, and in the field of micrurgy these advantages 
have been sufficient to warrant the appearance of a commercial instrument.-' 

A description is herein given of an improvised inverted microscope which 
possesses the advantages of being readily available and inexpensive, for, except 
for two small prisms, the instrument is assembled from (1) microscope parts 
commonly available in the laboratory and (2) a few special parts which can 
easily he fabricated. The microscope parts used in the assembly suffer no 
mutilation. The instrument is designed especially for employment in eon junc- 
tion with the Taylor micromanipulator,® but no difficulty should attach to its 
alteration for employment in conjunction with the Chambers mieromanipulator.® 
V\». 1 presents the essentials of the arrangement. The arm (A) and body 
tube iB-T) of a standard microscope are affixed to a cast-iron base (B). A 
prism-chamber (p-c) replaces the nosepicce, and supports the three standard 


♦From the Department of Anatomy, Dniversity ot Kansas- 
Received for publication, August 22, 1041. 
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objective lenses. A slnr(l.y uprij'lit {U), niomited on the b;i.se {B), .supports the 
condeiEser (6') and light source (L). A mechanical stage (8') is fixed to the 
base {B) and serves in turn as base for a thin upright (u) which supports, be- 
tween the condenser (C) and the objective, a eo\'erslip which serves as a 
“stage” (s). 



The following details concerning the various parts of the instrument arc 
pertinent (see Figs. 1 and 2) : 

1. The arm (J) and body tube (B-T) are taken from a model O'li Spencer microscope. 

£. The prism-chamber (p-c) is constructed of ^6 inch sheet aluminum. It is 3t4 inches 
long, and its internal cross section measures 1 square inch. It is screwed into the body tube 
(B-T) b}’ means of a threaded collar (tc), and is locked in proper position by means of a 
lock-nut (l-n). Two % inch holes are drilled in the roof of the prism-chamber (p-c), one 
concentric with the body tube (B-T) and the other concentric with the objective. Contained 
within the prism-chamber (p-c) are two right-angle prisms, as indicated in Fig. 2; these tit 
snugly into the chamber (p-c), and are held in position by means of screws (x) projecting 
through the floor of the chamber (p-c) and by plates n-hicli close its ends. The three ob- 
jectives are mounted on a brass plate (p), each threaded into a collar (c), and this plate (p) 
is movable in a line perpendicular to the length of the prism-chamber (p-c). The plate (p) 
moves between two guides (p, o'). 

3 A nicely-machined band (o') tits snugly about the collar (c) into which the objective 
is threaded and can be fixed by means of a set-screw. Each band (o') bears a small ma- 
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cliined (lepcosHion (not .-iiowu) wlii.-li, wlu-ii tliu (Ic^ired objeetivu is moved to center i)Osition, 
receives a spring-baeked pin (not sliown) projeetin^ forward from tlie rear guide {g’). By 
means of these adjustable bands (/•’), the objectives may be precisely centered. 


{. The upright (U) which supports the conden.-er (C) and light .source (L) is a yi/, 
inch length of =Ki inch .square bra.ss ro<l. A bia.-.s plate (//) fi.xed to it.s lower end serves for 
attachment to the base (/}); this plate (p') has .slotted screw-liole.s which allow for adjust- 
ment of position. A brass plate (p"), fixed to its upper en-h suj.port.s the condenser (C) ■ 
this plate (p”) i.s attached to the upright ({/) by means of ti centered screw so that the 
condenser (C) can be swung aside readily. ’ 


0 . The conden.scr (C) is an achromatie piece, of X.A. 
Spencer research microscope. The entire a.-.'.embly, including 
6. The light source (L) i.s an IS-volt toy train lamp. 
A.C. current, a variable rheostat being inserted in the line, 
jectivc case, in one end of which a frosted glass i.s mounted, 
the upright (t7) by means of an adjustable framework (F). 


l.H, as supplied for Model ij 
rack and pinion, is employed. 
It is energized with IlO-volt 
The lamp housing is an ob- 
This housing is supported on 



Pig. 2. * 


7. A Spencer attachable inechanicai stage is fivpU tr. 
front and left of the arm (A). Its attachmen[?s at rHit anl tTi/ 
so that the movement which is normaUy lateral is here “the froat bn W attachment, 

vertically from the front-back movement is the inch circular unnVl t ^ ®«ing 

centered extension in tlie form of a incli rod. A horizn t i n a 

this extension, and supports the eoverslip “stage” (s) ° projects centrally from 
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DESICCATED PLASMA FOR NATIONAL DEFENSE* 

JLvss Production jMethods Based on the Adtevac Process 

Joseph M. Hill, SI.D., and Ernest E. JIuikhead, il.D., Dallas, Tex.vs 

T he need of plasma in national defense is too urfjent for prolonged considera- 
tion of theories and speculations. Extensive clinical results and proved pro- 
duction methods of large capacity arc required to answer the following ques- 
tions ; 

1. In what form is plasma most suitable for defense needs and military use? 

2. Should plasma be administered in hypertonic, normal, or diluted form ? 

3. By what methods ean mass production be achieved? 

It is the purpose of this pajier to answer these questions in the light of the 
experience of the desiccated plasma service of the William Buchanan Blood, 
Plasma, and Serum Center of Baylor University. This service during the past 
twentj'-one monthst has separated the plasma from 1,191,000 c.c. of blood, and 
desiccated plasma has been made available in Dallas and vicinity to the same 
extent as ordinary intravenous fluids. As a result, the value of this type of 
plasma used in hj^pertonic solution has been pro\ ed in extensive clinical trial. 

On the basis of this experience the following answers to the three questions 
on use and preparation of plasma are given as follows : 

1. For military as well as civilian use plasma desiccated from the frozen 
state is the ideal type of plasma prepai-ation. 

2. It should be used in hypertonic form (four times concentrated) to realize 
maximum advantages. 

3. Mass production can be achieved with complete safety by the following 
principles: (a) Simplified collection, (b) Pooling whole bloods, (c) Separation 
of plasma by the continuous separator of the De Laval type, (d) Seitz filtration, 
(e) Bulk desiccation by the adtevac process, (f ) Granulation and packaging of 
maximum quantity in minimum space in ordinary vaccine vials by a sterile 
mechanical dispenser, (g) Use of sterile room for open or semi-oiien phases 
of above methods, and (h) Baeteriologic control of all steps. 

advantages of desiccated plasma 

Desiccation from the frozen state offers advantages in the storage, trans- 
portation, and use of plasma that ean scarcely be challenged. First, quality 

•From the William Buclianan Elooil, ria.siiia, ami Serum Center, Baylor University 

Colleere of Medicine, Dallas. , 

Bead before the American Human Serum Association, Cleveland, Ohio, June G. 1941. 

Eeceived for publication, September 2C, 1941. 
tUp to May, 1941- 
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solubility ami to ulimmale tbo i • ; . j desiccation from the frozen 

ccactions. The excellent P-en-a -n ^ ^ demonstrated by the 

.l„,c (suUlmalion dcaacaUoa ,,^7,.. ^ own clinic-al I'caulta.- For 

electrophoretic studies o > cu seconds rather than minutes, so 

„,Uitary ^ it i,c on tl.o 

station, in tl.o acnai a,„l,„lan«, or unJer wita.cvcr condi- 

tions encountered maintained in the Baylor service 

Such f f ‘ of the desiccated form over our 

and has pimved to dr the frozen state. Solubilities 

earlier ^“^-oO .Unds. In actual treatment of shodi, 25 Gm. of 

average fiom J - qa e c of water and administered intravenously, 
plasma have icon isso % e solubilities are maintained during storage, 

-on tt « -^^tnre contents „« 1 par cant and leas, 

Atottim- ad^LSagVlf'd^^ which has not been properly appreciated 

1 ^ f T 1 it? the flict that it will not support bacterial growth. In this 
lipeer^he piasma may be considered as any inert chemical powder. This 
property is of tremendous advantage for safety m use, for storage, and foi 

the statement of Blalock and Mason,’ a very definite advantage 
of reduced buUi is realized for desiccated plasma when packaged as described 
herein Bor example, we placed amounts of pla.sma and ivater in two 60 e.c 
V als which is equivalent to 200 e.c. of normal plasma. This becomes a real 
Idvakta-^e when the equipment for admini.stration is included as discussed below. 

The^use of desiccated plasma has been considered expensive* and freezing 
urouosed as an alternative method of preservation. From earlier extensive 
experience we have found that the routine preseiwation of plasma by freezing 
had many disadvantages which were eliminated by preservation in dry form. 
Lot temperature refrigeration is co.stly and may well exceed the small cost of 
desiccation When the extra safety and elimination of waste through spoiling 
or outdatin" are considered, desiccated plasma becomes definitely more eco- 
nomical Furthermore, the problem of fibrin precipitation during storage of 
liauid plasma or upon thawing of frozen plasma is largely eliminated by 
desiccation In the dry form fibrin precipitation is impossible and after re- 
solution there is no increased tendency toward fibrin formation. 

nVPERTOKIC PnASJIA, TIIE IDEAL. FORM FOR ADMINISTRATION 

One of the greatest advantages of desiccated plasma is that it provides the 
most lon’ical way to make concentrated plasma solution. The ideal form in 
which to give plasma, particularly for the treatment of shock, is the four times 
concentrated plasma immediately after redissolving in pjamgen-free water. 
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Numerous advantages, both teeliuical and Iheraimutie, realized by giving this 
hypertonic plasma are (1) increased simplicity and speed of administration witii 
a glass syringe replacing more complicated api)aratus, (2) elimination of tubing 
and the work of preparing it, (3) reduction of bulk and weight througli decrease 
in water carried, and (4) greater tiierapeutie effectiveness witli speedier re- 
sponse. 

Tlie technical advantages of administration of plasma in the hypertonic 
form as listed are obvious. Simplicity, safety, and speed attained by this 
technique are alwaj's important in the treatment of shock but are doubly so in 
military use. If plasma can be given in a shell hole, this is the way to do it. 
With a 50 or 100 c.c. glass syringe tlie Jiypertonic (four times concentrated) 
solution can be given as easily as 50 per cent glucose. 

Technical advantages are significant oidy if therapeutic effectiveness is 
assured. Bond and Wriglit'-* first demonstrated that concentrated serum Avas 
effective in the treatment of shock in dogs. Best and Solandt’" in a larger series 
also shoAA'ed concentrated serum to be cffecth’e in the treatment of traumatic and 
posthemorrhagic shock in dogs, but later Ilagladery, Solandt, and Best” denied 
any advantage of concentrated over Avholc serum. Clinical reports by Ravdui, 
Stengel, and Prushankin,*- Levinson, Kubovits, and Necheles,” and Struniia, 
Wagner, and jMonaghan” have dealt Avith isolated cases of hypoproteinemia 
treated Avith concentrated serum or plasma, but its routine use as a superior 
therapeutic Aveapon in the treatment of shock Avas first reported in 1940.^ 

No large clinical series had been reported until the papers of BroAATi and 
llollisou,” and Hill, Muirhead, AsliAvorth, and Tigcrtt,^ although preliminary 
summaries of comparatively large numbers of cases Avere given in our earlier 
papers. HoAvever, sublimation desiccation of plasma and its use in hypertonic 
form Avith emphasis on shock Avas practiced by the Baylor Plasma Service from 
its inception in August, 1939. 

The advantages Avhich Ave had at fu-st assumed on theoretical grounds have 
since been brought out in e.xtensive clinical trial. In Baylor Hospital alone 
concentrated plasma has been given to 276 patients. Of this number, 93 
closely folloAved eases of shock are summarized and the evidence for hypertonic 
plasma presented in another pajAer.^” The results hav'e confirmed our previously 
stated thesis^’ = that the use of concentrated plasma is the ideal treatment of 
shock. The shock cycle of Moon” is quickly broken by a rapid increase of blood 
volume due to AvithdraAval of interstitial AA-ater. This constitutes a physiologic 
correction of the pathologic change of shock. Due to the speed of administra- 
tion, this correction is effected in the shortest possible time. In addition, the 
extremely rapid increase in blood pi’essure of the average ease strongly suggests 
a direct stimulation of the vascular system Avith reduction of vascular capacity. 

In posthemorrhagic shock Avhere red cells haA^e not reached critical levels 
of oxygen carrying capacity, hypertonic plasma is superior to blood in its 
rapidity of action and instant availability. Where critical red cell levels have 
been reached, concentrated plasma is of utmost A'alue in combating shock dur- 
ing’’ the period of preparation and givmg of blood. For a discussion of this im- 
portant question reference should be made to an eaxliei papei. 
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"S “cscnbcd bclo. bos been p^^d j«.fccUy sate in nsc with 

iftponate bacterial cultui-e control must be observed in any system. Second, 
flitions for bacterial frrowth must be completely eliminated following separa- 
te stored before drying, it is kept frozen, but better 

vet is a balanced system where desiccation closely follows separation In either 
efen^ we have ahiys employed Seitz bacterial filtration immediately prior to 
desiccation as an additional safeguard not only against bacteiia but also pos- 
Sle p>n-o<^enic substances. Au important point m this comection is the use 
of filtS-cel * an infusorial earth preparation. This material is best mtroduced 
Sto some part of the system, such as the prefilter reservoir. It is sterilized with 
Z eauinment- when the plasma passes through the system, it is miNcd with 
the filter-cel and au even deposit forms over the surface of the Seitz disc. This 
f-oatinc^ -i-eatly increases the capacity of the filter. After desiccation, bacterial 
Growth is not supported and dryness is the greatest plasma safety factor. It can 
be handled in bulk with the same confidence as any other chemical or powder 
inert to bacterial growth, and it can be measured and placed m final containers 
with the same ease. It should, of course, be used immediately upon converting 
a<Tam into liquid form. Proper choice of unit sizes eliminates any need for 
brief stora-e as a liquid. Yet even here a safeguard is afforded by use in con- 
centrated solution since this form is bacteriostatic to a large degree to all com- 

It k o^vions that the period of storage of liquid blood is the only break in 
the use of these principles. Where such preservation is essential to blood bank- 
in" safety can be attained by a completely closed eoUeetion system and a short 
ner'iod of storage. In our own service with 400 bleedings per month it has been 
feasible to keep blood only four to five days before separation of plasma. Of 
course, in large scale bleeding for national defense no storage would be necessary 
if the' separator methods herein descrihed tvere adopted for the immediate 
separation of plasma. 

7x product of Johns-llanvllle Sales Corporation, New York, N. Y. 
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These principles liave been worked out iluring tJie past two years in actual 
large scale use and have ])roved to be safe by the fact that no serious harm has 
resulted from a single dose, and a febrile reaction rate of O.Tl per cent has 
been attained in 69-1 adniinisl rations at Baylor Hospital, Furthermore, no 
reactions have been reported from extensive outside use. 

The actual production methods, as shown in the American iiledical Associa- 
tion Scientific Exhibit,-" start with the bleeding teelinique. In our blood hank 
we have used a vacuum bottle collection technique. A rubber tube Avith two 
observation tubes and needles connected has been used. Vacuum is held during 
venipuncture bj' clamping a hemostat on tlie tube. Collapse of the tubing has 
in no Avay impeded ivithdraival of blood. Our special mechanical shaker has 
been replaced by the simple expedient, now common^' employed, of inverting 
the vacuum bottle during collection. By this inetJiod the blood is drawn directly 
into the citrate solution, resulting in immediate mixing. 

In bleeding for national defense we have suggested that defibrination might 
be ijreferable. Similar typea could be bled into large chilled containers and 
defibrinated by a rotary paddle. The fibrin could be removed by a centrifugal 
strainer, and the bloods quickly' pooled just before separation. Such methods 
have been standard in animal serum plants and should be considered seriously. 
Certainlj- the small liemoglobui content resulting from such methods must not 
be considered objectionable. We have given hemoglobin solution intravenously 
clinically up to 21 Gm. within fifteen minutes without reaction. 

The second step of our methods is plasma separation. Tavo Do Laval E-19 
separators have been operated in cascade, the first unit separating and the second 
clarifjdng the plasma. With this smallest aA’ailable motoi’-driven model, avo 
have separated 25 liters of pooled blood in thirty minutes, a rate of 50 liters per 
hour. A true plasma yield of 50 per cent Avas obtained consistently. Of course, 
such capacities at high yields cannot be approached by conventional bottle 
centi’ifuges or, in fact, by an.v other methods. Pui'thermore, separators are 
available Avith capacities up to 1,000 liters per hour. Labor costs are reduced, 
and such large capacities Avith efficient yields make this method the obvious 
choice for mass separation. These conclusions are based on the separation of 
778,280 e.c. of human blood by the continuous separator principle in four 
months. The pooling of Avhole blood prior to separation employed in our service 
since January, 1940, has many advantages. Typing is unnecessary, and large 
volumes are more easily handled. Bforeover, agglutinins are completely re- 
moved, and the resultant agglutination of the corpuscles by forming larger 
particles aids in efficient separation and higher yields. Proportioning different 
types of blood or letting the pool stand as reported by EdAvards, IGay, and 
Davie"^ is unnecessary, particularly Avith the large pools of 25 to 100 bottles 
which constitute part of our separation routine. We believe this removal of 
agglutinins resulting from pooling of bloods, as contrasted Avith the suppression 
resulting from pooling plasma of different types, is of the utmost importance. 
For example, Ave have never found it necessary to restrict the giving of Avhole 
blood after administration of large doses of our concentrated agglutinin-free 
plasma although Mahoney et al.“ indicate that caution is necessary in tlie 
giving of blood folloAving pooled plasma. 
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Disadvantages claimed for tins method'^ have not been eueouiitered during 
the eighteen months we have \iscd it as a routine. First, contrary to these 
claims, high rates of hemolysis have not been found. Jiy the method of Bing and 
Baker,'* hemoglobin has varied between 20 and 75 mg. per 100 e.e. of uneon- 
eentrated plasma. The hemoglobin eoneeutration has depended mainly on the 
age of the blood. We have discussed this (piestion of liemoglobin elsewhere'’ 
and believe that it is of no signilicanec whatever in the causation of reaction 
or other deleterious effects.-^ Indeed, the successful intravenous use of hemo- 
globin solution as a form of therapy rcdnccs to an al)surdity objections based 
on hemoglobin content. 

Second, the method is partially open although we have redesigned covers 
rftid spouts to minimize this. Nevertheless, positive cultures were obtained on 
only' three occasions, when the air was dusty during a two-day period from tear- 
ing down a nearby plaster wall. Since then, no contamination has been en- 
countered, but, as an additional precaution, the air in our centrifuge room is 
electrostatically' filtered. 

Since the separation of plasma is immediately' followed by Seitz filtration 
and desiccation, or freezing, filtration, and desiccation, bacterial contamination 
is no problem. We regard filtration of this type to be a safety factor of utmost 
importance as a final check against bacteria and pyrogenic substances. Since 
we have filtered the plasma from over 1,000,000 c.c. of blood, we cannot agree 
with Strumia and iJIcGraw* that plasma filtration by this method is .sufficiently 
inconvenient to be a valid objection to its use. Of course, precipitation of fibrin 
occurs, but it need not clog the filter if a filter of proper size is used and filter-cel 
added to the plasma to adsorb particulate matter, such as fat and fibrin. The 
decrease of fibrinogen content by filtration seems to be of no clinical importance. 

After filtration, the plasma is delivered from the collector into the large 
processing ampoules by a bell-protected tip. Desiccation from the frozen state 
in bulk by the adtevac process^ is then performed. This method utilizes the well- 
kno^vn fact that adsorbents, such as silica gel, have enormous capacities to take 
up water vapor. For efficient use in sublimation desiccation in vacuo, however 
control of adsorbent vapor pressure and maintenance of capacity' were reciuired 
These requirements, which had previously prevented the successful use of 
adsorption, were solved by the adtevac process. With maximum loads plasma 
moisture contents below the 1 per cent level set by Plosdorf and IMudd* were 
reached. With smaller loads moisture contents as low as 0.03 per cent as 
determined by the method of Plosdorf and Webster^'’' were reached 

The chief characteristics of the process which make it ideal for large volume 
plasma desiccation are as follows: “ 

1. It is not easily overloaded by initial rush of vapor in early phase. 

2. Kapid spontaneous freezing eliminates expensive and troublesome pre- 
freezing. ^ 

3. Temporary intcrruifi ions of electric current do not interfere with dryin- 

Thawing and spoiling of plasma are avoided. ^ 


4. Extreme rapidity of freezing and po.sitive maintenance of nlasmo 
frozen state give high quality product with unusual solubility. 


in 
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5. Keliability is assured by use of standard equipineut such as vacuum pump 
and ordinary small refrigez-ation unit for machine parts. 

6. There is economy of operation. 

7. The process is well adapted to any size capacity required. 

That desiccation from the frozen state need not be expensive has been amply 
demonstrated in the use of tlie adtevae process. Inefficient methods of separatmg 
and handling plasma on a large scale can easily increase labor cost more than 
the small power costs required for diying. 

Transference of plasma from bullc-processing containers to final luiifs is 
easily accomplished by a stainle.ss metal dispenser that can be sterilized as a unit 
in the autoclave. With ampoules such as n-e ha\'e used, a closed system during 
transference can be had by using a compression joint and a flexible bellows or 
tirbe, A rotary-driven ^vorm used in our first model granulated and forced the 
plasma through a small metal tip into the sterile vial standing on the pan of a 
torsion balance. The delii'ei’y tip was protected with a metal bell or hood. 
A later model uses a plunger type transfer mechanism. The plasma is consider- 
ably reduced in bulk during transference, and sohihility is increased by the 
gi'anulation. After sterile rubber caps liave been applied, a high vacuum is 
drawn through a needle and the whole top sealed. Deterioration of vacuum is 
prevented sealing the rubber cap with eelJoidin or sziitable plastic solution’. 
While we are constructing a dehumidified, air-conditioned, sterile room for our 
procedures, no difficulty' has been encountered with these methods in an ordinazy 
closed small room. 

These bottles of plasma, together with enough pyrogen-h’ee water to make 
the four times concentrate have been kept iu our emergency room, in the ob- 
stetrical bags, and in the central laboratory. They have also been mailed to 
distant points in and out of Texas, and they have been used without trouble. 
This diy form invariably lias been preferred to the frozen solution of concentrate 
which we had formerly used, dzie to greater availability and speed in preparing 
for use. 

SrailtARY AXD COXCLHSIOXS 

1. Mass production methods sxiitable for national defense needs and proved 
by extensive routine use are presented. 

2. The complete safety of these methods is reflected in a febrile reaction 
rate of 0.74 per cent. 

3. The use of serum separators and other partially open methods essential 
for volume output is safe under the conditions described. 

4. The advantages of. desiccated plasma prepared by the adtevae process are 
discussed. 
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the assay op heparin^ 


R. H. K. Foster, Ph.D., M.D., Nutley, N. J. 

A ^ave been described, 

tioned bricflj.. Jac,°«s'°„V ’chlS Some of these may be men- 

(1) a modification nf Hio TT n* three methocE, namely; 

tions are made on the d m<?t).od by diaries and Scott, ^ in which observa- 

vatyin/altts 0, ;L -7'™ l='ood eo.tamm, 

assa}-, also a modification off), rr ™*'iio\sn heparins; (2) a new thrombin 
is used to clot samples of *^1 ^ thrombin 

the standaed an? 3 ll™ CS “ ““"‘“T""" ''7”." amount of 

in which the clottiim time of cbiel-e, 1 ^ Fischer and Schmitz method® 
determined for virvino. ^ P iK^dition of thrombokinase E 

Chargaff® devised a method of unloiown and standard heparin. 

Schmitz but bavin- the time 

amounts of tpaidn, ivith varying 

eoagulin” of Fischer®) ° tRion of thromboldnase (the “muscle 

In a recent conimiuiicatioii, Schiitv® decovi’En . a.i_ i • 
whole blood is added to varving concentrationTof tt "" method m which rabbit’s 
solutions. The concentration of Peth • . " ^ standard and unknouTi heparin 

per cent. The comp^is l^eTfSl '' 

taining the standard and unknoivn are mov!d”? 

of the tubes. In the present method in which lie VT ^ matching 

tion of each successive tube is increased bv lintiir-'^ri - 

IVith tliE interval, the clotting ran-e niav'bp po P®^ 

standard and unlniown tubes are graded accordin- tT^ ^ 

later, instead of matching directly as in Schutz a^d otCZtSoT 

The purpose of this paper is not to present a comryi t i 
assay but rather to discuss a technique of comparin- 
^d unknown tubes employing a method already deseriS'brp' 
Winterstein.® Only certain minor modifications have a 

in order that a statistical procedure may be applied to the 
method consists in observing the degree of clot formaHon 17370 
containing heparinized eitrated beef plasma to which calciimi pEi 
added. The anticoagulating unit (a.e.u.) of Eeinert and Wm 
ingly defined as that amount of heparin which inhibits for fm,f. aeeord- 

of reealeilied eitrated beef plasma when kept at a temperature 
of these units equal one BesO or Charles and Scott unit or simifl J -m 

Unit-” (Femert and Wintersteiii;ako the author’s evaluation.) ^ 

♦From the Pharmacology Laboratorj-. Hoffmann-La Roche, Inc 
Received for publication. E’ovember 7 , 1341. 
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incttals olhcr tliim H'-it ” „a,lily available in 

cr::r:.i:rr 

samples can be run simullanemisl\ . 

Tabi.e I 

AMOUNT or HErAUiN IN AIickoguams to be Used in Each Tube 

(Eaoli iucremoiit = aiitilog 0.15) 


TUBE NO. 


.series 1 

SERIES 2 

SERIES 6 


0.71* 

1.00 

1.41 

2.00 

‘’.82 

0?78 

1.10 

1.55 

2.19 

3.10 

O.So 

1.20 

1.70 

2.39 

3.38 

0.92 

1.30 

1.84 

2.59 

3.6G 


twentieth of a niicrosiam is used. 

n,easu’rlu,e'J[u ‘to"-he'n%a"rest hundredU. of a nulUHter. 


Tills brings the volume 


T.\BI.E II 

Yqli'mes of Reagents Used in Series 1 


(Series 2, 3, and 4 are to be arranged similarly. The concentration of heparin is Sy/ml.) 



PLASMA (ml.) 1 

AMOUNT OF IIEP.ARIN | 

0.9% SALINE 
(ml.) 

each* (ml.) 

TUBE NO. 

y 

ML. 

1 

0 

3 

4 

5 

1 

1 

1 

1 

1 

0.7 

1.0 

1.4 

2.0 

2.8 

0.14 

0.20 

0.28 

0.40 

0.50 

0.00 

0.00 

0.52 

0.40 

0.24 

0.2 

0.2 

0.2 

0.2 

0.2 


•See text for concentration of calcium. 


procedure 

Fresb beef blood is collected at a slaughterhouse (or preferably from the 
livin- animal by venipuncture) in two 1-liter bottles, each containing 50 ml. of 4 
per cent sodium citrate solution. The blood is drami into each bottle until the 
500 ml. mark is reached. The mLxed blood thus contains 0.4 per cent sodium 
citrate. On arriving at the laboratory, the blood is centrifuged for thirty minutes 
at 2 000 r p.m. The supernatant plasma is placed in the reservoir of a 10 ml. 
Koch pipette. One milliliter portions are mea.sured into sulfuric aeid-dichromate- 
eleaned 12 by 100 mm. test tubes. To each tube are added appropriate amounts 
of heparin solution, 0.9 per cent saline, and calcium chloride solution so that the 
total volume is always exactly 2 ml. Five miUiliter Koch pipettes graduated to 
0.02 ml. are used for the latter solutions. The tubes are stoppered with snug- 
fitting corks paraffined only on the end (otherwise they tend to slip out) and 
inverted 2 or 3 times. They are then placed in a water bath at 37° C. and 
examined three hours later. 

The standard and unknown heparin solutions are each made up in 0.9 
per cent saline to contain 5 gammas of heparin per milliliter. In an assay there 
are 4 sets of 5 tubes eaeh for each sample. The weights of heparin used in these 
20 tubes are shown in Table I. Table II shows the arrangement of the 5 tubes of 
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tlie first series. For eouvcuieiice, ciuirts arc used giving tlic actual burette read- 
ings for lieparin and saline solutions for each series. 

As indicated in Table II, the volume of calcium solution is 0.2 ml. Since 
different plasmas vary, the amount of calcium reipiired varies and this amount 
must be determined on eacli ne\v plasma before the assay is run. To do this, 6 
tubes are set up, each containing 1 ml. of plasma, 2 gammas of standard heparin 
(0.4 ml.) and ealeiuiu chloride in the following amounts: O.S, 1.0, 1.25, 1.5, 2.0, 
and 2.5 mg. respectively. The total volume in each case is 2.0 ml. The concen- 
tration of calcium chloride giving nearest to a 2+ clot (see below) after thirty 
minutes is selected and used for the assay. Occasionally, a longer time than 
tliirtj^ minutes is necessary. If the time is more than si.x'ty minutes, the test must 
be repeated, possiblj* with higher caleium eoneentrations. From a stock solution 
of caleium chloride the assay solution is made so that the right amount of calcium 
is contained in 0.2 ml. 

In conducting an assay, the 5 tubes for Series 1 are prepared for the 
standard heparin and for each unknomi sample in succession. Series 2 is then 
similarly prepared and finally Series 3 and 4. In this way, any changes in the 
plasma due to standing have a minimum of influence on the results. As many 
as 6 unlaiowus can lie convouiently run simultaneously with the standard. 

READING THE TUBES 

The reading of the tubes involves the use of a clotting scale based on the 
proportion of the total possible clot formed in each tube. Complete clotting 
(usually with marked retraction) is called 4rf, and no clot formation is called 0. 
Intermediate values then are 2+, and 3-r. On a percentage basis, + = 25 per 
cent, 2-f- = 50 per cent, 3+ = 75 per cent, and 4-f- = 100 pei- cent. The 2+,or 
50 per cent clot formation lias been adopted as the end point for comparing the 
standard and unknown heparins. This corresponds to the ED50 (50 per cent 
effective dose) of the usual dose-effect curve. All values are computed to this 
Imsis. It is apparent that not all partial clots will correspond exactly to +, 
2+, or 3+, and that many clots will lie at intermediate values. Such intermediate 
values are designated by changes in the above symbols. For example, a clot 
which appears to be slightly heavier than 2+ is called 2+(+) or if slightly lighter, 
2+(_). A 3+(-) clot would be slightly heavier than a 2-(-(+). Also, a clot that 
is not quite complete is called 4rf(-), and a very small clot is 0(-f). Thus there 
are 13 classifications, vaiying (theoretically) by per cent. It is not con- 
sidered practical to attempt a finer classification under present conditions. 
Jacques and Charles' report: “At least four intermediate stages can be dis- 
tinguished, and with iJraetice, eight can be detected. ’ ’ This refers to whole blood, 
whereas, with plasma as in the present method, at least 11 intermediate stages 
can be ascertained 'with little difficulty. 

One maj'’ ask, “Why resoi't to a clotting scale based on values rather 
than one based directly on percentage, since the -i- values are nltimatel}’ con- 
verted into percentages?” The 3 principal -t- values are +, 2-f-, and 3-r, 'corre- 
sponding to 1/4, 1/^, and % clots. It is easier for the eye to read, for example, “a 
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hiilf clot plus ii little move” I2r( i )] than “58'/, pci- mil.” Li oilier words, Ihc 
clot, after tirst roU”U appraisal hy the eye, is graded more precisely by .sliifting 
the r value to oue side or the other of the main classification. K a graded series 
ot ••standard clots” could be prepared and photographed, the task of reading 
would be simplified and a percentage scale could be employed. The difficulty 
arises from the variation of clot characteristics from plasma to plasma. Kate 
of shrinkage, volume of clot, opacity, flocculation, and even color are the variable 
factors that meet the eye. For example, a 4-f clot may be shrunken to a small 
volniue or may show no retraction whatsoever at the time of reading. 
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Fis. 1. — Curves showing the relation between the concentration and the degree of clotting 
on logarithmic prohahility paper. Solid lines-. Best fitting straight lines for data on each set of 
tubes excepting Series 1 of the unknown. In this case, with only two points the dashed line 
is the best fitting line, while the solid line is the more-likely since it is more nearly parallel to 
the general slope. 


It is obvious that the unaided inspection of a single tube may not accurately 
classify it. What might be identified as 2+ at one time may be considered 
2-f(-) at another. Therefore, the standard series is read first as carefully as 
liossible, and the unknoivn tubes are then compared to these for gradin". The 
tubes are in no sense paired as in the Scliiitz method, although frequentlj- a tube 
from the unknown series may be observed to be identical with one of the standard 
tniics. Exact pairing facilitates the grading but is not necessarily the true end 
point. 

The clotting process, as here observed, is not an “all or none” response and 
therefore is subject in a greater degree to the error of personal interpretation 
In spite of this, it is believed that the end point here (defined as the formation 
of 50 per cent of the possible clot) can lead to a more accurate evaluation of 
anticoagulant activity than heretofore. 
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IXTEKPRETATIOX OE RESUET.S AXD GAECUf.ATTOX OF FOTEXGV 

After values liave been assigned to each elot, an estimation of the coueentra- 
tion of heparin corresponding to a 2-i- clot may be made by plotting the logarithms 
of the concentration of heparin against the probits of the graded clots or by 
plotting directly on logarithmic probability paper. The probits are determined 
by first converting the -f- values to i)ercentages and the latter into probits by 
means of Bliss’ table of probits.- The use of logarithmic probability paper has 
been the method of choice as it is more convenient and saves time. The data from 
a typical experiment are illustrated in Fig. 1. Tlie heavily ruled ordinates cor- 
respond to the eleven values (other than zero and 4 h ). They were drawn 
wdth India ink so as to remain as permanent imferenee lines while lightly 
penciled data could be rjuickly erased. There are usually 3 values that can be 
plotted (sometimes only 2 and sometimes 4), and the best fitting straight line 
is then drawn. (If the concentration intci-vals wei’C le.ss than antilog 0.15, more 
points would be available for plotting.) The “50 per cent dose” of heparm 
is indicated by the point at which this line crosses the 2-r ordinate. If onl,v two 
points are obtained, it may happen that a line drawn through them does not 
have the usual slope. In such a case (see dashed line, Pig. 1) it should be 
drawui nearly parallel to the average slopes and between the pouits rather than 
through them, giving greater weight to the point nearest the 50 per cent or 2-r 
line. Slope as well as position must always be considered. 

The calculation of potency may be made in a.e.u. (Reinert and IVinterstein 
units) or in “Toronto Units.” The follomng example is worked out in a.e.u. 
The standard contains 500 a.e.u./mg. (100 Toronto Units). If an estimation 
on one series shows the standard to have an equivalency' of 2.35 gammas for a 
2+ clot and tlie unlmomi 1.S2 gamma.s, then the potency of the unloiown is 
500 X 2.35 -r 1.S2 = 645 a.c.u/mg. This example, together with the other 3 
series, is illustrated in Table III. For a complete assay the entire procedure is 
repeated on another day with a diftereut sample of plasma. For the heparin 
assayed in Table III, tlie other four values ivere 600, 561, 622, and 614 a.e.u./mg- 
for the 4 series, respectively. Tlie average for all S results was 595 ± 12 
a.c.u./mg. 

DISCUSSION 

It may be asked if the relationship between the logarithms of the concentra- 
tion of heparm and the probits corresponding to the percentage clot formation 
is actually Imear or if it is a curved function. This cannot be answered with 
certainty at the moment, but in any event most of the data are randomly scattered 
about a straight line. When the majority of the data are not so scattered, the 
middle points are usually below the best fitting straight line and a curve drawn 
through them would have its convexity' doivnward. This curving is slight in 
most cases and is not believed to be significant, but in any event the concurrent 
use of a standard neutralizes any- such errors. Nevertheless, tests are under 
way to determine more accurately the exact nature of the dose-effect relationship. 

A feiv points coneeruiug the causes of error and variation in heparm assay-s 
may be briefly mentioned. There should be a minimmn of time elapsing between 
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sccvii’iu'^ the blood and oenlvi luring it. Cilnded beef plasma undergoes gradual 
cliangos on standing; therefore, a complete assay should be performed in the 
shortest space of time possible. In Table 111 it may be noted that the amount 
of heparin eovresponding to a 2+ clot tends to diminish from the first to the 
fourth scries. This apparent trend occurs a.s frequently in the opposite direc- 
tion so is probably not significant unless it can be attributed to some changing 
ehavaetevistie of the plasma. 

Table HI . 

EXAilPI.E OF THE ASS.W OF AN" Un’kxowx Uefaiun' Ag.ukst the Stakdaud 


STAXD.VKD IIF.FARIX 


ON'KXOWX llEl’.MnN 


AMOUNT OF 
HEP-UIIN 
(GAM.MA) 

UK-VmXG OF 
TUDb' 

amoukt of 

lIEFAItlN 

E.srntATKD KOI: 
2+ CLOT 

UEATilXG OF 

TUBE 

AMOUNT OF 
IIEI'AUIK 

i:hti>£ated for 
2-i- CLOT 

POTENCY OF 
UNKNOWN 

(a.c.u./.mo.) 

1 

0.7 

4+ 


4t 



1.0 

■u 


4+ 



1.4 

44- 

2.3.0 

■4+ 

1.S2 

G45 

2.0 

3+ 


+(+) 



2.S 

+ 


, +(-) 



O.S 

4+ 


44 



1.1 

4+ 


4+ 



l.G 

4+(-) 

2.22 

3-f 

l.SG 

.000 

0 0 

2+ 


+ 


i 

i.i 

0 (+) 


0 



O.So 

4+ 


4+ 



1.2 

4+ 


^(-) 



1.7 

3+ 

2.02 

2+(+) 

l.SS 

037 

2.4 

+ 


+ 



3.4 

0 (+) 


0 



0.0 

4h- 


44 



1.3 

2+(+) 


3+(+) 



1.8 

2+ 

1.90 

+ 

1.G2 

087 

2.G 

+ 


0 (+) 



3.7 

0 (+) 


0 




IVlieii the tubes are being filled, especially with the plasma, the rate of 
delivery must be absolutely uniform and not too rapid. Since plasma is a 
moderately viscous liquid, a eorusiderable amount adheres to the wall of the 
burette and drains slowly. 

After the tubes are placed into the water bath, they should not he agitated. 
Any preliminary examination should be avoided or at least made with great care. 

The volumes used are relatively small and a slight error in reading, even 
though no greater than the thicknes.s of a graduation mark, can result in ob- 
servable variation in the nature of the clot. 

Cleanliness of the tubes is e.ssential, the final cleaning being done with 
strong cleaning solution made of potassium dichromate and concentrated sulfuric- 
acid. After thorough wa.shing with tap and distilled water, the tubes are dried 
in an oven. If a In-ush is used in tlic preliminary cleaning before the acid 
scratching of tlie glass sliould I)e avoided. The lubes .should liave as uniform a 
bore as po.ssible. 

Assays conducted in this laljoraloi-y have heen on crude extracts as well as oi 
the purified products. The crude extracts have shown potencies averaging about 
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400 a.c.u. per milligram, whereas tlie final prodiiet has averaged about 525 a.c.i!. 
per milligram. This difference may not be tlie true difference in potencies 
since it has been pointed out by JacQues and Charles' that salts and other im- 
purities cause variations in the clotting process to sueli a degree that the true 
anticoagulant value, due to heparin, may be considerably different than the 
observed value. Nevertheless, the results on manj' samples liave been uniform 
within the bounds of reasonable eonsistene.v. Assays on 10 conseeutive crudes 
and on finished products are givep in Table IV, 

Table IV 

Assays ox Tex Successive Crude axd Pukieied Hepabix SAiiPLEs 

(Four tests made on each crude and 8 tests on each purified sample. Each group of 3 

tubes comprises a “test.”) 


crude hepaiu.v | 

1 PUniKlED 

iiEP.unx 

A.C.U./MG. 

SM 

A.C.U./ilG. : 

Sit 

119 

10 

595 

12 

■ilo 

5 

1 509 

10 

430 

9 

! 521 

14 

430 

11 

522 

13 

434 

S 

518 

10 

409 

11 

513 

' 11 

375 

15 

512 

7 

388 

10 

530 

11 

372 

13 

530 

7 

400 

9 

1 51S 

7 

Mean 408 

SD = 23.5 units 


Mean 527 

SD = 25.1 units 



a.c.u., anticoajgmlating unit ; Sm. ."standard error of tlie mean ; SD, standard deviation. 


There is probably no otiier biologic assay iu which greater care must he 
exercised to obtain consistent results. Tlte utmost in uniformity of manipulative 
procedure must be maintained at all times. This applies to the cleaning of the 
tubes and burettes as well as to exactness in measuring volumes, accuracy in 
preparing solutions, and the maintaining of constant time intervals for each 
step from start to finish. Surprisingly, liowever, the time of reading the tubes 
is of less importance than might be expected. It has frequently been observed 
that the majority of tubes show no observable change between two hours and 
four hours, the clotting curve apparently tending to level oft’ after one or two 
hours. Further growth of clots after two hours, when they did occur, were 
rarely greater than one degree on the clotting scale. For this reason, the observa- 
tion time of three hours Avas adopted as an average, and fifteen minutes one 
way or the other makes little difference. After twentj’-fonr hours very few addi- 
tional changes in clotting can be observed unless the tubes have been shaken. 

SUJLAIARX 

A technique has been described for determining the anticoagulant potency of 
heparin. The method consists in obserA'ing the degree of clot formation in 
recaleified citrated beef plasma to AAliieh varying amounts of heparin have been 
added. The degree of clotting is measured on a suitable clotting scale, after 
which the data in the form of the logarithms of the concentrations and the 
probits of the percentage clot formations are plotted to determine the “50 per 
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i;cul clot tin;.' i-oiiceiilriitioii.” Tin; iiolont-y of J5ii iiiskiiowii i)ri*piiralioii is esti- 
mated by eoinpariiij,' its ;")0 jier eenl dottio^ eoucentralion with that o£ a 
standard. An jissay is performed in several snndl series of tests so that a 
statistieal evaluation may be obtained. 
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A SniPLE CLINICAL .AIETPIOD FOR DETERMINING SULFONAMIDES 

IN BLOOD* 


A. Goth, M.D., Nashmlle, Tenn. 


I N THE Bratton-2Iai-.shall method for determining sulfonamide.s in blood one 
has a very accurate and satisfactory method which is simple enough for all 
familiar with laboratory teclinique. Thi.s is not very time consuming if one 
has a well-equipped laboratory at hand, but it requires the making up of several 
quantitative solutions and cannot be carried out at the bedside. In order to 
make the determination of sulfonamides in the blood possible for clinicians 
in private practice and for those in small hospitals, a simple kit has been de- 
vised in which the reagents are put up in tablet form, with the e.xeeption of a 
small bottle of acetone. 

The reagents are essentially the same as those in the Bratton-Marshall 
method with one major exception. Acetone is used for the precipitation of 
the blood proteins. After the blood has been shaken with acetone, the coa«m- 
lated proteins settle out very rapidly, leaving a clear supernatant fluid 'an 
aliquot of which can be used for the test. This avoids filtration and the neces 
sity of carrying funnels and filters and saves considerable time. As the triclilor 
acetic acid used by Bratton and Marshall is hygroscopic, it has been renlur-erl 
by oxalic acid in the reagent tablet. ^ 


Nashvlim.°‘" Pharmacologj-. Vanderbilt UniverHti- School 

Ileceivecl for publication, November 22, 1941. 


of Medicine, 
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As the cletemilialiou of tlie combined sulfonamides is rarely necessary in 
practice, the lest here described, which determines the free forms only, answers 
most of our clinical needs.* 

APPARATUS 

1. Pipette (1) 0.2 e.c. for measuring the blood. 

2. Test tubes (2) 100 In* 12 mm. marked at 1 c.e. and 3 e.c. 

3. Comparator block witli 6 color standards. 

REAGENTS 

1. Acetone. 

2. Tablet No. 1 containing 30 mg. of oxalic acid. 

3. Tablet No. 2 containing 1 mg. of sodium nitrite. „ 

4. Tablet No. 3 containing 5 mg. of ammonium sulfamate. 

5. Tablet No. 4 containing 1 mg. of N (1-naphthyl) cthjdencdiamine di- 
hydrochloride. 

In the preparation of the tablets, suer-osc can be used to increase the bulk. 
The size of the tablets should not exceed 30 mg. to avoid unnecessary tui’bidity 
of the solutions. 

t.\ble I 


AlIOUXT OF rilEXOLSULFHONPUTnALEIX 
(c.c.) 

AIIOU.NT OF SUI,F.V^•IL.\^rDE IXDICATED 
(MG. PER 100 C.C.) 

0.09 

o 

O.IS 

4 

0.27 

6 

0.42 

8 

0.60 

10 

fl.rr 

12 


PROCEDURE 


1. Deliver 0.2 c.c. of blood into a test tube. 

2. Add acetone to the 3 c.e. mark. Shako and let stand until clear (one 
to two minutes). 

3. Transfer clear liqirid into another test tube to the 1 c.c. mark. 

4. Add water to the 3 c.c. mark and shake. 

5. Add tablets No. 1 and No. 2, shake and let stand for three minutes. 

6. Add tablet No. 3, shake and let stand for one minute. 

7. Add tablet No. 4, shake, and after one minute compare with color 
standards. 

In the kit mentioned above a color chart is used but where this is unavail- 
able color standards may be made up as follows. 

Dissolve 10 mg. of phenolsulfonphthalein in 250 c.c. of N/10 solution of 
sodium hydroxide. To each of six 100 by 12 mm. test tubes add 5 c.e. of N/10 
sodium hydroxide solution and varying amounts of the phenolsulfonphthalein 


*The orepapii-tion of reagent tablets by request, the 

A S Aloe Company, St. Louis, ilo., is supplying these, together with a complete kit for carrying 

out this test. 
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solution :is imliealcil in Table I. T!ic le.sL lubea coiilaming Uio color standards 
should 1)0 scaled and protected from direct sunlight. They .should be renewed 
every six months. 

The same procedure and color standards can be used for the determination 
of sulfanilamide derivatives. 'LTie amount of drug indicated by the standards 
should be multiplied by certain factors, when sulfanilamide derivatives are de- 
termined. Thc.so factor.s are 1.37 for sulfajiyridinc, 1.42 for sulfathiazole, and 
1.45 for sulfadiazine. 



Fig, 1.- 


-Recoveries of sulfanilamide in 30 Wood samples. Comparison between the Bratton 
Marshall method and the present clinical method. ^ratton- 


In order to determine the accuracy of our method, 30 blood samples were 
analyzed with the Bratton-Marsliall method and Avith our technique. As in- 
dicated in Fig. 1, our recoveries follow closely the ones obtained by the Bratton- 
Jlarshall method. 




A simple clinical method for determining free sulfanilamide and deriva 
tives in the blood has been presented. All of the equipment required for tlio 
pineedure can be placed in a small kit, and the test ean be performed without 
laboratory facilities. 


BEPEBENCE 


1. Jr^ Con.ponent for Sulfauilainidc 




protheombin studies using eussell yipee venom* 

II. EllIiCT OF LfcITHIXIZED VeXOJI ox PROTI£I!0.^rBIX Clottixg Tnffi 

Robert C. Page, M.D, Edwix J. de Beer, Ph.D, and JIartha L. Okr, M.S. 

New York, N. Y. 

Ts™ .rjLf 

venom has been Pn nT\ ? f investigators.^- = More recently this 

determination of the pro^Chn elottog tinm.'-'’ '^"-"boldnase in the 

of leJithir''T«TaV\t^^ potentiated by the addition 

or lecithin, ' small quantities of tissue e.vtraet 

the property orinm-ltlig\hra^^^^^^^^^ f'?'” 

beings us n“ ^rviir’""" P-thromhin dotting times of 43 human 
(adding 0 . 0 l e.!Tf a 10 l-'T i"*"" 

centimeter of venom solution) !^%ht clotr'V?"^^”” ovolecithin to each cubic 
shorter and less scatteroO ti -i-i tunes with lecithinized venom were 

seconds Avith a sugo-estcd ran^e of time Avas eleven 

the dotting times rA-ere from tAvo fT"" ^^^^h venom alone 

defieiency, coagulation 'Ti- 

venom. They concluded that, if venom is usedTu o '" ^e«^thin to 

test, it must be fortified by the addition of lecithin " time 

In a later paper Hobson and Witts® statprt -d i, 
as a thromboldnase and accelerates the eoa-ulatiou f I'f " J 
presence of calcium and that the optimal concentration of tf 
the prothrombin dotting time test is 1 -^o 000 Tho ^ 
viper venom is used alone, the coagulation time may beTffet 
lipemia, the number of platelets in vivo, and in certain eh ^ hemoli^sis, 

and duration of centrifugalization, and that’thezp loo -l-a speed 

by the addition of lecithin to the ^enol -"^teneies are eliminated 

Crosbie and Scarborough* reported on coao-uHtion c+, u- 
viper venom alone and with venom plus a 10 per cent -iIp ll'^r ^"ssell 
^thin (B.P.O.t). Venom, in the absence of hemolysis 'and tvit^tt Cthi.f 

•From the Chemical Laboratory of the Deoartnipiit ne c.... ’ 

Surgeons. Columbia University and Presbyterian Hospita^l X ®w fS' Physicians anrt 

come & Co. (U. S. A.) E.xperimental Research Laboratories. Tuckaho4 Burrougjfs ■^VeU- 

Received for Diiblic-ation .Tniiiinva- o lojo ’ a- 


Received for publication. Januarj- 2. 1942. 
tThe British Pharmaceutical Codex. 1934, p. 757. 
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is :i more poleiit soutco, ol' tliroiiiliophistiii tliaii is liraiii extract. When Iccithiii- 
izcd venom was used, the coagidation times were shorlcr and the scatter wa.s 
reduced. 

Kdsall'“ has reported that the eoa^ulant action of Dalioia venom aiipears to 
lie exerted through an interaction with tissue extracts or willi tlie eepiialin con- 
tained in such extracts. Only a .slii,dil acceleration of coagidation -was oh.served 
on employing 4 mg, of lecithin, comparable to that obtained with 0.002 mg. of 
cephalin. This may properly be ascribed to the unavoidable residual contamina- 
tion of the lecithin with cephalin. 

METHOD OP STUDY 

Blood of patients in tlie hospital and of patient.s attending an outpatient 
clinic was obtained. Blood from patients, both with and without liver disease, 
was used. Four and one-half cubic centimeters of venous blood were drawn into 
a dry .syringe and mixed with 10 mg. of pota.ssium oxalate in a centrifuge tube. 
The blood was centrifuged at 1,500 r.p.m. for five minute.s, and the oxalated 
jilasma was drawn off. The test was performed within tivo hours after with- 
drawal of the blood, and, if hemolysis was present, the sample was discarded. The 
test was performed as follows : Two-tenths cubic centimeter of oxalated plasma 
was pipetted into a small test tube (75 by 10 mm.) and 0.2 c.c. of Russell viper 
venom,* 1:10,000 solution, was added. Calcium chloride solution (1.11 Gm. 
calcium chloride per 100 c.c.), 0.2 c.c., was then added, and the stop watch was 
started. The tube was agitated for ten to fifteen seconds in a water bath 
( 37 ° C.), then removed and tilted until separate discrete fibrin particles eould 
be seen. The first appearance of the fibrin particles was taken as the end point. 

Prothrombin clotting time was determined on the undiluted plasma 
(100 per cent) and on 40 per cent plasma, diluted with physiologic saline solu- 
tion. 

The test was repeated, using the same plasma but with lecithinized venom. 
A 10 per cent alcoholic solution of Iceithinf (egg) was used in the amount of 
0.05 c.c. per cubic centimeter of venom. Venom of the same batch was used in 
both of the series of tests using venom and lecithinized venom. Each test was 
performed in triplicate, and the average time was taken for the result. The 
prothrombin clotting time in normal persons, by this method, for the 100 per 
cent plasma, is 20.76 seconds while that for the 40 per cent plasma is 33.10 sec- 
onds.” 

RESULTS OF STUDY 

The routine use of venom and lecithinized venom was carried out on 30 
patients, and the resulting data on the 100 per cent plasma are outlined in 
Fig. 1 with the diagnosis of each patient. The complete data of the 100 per cent 
and 40 per cent plasma using venom and lecithinized venom are plotted in 
Fig. 2. 

In the undiluted plasma studies the .spread obtained noth venom alone was 
from fi fteen to thirty-four seconds, while with lecithinized venom it was from 

Ymk, n)“y!“'"' »>■ Bu.rough.s Wc-llcoinc- & Co.. I„c.. Xc-w 

fLccIthln (Merck). 
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lllirteeii to thirty seconds. In the iO per cent plasma studies the si)i’cacl obtainetl 
with venom alone was from twenty-seven to forty-seven seconds, wliile witli 
lecithinized venom it was from 17.5 to 3-i seconds. 


UZ3 


RusseJl ViperVenom* Russeil Viper Venom plus O.S^Lecilhin 


ObeJily. 

Chron icLymf>haticLeuKemia_j 
Obesity 
Obesity 

Obesity and hypertension _j 
Obesity 
Diabetes 
Obesity 
Obesity 
Cholecystitis 
Hypothyroidism 
Hypertension 

'':4tarrh«i ^ajpUice 

Leukemtd 
■y foHewn 
ol L'vep 
fi 

Portal Cirrhosis 
Cirrhosis 

Chronic UJceratlve CoJilisJ 
Amyloid Disease 

ffiihdry with 

lCenn>oA duct stone 

Carcinoma Gall Bladder 

CSrdiac decompcnMitiPn 
Hepdiome^dly 


i C^rarrhat 
.b^mpluitic Leukei 
IRecovery foHewmgameb'C 
\abc«»& ol L'vep 

{ Bdidry fi&luti wdA 

y> 


> 




E 

Undiaynosed C.I. heroorrhageJ 
Cirrhosis Liver 
Menorrhagia 
Hemorrhagic Sclera 
Acute Hepatitis 


Chronic Ulcerative CojiU: 

(puirfijm « lirve li*«r 
(Bleeding Gums 

Nonsuppurative Panniculitis 


ri 


1. 




10 

T IMF 


IN 


ZO 

seconds 


Fii 


, ■■ .-raph showing comparison between prothrombin clotting times obtained with 

” Bussell 'Idper venom alone and with Bussell viper venom plus 0.5 per cent lecithin. 


rascu.ssioN 

The addition of lecithin to Kussell viper vemm decreased the prothrombhi 
dotting time in every instance (Figs. 1 and 2). An estimation of the extent by 
which lecithin shortened tlie dotting time was obtained as iollows. The dotting 
times in which venom alone served as the thromboplastic substance were plotted 
amainst the corresponding times obtained with lecithinized venom and the erjna- 
timi for a straight line was calculated by the method of least squares. For un- 
diluted plasma this was found to be y == 6.74 + O.oo4x where y represents the 
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expected clotting time for lecitliinized venom and x represents tlic clotting time 
for venom alone. 

Using this eciuation, one may obtain an idea of Iio\v effectively lecithin may 
be expected to reduce the clotting time. Substituting a value of twenty seconds 
for X one finds that the corresponding y value is 16.8 seconds, or, in other word.s, 
the presence of lecithin has reduced tlic expected clotting time by 16 per cent. 
If a greater clotting time, tliirty-five seconds, is selected for x, the correspond- 
ing y value is 25.1 seconds and the reduction is 29 per cent. The percentage 
of reduction, therefore, is not constant but appears to be greater with prolonged 
clotting times. In the above discussion it must be borne in mind that the cal- 
culated values are the expected average values and the assumption was made 
that the data could be fitted by a straight line. 



Pig. 2.— Comparison between prothrombin clotting time tests done with Russell vinov 
venom alone and with venom plus 0.5 per cent lecithin on undiluted o.valated niasrna anu 
40 per cent oxalated plasma diluted with physiologic saline. ^ 


Certain prothrombin clotting times (Fig. 1) which would be classed as ab- 
normal ivith venom alone and presumably by Quick’s tesU would fall into the 
normal range when lecitliinized venom is used. For example, one patient mth 
dwarfism, large liver, and bleeding gums (Fig. 1) had a prothrombin elottino- 
time of 33.7 seconds with venom alone and 20.7 seconds with lecithinized venoin 
Another patient with hemorrhagic sclera (Fig. 1) had a prothrombin clottin-^ 
time of 30.4 seconds with venom alone and 17.5 seconds with lecithinized venom” 
A third patient with menorrhagia (Fig. 1) had a prothrombin clotting time of 
30.1 seconds with venom alone and 1S.3 seconds with lecithinized veLm In 
each of these three patients the prothrombin clotting time with venom alone was 
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prolonged, indicating protliroinbin deficiency, AvJiile with lecitliinized venom the 
prothrombin clotting time \va.s in the range ol! presnmiddy normal prothrombin 
times (with venom alone), i.e., 20.76 second-s ± 2.3 .seconds.” 

Lecitliinized venom may fail to reveal moderate grades of prothrombin 
defieiene.y and, therefore, it is desirable to perform the prothrombin clotting 
time determination with venom alone. However, the use of lecitliinized venom 
may irrove to be a valuable adjunct, especially wlien more information has been 
secured as to the reasons for the difterence between the prothrombin clottuig 
times obtained with venom alone and with lecitliinized venom. 


SUiniARV 

Prothrombin clotting time studies using a modified Quick’s method eni- 
plojdng Russell viper venom (Daboia venom) instead of brain e.vtract have been 
carried out on 30 human beings. 

Undiluted plasma ( 100 per cent) and 40 per cent plasma were used with 
venom alone and with venom which had been lecitliinized by adding 0.05 c.c. of a 
10 per cent alcoholic solution of lecithin (egg) to each cubic centimeter of venom. 

The addition of lecithin to the venom accelerated the prothrombin clotting 
time in each plasma studied. 

The percentage of reduction in the prothrombin clotting time is greater in 
plasma with prolonged clotting times than in plasma with rapid clotting times. 

The prothrombin clotting time determination using Russell viper venom 
should be performed with the venom alone, and it is suggested that lecithinized 
venom be used as a supplementary procedure. The use of venom alone may re- 
veal certain prothrombin deficiencies which are not evident when the venom 
is lecithinized. The use of lecitliinized venom in some cases may prove to he 
a valuable adjunct, especially when more information has been secured as to the 
reasons for the difference between the prothrombin clotting times obtained with 
venom alone and with lecithinized venom. 


We wish to express our appreciation for tlie cooperation of Di-. Louis Bauman in wliose 
laboratory tlii.s work was done. 
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OBTERMINATION OF TEYFSIN IN DUODENAL CONTENTS WITH 
THE EVELYN COLORBIETER 


T- TTiwnv HD.. .VND J. GkrsiioN'Cohen, H.D,, 

Rich.\.kd Kolm, il.D., H-vrr\ skay, 

D. Sc. (:Med.), Philadelphia, Ia. 


With the 


•; Technical As.sistance of Herman Siplet, A.B. 


rMPFERENT methods for the determination of trypsin in duodenaUontents 
D have been proposed. Some of them are based on the estimation of the 
nonprotein nitrogen in the protein-free filtrate after the dipstion of casein Mith 
the duodenal contents (HcClure*). Others determine the 
acids in the filtrate by the Soerensen titration method (Leubner-). HoUandei 
and Lneders* measure the time in which a certain quantity of ammo acids is 
formed in a gelatin solution. According to the law of Hedin, this time is n- 

versely proportional to the concentration of the enzjTne. 

Ason and Mirskj-= have developed a method for proteoljdie enzyme de- 
termination in which they use a hemoglobin solution as a protein substrate and 
after digestion determine the amount of those substances which give a blue coloi 
ndil VbLl reagent of Folin and Ciocalteu.* The quantity of these sub- 
stances formed during the incubation is a function of the enzyme concentration. 
BeazeU, Schmidt, Ivy, and Monoghan^ have adapted the pepsm method of An- 
son and Mirsky for the determination of pepsin in gastric juice. The trypsin 
method of Anson and Mirsky is likewise appHcable for clinical purpos^, and 
we shall describe the method as we have modified it for use with the Evelyn 

colornnete^^od^^ai are centrifuged and diluted with physiologic saline 

solution 1 -.50. The assay of the enzyme should be performed as soon as possible 
after eoUection of the test material. In any case it should not be kept overnight. 
It has been our experience that during twenty-four hours about 30 per cent of 
the tryptic activity is lost even if the drainage material is kept in the re- 


frigerator. 

PBEP-iVKATlON OF THE HEMOGLOBIN SUBSTRATE 

The hemoglobin solution contains 2 per cent denatured hemoglobin and 
is buffered at a pH of 7.5. The solution is prepared according to the method of 
Anson® Commercial products, such as Bactohemoglobin, give blank values 
which are too high, and therefore they should not he used. 


INCUBATION 

Five cubic centimeters of the hemoglobin solution are pipetted into test 
tubes The tubes are stoppered with rubber stoppers and placed in a water 
bath heated to 37.5° 0., for about fifteen minutes to bring the hemoglobin solu- 
tion to the right temperature. Then 1 c.c. of the diluted duodenal drainage is 

^rom the Medical Research Laborator>' Samuel S. Fels Fund, Philadelphia. 
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added in duplicate tubes. Tlie contents of tlie tubes are mixed thoroughly hy 
inverting several times. Then the tubes are replaced in the water bath. After 
fifteen minutes thej'' are removed, and 10 e.c. of a 5 per cent solution of 
trichloracetic acid are added from another test tube into which it had been 
measured previously. The solutions arc well mixed by pouring the contents hack 
and forth from one tube to the other several times. The stoppers are replaced 
and the tubes turned upside down repeatedly.® To get a clear filtrate, the tubes 
must stand for about fifteen minutes. The solutions are then filtered througli 
a Whatman filter No. 3. Three cubic centimeters of the filtrate are transferred 
into a colorimeter tube, and 20 c.e. of distilled wrnter are added. 


PREPARATION OF THE BLANKS 

Blanks are prepared to determine the amount of preformed color-giving 
substances in the duodenal contents and the hemoglobin solution. To 5 e.e. of 
the hemoglobin solution 10 c.c. of 5 per cent trichloracetic acid are added. The 
tubes are stoppered and well shaken. Then 1 c.e. of the diluted duodenal juice is 
added, and the tube contents arc thoroughly mi.xed. After fifteen minutes tlic 
solution is filtered. Tlie filtrate of the blanks is treated the .same way as the 
filtrate of the incubated .samples. 


PREPARATION OF THE ST.VNDARDS 

A stock solution of tju-osine is made by dissolving 15 mg. of tyrosine 
Pfanstiehl (which has been dried in vacuo over sulfuric acid) in 100 c.e. of water 
containing 0.5 per cent formalin. Before use the stock solution is diluted wth 
distilled water 1:10. To a coloi’imeter tube are added 15 e.c. of distilled water, 
5 c.c. of the diluted tyrosine solution, and 3 c.c. of 0.2 normal hydrochloric 
acid. The tyrosine stock solution can be kept for about two weeks in the re- 
frigerator without change in strength. 


DEVELOPJIENT OF THE COLOR 


To every colorimeter tube, including incubated samples, blanlis, and stand- 
ards, are added 1 c.c. of 3.85 normal sodium h3rdroxide and 1 c.e. of the phenol 
reagent (according to Folin and Ciocalteu).! The color reaches its maximum in- 
tensity in ten minutes and remains unchanged for a ten-minute period, during 
which the colorimeter readings should be made. 

For adjusting the galvanometer scale to 100 the following “reading blank” 
is used. Into a colorimeter tube are pipetted 20 c.c. of water, 3 e.e. of 0.2 nox’- 
raal hydrochloric acid, 1 c.c. of 3.85 normal sodium hj-droxide, and 1 c.c. of the 
phenol reagent, t 

After the galvanometer scale has been adjusted to 100, the reading blank is 
replaced b}' the standard tube, and its color value is determined. It is advisable 
to read standards with every group of unlmown samples as the phenol i-eagent 
is not absolutely stable and slight changes in it may occur. The Rubicon filter 
No. 660 is used. The calibration curve shows that this filter gives results hi ac- 
cordance with the logarithmic law of Lambert and Beer. After the color value 
of the standard has been determined, all incubated samples and blanixs are read. 


•In order to precipitate any of the material adhering to the stoppers. 
tThe tubes are stoppered and the contents are nnxed by mvers.on. 
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K 


CALCULATIONS OP THE RESULTS* 

K is the calibration constant; L is the pliotometric density 


0.075 • 

of the standard ; 0.075 is tlie tyro.sine content of the standard in milligrams. 
The quanity of tyrosine developed by 1 e.c. of the diluted sample is formed 
L li 16 

from the equation C = — — = x -5-. Lj is the average photometric density 

i.v o 

‘of the duplicate incubated samples. L, is the photometric density of the blank. 
16 

-g- refers to the dilution. 0 = milligrams of tyrosine per cubic centimeter of 
the diluted duodenal material. 


TRYI>SIN UNITS 

For our definition of a tryiisin unit ive have applied the definition which 
Beazell, Schmidt, Ivy, and Monoghan have given for a pepsin unit. Accordingly, 
one trypsin unit represents such tryptic activity which develops an equivalent of 
l.O mg. of tyrosine per minute under the conditions described. The results are 
expressed in trypsin units per 100 e.c. of duodenal material. For the conversion 
of the milligrams of tyrosine into trypsin units an activity curve ivas constructed 
in the following manner. Various dilutions of highly active duodenal contents 
were incubated with the hemoglobin solution ; the developed quantities of tyro- 
sine were plotted as ordinates, and the corresponding concentrations of the 
duodenal contents, as abscissae. Four such “activity curves" were then con- 
structed from four different duodenal contents ; in every curve the point in the 
abscissa corresponding to 0.15 mg. of tjTosine on the ordinate was marked to 
find the dilution of the duodenal content which con-esponds to Koo of ^ trypsin 
unit. From this the abscissa values were recalculated and expressed in trypsin 
units. The curves were thus reconstructed and brought into one coordinate 
system (Fig. 1). Fig. 2 represents the average curve of the four curves and 
can be used as a standard curve for converting the tyrosine values into trypsin 
units. IMultiplieation by 5,000 gives the trypsin units per 100 e.c. of the un- 
diluted duodenal material. 

The estimations performed in duplicates on 57 specimens show an average 
difference of 2.2 per cent between the duplicates. 

CONCLUSION 

A method has been described for the determination of tryptic activity in 
duodenal material by means of the Eveljm photoeolorimeter. 
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AN ADzlPTER FOR MICROCENTRIFUGE SHIELDS'^ 


Joseph C. Bock, Ch.E., Ph.D., Milwaukee, Wis. 


I N MICROANALYTICAL procedures the use of very small centrifuge tubes is 
not infrequently required. These tubes from 0.5 ml. to 3 ml. capacity must be 
suspended in correspondingly small holders called shields. We believe that the 
most commonly used type is the Cornell style, y^, inch outside diameter and 
about 21/4 inches long.f Even the smaller type centrifuges equipped with stand- 
ard heads will not support these small shields but require a special head, costing 
several dollars. The larger floor type centrifuges which are most commonly used 
in the laboratoiy require an additional adapter to attach the microhead to the 
shaft. 


RubW^i 

Tub? ^ 


Washer 



Shield 


vis. 1. 

A veiy simple adapter is described which permits the use of the micro- 
the ordinary head and shields for the 15 ml. centrifuge tubes 

waukeT'-”'" Biochemi^to-. Alar.uette University School o£ nemclne.’ Mil- 
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Fig. 1 illustrates the arrangement. An ordinary iron washer of % indi 
outside diameter is drilled out until the inieroshield can just be pushed through, 
a so-called sliding fit. After the washer has been pushed up until it touches the 
ring of the shield, it is held in place by a piece of heavy walled rubber tubing 
of %o ii^ch inside diameter and %■> inch wall. The pieces of tubing should be 
of exactly the same length for all of the shields used in order to equalize their 
weight. The rubber tube is slipped over a round piece of material, such as a 
dowel, is marked in inch lengths, and is cut with a rolling motion with a very 
sharp Imife. The washers must, of course, be of the same thicknc.ss and should 
be balanced before they are attached to the shields. Our shields with the adapter 
liave the same weight within a range of 0.2 Gm. 

SUJIJfARY 

An easily made adapter for mierocentrifuge shields is described. The 
changing of centrifuge heads is obviated. 


TflE DIRECT BIURET METHOD FOR THE DETER3IINATION OF 
SERUM PROTEINS AS APPLIED TO PHOTOELECTRIC 
AND VISUAL COLORIMETRY® 


George R. Kingsley, M.S., Philadelphia, P.\. 


F urther investigation of the direct biuret method for the determination 
of serum proteins has led to several important refinements of the original 
procedure.^ As modified, the method is more accurate, requires less time and 
fewer precautions than formerly, and is adaptable to visual as well as photo- 
electric eolorhnetry. An increase in concentration of the components of the 
Inuret reagent permits accurate determination of serum protein up to 11 per 
cent. The use of a ready-mixed biuret reagent prevents precipitation of protein 
or cupric hydroxide. Such precipitation may occur if strong sodium hydroxide 
and copper sulfate solutions are improperly mixed in the presence of protein. 
The formation of turbidity, at times a complicating factor in the original 
method, is delayed by the addition of ether to the reaction mixture. Develop- 
ment of the biuret color undei* these controlled conditions is rapid, and readings 
may be made immediately after ether extraction and centrifugation. The im- 
proved direct method requires onlj^ ten minutes for the determination of serum 
total protein and twenty to twenty-five minutes for a protein fractionation. 

reagents 

Biuret Reagent (TP) for Total Protein . — To 500 e.c. of 14 per cent sodium 
hydi-o-xide (“carbonate free”) in a pyrex bottle or flask, add 100 e.c. of 1 per 
cent copper sulfate (CuSO^.SHoO) solution and mix. Protect from dust and 
other contaminants. A rubber stopper may be used. 

’ ^rom the Division of BiochemistiT. Laboratories. Philadelphia General Hospital. Phila- 
Received for publication, Januarj -C, IJ*— 



KINGSLEY; DETERIIIXATIOX OF SEKUJI PROTEINS 


841 


Bilu-et Ucarjcnt (ALB) for Albumin.— 'lUo 300 c.c. o£ 23 per cent sodium 
hydroxide (••carboiuUe free”) in a pyrcx bottle or lUisk, add 100 e.c. of 1 per 
cent copper sulfate solution and mix. 

Ether. — U.S.P. grade i.s satisfactory. 

Bodium Chloride. — 0.9 per cent. 

Bodium Bulfiilc . — 23 per cent. 

BUtndurd Bertim (for Cedibration ). — Obtain 5 to 10 c.e. of a single or mixed 
specimen of normal serum free from cells and hemoIy.sis. Determine the pro- 
tein concentration in duplicate samples by the macro- or micro-K.ieldahl method. 
Let C represent grams per cent total protein. 

.METHOD FOR PHOTOELECTRIC COLORLMETUY 

Btondardizution . — ^Prepare stock standards in duplicate by measuruig 1 c.c. 
portions of the analyzed serum into 10 c.c. volumetric fla.sks and diluting to the 
mark M-ith 0.9 per cent sodium chloride, llix. Prepare in duplicate a series 
of dilute protein standards by adding varying amounts of the stock standard 
and 0.9 per cent .sodium chloride, as indicated in Table I, to 4 c.c. of the biuret 


T.msi.e I 


.STOCK ST.VXDAP.D 
(C.C.) 

0.9 xacl 

(c.c.) 

rl'.OTEIX EQUIV.U.EXT (C) 
(GM./lOO C.C.) 

0.1 

2.0 

O.IC 

0.2 

1.9 

0.2C 

0.5 

1.6 

0.5C 

0.7 

1.4 

0.70 

1.0 

1.1 

l.OC 

1.2 

0.9 

1.2C 

1.5 

0.6 

1.50 

Blank 

2.1 

0.0 


reagent (ALB) as prepared for albumin determinations. Add 2 c.e. of ether to 
each tube, stopper, shake vigorously for approximately ten seconds, eentrifime 
for five minutes at about 2,500 r.p.m., and read in a photoelectric colorimeter. 
The readings of standard solutions are plotted against concentration of protein 
represented by each standard. From the graph so obtained colorimetric read- 
ings can be converted into concentration of protein. As an alternative the con- 
centration of protein in an unknown serum can be calculated' by substituting 
the readings of the unknoivn and standard sera as obtained in the biuret total 
protein determination and the protein concentration of the standard in the 

equation X= (U - . X equals the grams of protein in 100 e.c. of 

the unknowm serum; U, the reading of the unknou-n; B, the reading of the blank- 
C, the grams of protein in 100 e.c. of the .standard .serum; and P, the reading 

of the standard serum. need be determined only once (in duplicate) for 

each standard serum and will remain constant unless mechanical or other ehan-es 
occur in the photoelectric colorimeter. The calibration should be verified neri- 
odieally with fre.sh standard serum. ^ 


Total Protein . — To exactly 6 c.e. of biuret 
colorimeter tube add 0.1 e.c. of fresh serum 


reagent (TP) in a photoelectric 
(free from cells and hemolysis) 
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with a inicropipette after ivipiiigf tlie outside of tlie piiiette. Eiiise the pipette 
three or more times with the biuret reagent. Add 2 c.c. of ether, stopper, shake 
vigorously for approximately ten seconds, remove the stopper, and immediately 
centrifuge at about 2,500 r.p.m. for five minutes. Read in a photoelectric 
colorimeter within ten minutes after centrifuging. A green filter transmitting 
light between 500 and 570 mp, with maximum transmission at 540 mp is satisfac- 
tory. The reading of the blank (Table I) is constant at 65-69 on tlie Klett- 
Summerson photoelectric colorimeter and needs to be determined only once for 
each new set of reagents. 

If the serum is clear and contains only traces of hemoglobin and no more 
than normal concentrations of other pigments, fairly accurate results are ob- 
tained without ether extraction and centrifugation if readings are made five 
minutes after the development of the biuret color. When ether is not used, care- 
fully mix the solutions by inverting; avoid shaking. 

Albumin .^ — Add 0.5 c.c. of senim to 7.5 c.c. of 23 per cent sodium sul- 
fate in a test tube (IS by 120 mm.) and mix thoroughly by inverting. Add 
about 3 c.c. of ether and shake vigorously for twenty to thirty seconds. Cap or 
stopper the tube and centrifuge five to ten minutes at about 2,200 r.p.m. After 
centrifugation, slant the tube so that the tightly packed globulin precipitate 
separates from the walls of the tube. Insert a pipette through the ether layer 
preferably along the lower wall, withdraw 2 e.c. of the albumin solution, add to 
4 c.c. of the biuret reagent (ALB) in a photoelectric colorimeter tube, and mix 
immediately. Then add 2 c.c. of ether and proceed as in the biuret method for 
total protein. Under certain conditions the use of ether may be omitted as stated 
above. To calculate the amount of albumin present, determine the protein 
equivalent of the reading by means of the graph or equation obtained by the 
standardization and multiply by 0.784. 

Globulin . — Total protein minus albimiin equals globulin. 

HIETHOD FOR VISU.VL COLORHIETRY 

Standard I . — Add 1 c.c. of standard serum of Imown protein content and 1 
c.c. of 0.9 per cent sodium chloride solution to 140 c.c. of biuret reagent (TP) 
and mix. 

Standard II . — Add 2 c.c. of standard serum to 140 c.c. of biuret reagent 
(TP) and proceed as for Standard 1. 

Standard III - — Add 3 c.c. of standai’d serum to 139 e.c. of biuret reagent 
(TP). These standards will keep at least one month if stored in a pyuex bottle 
in a refrigerator. 

For the determination of protein proceed as in the photoelectric method. 
Shake 6 c.c. of the standard biuret solutions with 2 c.c. of ether and centrifuge 
simultaneously with the imlcnowns. Remove sufficient colored solution from be- 
neath the ether layer by means of a pipette and compare in a colorimeter against 
both a higher and a lower standard at room temperature. Use a green filter 
(maximum transmission at 540 m/i) in the colorimeter eyepiece. If the reading 
is within 10 to 15 per cent of the reading of one standard, the comparison with 
the other standard may be omitted. 
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iA 
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iil- 
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where X is the protein concentration of 



Fig. 1.— Biuret color 


ntensity at increasing protein levels and the effect 
tions of copper sulfate and sodium hydroxide. 


of different concentra- 


DISCUSSION 

The biuret reaction mixture employed contains approximately 11.5 per 
cent sodium hydroxide and 0.16 per cent copper sulfate, concentrations that 
are considerably higher than those originally used.^ When copper sulfate is 
increased to this strength, the ratio of protein concentration to biuret color 
produced is linear up to 11 per cent protein as shoum in curve 1 (Fig. 1). 
Curve 2 represents the biuret color produced with the approximate concentra- 
tion of reagents originally used. Increase in sodium hj-droxide concentration 
also is nece'ssary to avoid the precipitation of cupric hydroxide, especially on 
standing. Concentrations of sodium hydroxide as high as 13 per cent can he 
used but 11.5 per cent was found to he sufficient for a stable reaction mixture. 
The presence of carbonate in the biuret reagent may cause precipitation with a 
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decrease in color. For (liis rea.son sodium hydvoxida solutions were prepared 
from clear TO to 75 per cent solutions wliicli liad stood until sodium carbonate 
liad separated. 

Fobinson and Hogdoir stated Dial in tlie direct biuret metliod' the solu- 
tions were not perfectly clear, a slraii'lit Hue relationship did not continue 
above 8 per cent jirotein, and re.suKs eoinparal)le to tlieir indirect method were 
obtained only by the most rigorous control of the time of I'cading; these objec- 
tions do not apply to the modified procetiure. Several of the time-consuming 
operations of the indirect melliod of Eobin.sou and Hogden arc avoided in the 
direct method since their iirocedurc requires ])reeipitation of protein with 
trichloracetic acid, the redissolving of protein ])rceipifate with sodium hydro-xide, 
and the removal of excess cui)rie hydroxide by centrifugation. 

When ether is used, careful control of time of reading is unnecessary as 
solutions remain clear for aliout twenty minutes after centrifugation. On longer 
standing turbidity does develoj), especially in some cholemic sera. However, 
if the solutions are again .shaken w’ifh ether and centrifuged, clear solutions are 
obtained with unchanged protein values even though the solutions have stood 
for several hours. 

The increased amount of copper employed results in a higher blank, and, at 
lower concentrations of protein, proportionately greater amounts of reagent un- 
eombined with protein are present. The greater part of the light absorption 
of the excess biuret reagent is removed by the 540 mg filter. Probablj’’ for this 
reason the 540 m^a filter has proved to be superior (in my experience) to the 560 
mg filter recommended by Robinson and Hogden. = However, if a visual colorim- 
eter is used, it is necessary to employ a series of standards representing approx- 
imately 3, 6, and 9 per cent protein. The greater ease of operation and ac- 
curacy of the photoelectric colorimetric method malces its use preferable. 

The 540 mg Klett-Summei-son filter ab.sorhs all significant color due to the 
presence of bilirubin up to 25 mg. pei- cent. When 50 mg. per cent of bilirubin, 
a concentration rarely encountered in serum, was added to a serum containing 
5.4 per cent protein, an apparent protein value of 5.5 per cent was obtained. 
Correction by means of a blank containing the added bilirubin and biuret 
reagent gave a value of 5.3 per cent; this indicates that the preparation of a 
blank to correct for the presence of bilirubin is unnecessary. 

Slight hemolysis can be tolemted, but excessive hemolysis may give rise to 
errors. Attempts to correct for excessive hemolysis by means of a blank con- 
taining serum diluted with saline have been unsuccessful. 

RESULTS 

Excellent agreement is shown by the biuret and Kjeldahl methods u'hen 
protein determinations are made on normal serum. The I’esults of protein frac- 
tionation by the biuret and Kjeldahl methods of blood serums of 6 normal women 
and 9 normal men are presented in Table II. Kjeldahl determinations were 
made on 1 c.c. samples of serum. Boi’ic acid was used in the distillation of the 
ammonia It is apparent that the accuracy of the biuret method does not differ 
significantly from that of the Kjeldahl method. In chronic liver disease dif- 
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fereuces averagiui? 0.5 Gin. have been olisei-vecl between the results ot serum total 
protein determinations by biuret and Kjeldabl methods.'' b urtlicr studies (to lie 
published) also have shown small differences in some other diseases. It is 
debatable, of course, whether such differences arc due to variation in total 
nitrogen, in biuret linkages, or both and consequently as to which mctliod is 
giving results most nearly indicative of the actual concentration of scrum protein. 

T.\ui.b II 

Dn-KEiiKN-eEs Between- Biuuet .\ni> Kjei.d.mii. Deteumin-.vi'ion'.s in’ Nop.-m.u, Pekson’s* 


DIEEEKEN’CE (K,IEM)AI[I, .MENUS 
BIUUET) 


vxrr. 

SEX 

T.l’. 

( gm . i*eu 
100 c . c .) 

AI.U. 

( GNt . I'EU 
100 C . C .) 

GLOB. 
( gM . I’ER 
100 C . C .) 

A/Q 

T.U. 

( gm . peu 
100 c . c .) 

ALB. 

( gm . peu 
100 c . c .) 

GLOB. 

(g.m. peu 
100 c . c .) 

a/g 

1/22/11 

F 

7.1 

1.5 

2.0 

1.7 

0.2 

0.0 

0.2 

-0.1 

1/22/11 

F 

7.2 

5.1 

1.8 

•l.u 

0.0 

0.1 

-0.1 

0.2 

5/16/11 

F 

().5 

1.7 

1.8 

2.6 

0.2 

-0.1 

0.3 

-0.2 

5/27/11 

F 

7.9 

5.2 

2.7 

1.9 

0.2 


0.2 

-0.1 

5/20/11 

F 

7.0 

5.1 

1.6 

3.1 

0.1 


0.1 

-0.2 

5/20/11 

F 

7.2 

1.1 

2.8 

1.0 

-0.1 


-0.1 


7/ 1/11 

M 

7.3 

5.5 

1.8 

3.1 

0.1 

-0.1 

0.2 

-0.1 

7/ 1/11 

M 

7.8 

5.2 

2 .C 

2.0 

0.0 


-0.2 

0.3 

7/ 1/11 

M ' 

8.3 ' 

5,9 

2.1 1 

2.5 

0.0 


0.0 

■Wf 

7/ 8/11 

M 

7.3 

5.0 

1.7 

3.3 

0.1 

0.1 

0.0 

0.1 

7/ 8/11 

M 

7.6 

5.8 

1.8 

3.2 

0.0 

0.0 

0.0 


7/ 8/11 

lit 


5.5 

1.5 

3.7 

-0.2 

-0.1 

-0.1 

0.2 

7/11/11 

M 

8.1 

5.8 

2.3 

2.5 

-0.2 

-0.1 

-0.1 

0.1 

1/22/11 

M 

7.2 

5.1 

2.1 

2.1 

0.1 

0.0 

0.1 

-0.1 

9/16/11 

il 

6.9 

5.2 

1.7 

3.1 

0.1 

-0.1 

0.2 

-0.1 

Mean 

Standard er- 
ror 



5.28 

±0.023 

2.08 

+0.011 

2.00 

±0.051 

0.01 

0.00 

0.05 



•Three to four hours after hreakfast. 


SUJIMARY 


The direct biuret method for the determination of serum total protein and 
albumin has been modified and improved. Rapid and accurate determinations 
of serum proteins up to 11 Gm. per 100 c.c. in 0.1 c.c. samples of serum can be 
made by the new method. Application of the method to visual and photoelectric 
colorimetry is outlined. 


I am indehteil to Dr. John G. Reinhold, of the Division of Biochemistry, for sugBe.stion.s 
and criticism. 


REFERENCES 


1. Kingsley, G. E.: The Determination of Serum Total Protein, Albumin and Globulin 

by the Biuret Eeaction, J. Biol. Chera. 131: 197, 1939. v 

2. Eobinson, H. W., and Hogden, C. G.: The Biuret Eeaction in the Determination of 

Serum Proteins, J. Biol. Chem. 135: 707, 727, 1910. 

3. Kingsley, G. E.: A Eapid Method for the Separation of Serum Albumin and Globulin 

J. Biol. Chem. 133: 731, 1910. ’ 

1. Goudsmit, A., Jr.: On the Origin of Drinary Creatinine, J. Biol. Chem. 115: 613 1936 

5. Meeker, Edward W., and Wagner, E. C.: Titration of Ammonia in the Presence of BnnV 

Acid, Indust. & Engin. Chem., Anal. Ed. 5: 396, 1933. 

6. Kingsley, G. E.: Differences Between Biuret and Kjeldahl Methods for Serum Protein 

Determinations in Chronic Liver Disease, J. Biol. Chem. 110: Isis 1911 

7. Karr, W. G., Eeinliold, J. G., and Chornoek, P. W.: Manual of Cliical Biochemistrv 

Part I. Methods, Philadelphia, 1910, Sterenson Brothers. nustry. 



















medical illustration 

■' 01' EXPOSURE TIIIE 

IN PHOl OMICRO GJLVPii Y® 
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Baltimore, ^Id. 


Tment often enough to become evpert in its ^ P^iotograpiiic equip- 

tion of mechanical devices that increase his simple appliea- 

micrography gives rise to problems th J 

amount of light that reaches the nh t concerned with the 

photographed varies in the intensitv plate. If the specimen being 

tinchness, as in supravit^ S areas and also in 

determine by visual inspectLf it to 

same specimen. With sufficient evnl ^elds even in the 

posm-etmm, but several photogrlphs arrX"”" "-^- 

time before satisfactory results are obtained determine tlie correct 

necessary %vaste of time and materials ^ Icequently causes an un- 

The technicpie to be described uses stimVuA 
manner. A photoelectric cell (Pio j a> ' , equipment in a rather simple 

camera having a fixed bellows (Pi? i m T ^ ™de end of a smaU 

tubmg (Pig. 1 c) about one-half inch Ion- thatntfp7 consisted of 

barrel in place of the ocular. The nhot?Jp i into the microscope 

posm-e „,e,er (Pi,. 2), Ho r.c„,d tho ^nZtl.n, T V’" ““““ •» »” 
the microscope. ^ Pig. 3 shows the complete eliip^lt ti’ansmitted through 
In using this equipment the field to Iip ■, \ . 

focused. The microscope ocular is then removed carefuUy 

put in Its place. A light reading is taken on fhp Photoelectric cell is 

electric cell is replaced by the camera, and the 
the first exposure is guessed. With the same se 1'" 
longer exposures of the same specimen are made th shorter and 

figured in geometric progression. To economize o’n 

and tim e, the trial exposure method,^ in wliieh sever 1 ^ °^°&^’aphie material 
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one plate, may be used, lii tins way one eventually arrives at tlie correct 
c.xposure for a given reading on the exposure meter. This procedure is repeated 
for different meter readings. 


Elg. 1. — Photoelectric cell mounted on camera bellows. A, Photoelectric cell- i> 

C, adapter for microscope tube. 


camera; 




Fig. 2. — ^Exposure meter. 


We used the foregoing method to establish a workable eurve (Fia 4^ wbmh 
would suit our partieular purpose. After several sueeessful 
made „ill. dlftei-ent of light, ™ plotted cm 

meter units as the abseissa and the time of exposure as the ordinate” Then 
drew a rough eurve and joined these points. In order to ^dd inta i- 
to our eurve and at tlie same time prove its validity, several ad^tional^ 
along Its eourse were tested. Good negatives were obtained by Lng the Sr 
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readings and exposure times iviiieli fell on the curve. Negatives whicli were not 
made with the amount of light, and exposure time indicated tlie curve were 
either overexposed or undei-exposed. 

The curve obtained in Fig. 4 resulted when Wratten i\r plates and D-76c 
developer were used. Different t 3 'pes of plates would uaturallj' give different 
curves. * 


1 i 



Tig. 3. — Complete eauipm'eiit assembled Tvith microscope. 


Although the curve was eonstfucted 'ehieflj- from low-power pliotoiuiero- 
graphs (xlOO to x200), it was tested for higher systems of lenses, including oil 
immersion, and found to be equally useful. Satisfactory pictures were obtained, 
regardless of specimen, tliielmess of section, stain, or magnification. The only 
requirement to be observed rigidly is that the exposure time be varied according 
to the e.xposure meter reading. The meter reading itself can be adjusted by 
changing the aperture of the diaphragm on the substage condenser, or in the 
light source if one is available there. This technique permits one to keep the 
intensity of light within the range of the curve that is most convenient for 
the exposure time units permitted by the mechanism of the camera shutter. 

In Fig. 5 the application of the curve in Fig. 4 is illustrated. Extreme dif- 
ferences in light intensity and in magnification are shown in the four photo- 
o-raphs. In A the amount of light emplo 3 md was small, only 2 meter units, and 
tiie e-xposure time, as determined by the curve, was relatively long, one second. 
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In B the conditions were reversed, for the liglit meter reading was 55 and the 
exposure time was second. In C the magnification was low, xlOO, llic light 
intensity was 15 units, and exposure time was second; in D the magnification 
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Fig. I.— Graph showing relation of exposure meter units to exposure time. 

was x900, with the light intensity and exposure time the same as in C. The 
development and printing technieiues were comparable in all instances. Slight 
variations in the depth of the final print, as in A and B, may be adjusted to smit 
one ’s particular purpose during the printing process. 
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When filters that exclude much of tlie available light are used, the equipment 
may not be sensitive enougli to register the amount of light reaching the photo- 
electric cell. In such instances it was found advantageous to take e.xposure 
meter readings without the filters and to make trial exposures for determining 
the time with the filters in place. The correct exposure time was naturally much 
greater for any light meter reading than that recorded in Fig. 4, because the 
photographs were actually taken with much less light than that used for de- 
termining the exposure meter reading. A ivorkable curve, similar to that in 
Fig. 4, was made for such low light intensities and long exposures. 



Fig, 5. — Sample photographs obtained by means of the grapli illustrated in Fig. 1. The 
developing and printing processes were tlie same in each instance. .1, llammarv gland anlage 
of treated pouch-young: opossum. XlOO. 33xposure meter reading:, 2 units; exposure time. 
1 second. B, Sanie as in XIOO. ^ Exposure meter reading, 55 units; exposure time, 
second. O. Anterior lobe or hypophysis of guinea pig, XIOO. &posure meter reading, 15 .units; 
exposure time, 3/10 second, x?. Same as C, XOOO. Exposure meter reading, 15 units; exposure 
time, 3/10 second. 


SmiSXARY 

A simple method for determining the exposure time in photomicrogi'apliy 
by the use of a photoelectric cell and exposure meter is described. 

We wish to express our appreciation to Professor Eduard Uhlenhuth for his interest and 
advice in working out this problem. AVe wish to give full credit to Doctors Kajwond K. 
Thompson and Glenn H. Algire, who adapted the photoelectric cell as described in this paper. 

BEPEBENCE 

1 Photomicrograpliy, An Introduction to Photography With the Microscope, ed. 13, Rochester, 
1935, N. Y., Eastman Kodak Company. 
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PEBTUSSIS, a Note on tie Cultivation o£ Hemophilus, Anderson P. M. il. J, Australia 

2: 224, 1941 

Flexible copper mre, gauge 19, was used in lengths of 15 cm., and on one end a tiny 
loop was made and dressed with a thin layer of cotton wool. These swabs were sterilized 
in tubes and were then ready for use. For the taking of tlie swab the child was seated on 
its mother’s lap and the head was extended firmly against her shoulder. The manipulator 
bent over the child and passed the wire along the wider anterior nares into the post-nasal 
space. A side-to-side movement was then imparted to the swab, and the finger could feel 
the tip passing over the posterior pharyngeal wall. It was then quickly withdrawn, the end 
of the swab being depressed slightly and describing an arc. The wire was usually found to 
have taken on a curved shape. 

Swabs were taken from children as young as 3 months old, and no difficulty was 
encountered; toddlers and older children occasionally coughed, but no failures occurred. 
The swabs were rubbed onto Bordet-Gengou medium containing 15 per cent of horse blood 
and incubated for four days, and a satisfactory proportion of positive cultures was 
obtained. 


McCLITEE-AIiDEICH TEST. A Clinical Study and Evaluation, lacbtenburg, N. H. 

A. J. Dis. Child. 62: 743, 1941. 

Thirty-three newborn infants given the HcClure-Aldrich test on the first day of life and 
59 infants tested after the “physiologic weight loss’’ was corrected had an average saUno 
absorption time of 10.4 minutes. 

Seventy normal newborn infants who were given no supplementary fluids and were 
tested at the time of greatest “physiologic weight loss’’ had an average saline absorption 
time of 26.3 minutes, two and a half times as long as that of the control groups. 

Twelve normal newborn infants who had an average saline absorption time of 9.9 
minutes on the first day of life showed an increase of absorption time to an average of 
20.8 minutes on the third and fourth days, when the weight loss was maximum. The 
absorption time returned to an average level of 12.7 minutes on the day of discharge when 
the weight loss and the state of hydration were, in part at least, corrected. 

There was no difference between the absorption times of physiologic solution of sodium 
chloride and a solution of twice that concentration. Normal potassium chloride solution 

however, was absorbed more than twice as quickly as physiologic solution of sodium chloride! 

The McClure- Aldrich test is valuable in determining and following up the state of hydra! 
tion of the body tissues. The absorption time depends, however, on the state of hydration 
at the site at which the test is performed and the mechanical ease of diffusibility of the 
injected saline solution into the intercellular spaces of the skin. It may be true that edema 
is a result of local or generalized toxicity and anoxemia and represents an attempt by 
the body to dilute the toxins. The result of the McClure-Aldrich test, however may be 
regarded as indicative only of the extent and intensity of the edema, regardless of 'its cause 
It may be a mea.sure of tissue toxicity but only so far as, and when, the toxicity dirertlv 

parallels the local edema. ^ ^ 


NBPHEOTIC STNDEOME, Acacia in the Treatment of, Goudsmit, A., Jr Blnser M w 
and Power, M. H. Arch. Int. Ifed. 68: 701, 1941. ’ ^ 


In 28 patients with the nephrotic syndrome who were treated with 
ing observations were made; 

1. The concentration of acacia in the serum resulting from the 
150 Gm. ranged between 1,000 and 2,500 mg. per 100 e.c. 


acacia the follow- 


injection of GO to 


Sol 
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2. Tlie concentration of serum proteins usually diiuinislied. As an average this 
amounted to 22 per cent of the original concentration. This related decrease could not be 
correlated with the amount of acacia administered, with the resultant concentration of acacia 
in the serum, or with the initial concentration of serum proteins. Increases in circulating 
plasma volume and concomitant dilution of its constituents appear to account adequately for 
the decrease of serum protein.^. 

.3. The gross changes in colloid osmotic pre.ssure subsequent to injections of solution 
of acacia are directly related to the absolute changes of the concentration of the serum pro- 
teins and of the concentration of acacia. If certain values are assigned for the “specific” 
osmotic pressures of serum proteins and of acacia, tho changes of colloid osmotic pressure can 
he predicted fairly accurately. In approximately half of the patients the calculated 
changes were within 0 mm. of tho observed values. 

I. The colloid osmotic pressure of the scrum may be increased, unchanged, or de- 
creased after a course of injections of solution of acacia. An increase is most likely to 
occur when the initial colloid osmotic pressure is most subnormal. 

5. These change.^ of colloid osmotic prcs.sure, under the general regimen to wliich these 

patients were exposed, appear to be e-s.-entially unrelated to the degree of effectiveness 

of the treatment. 

SULFANIIjAJVIIDE, a Simple Micro Test for, and Its Derivatives in Blood, Churg, J-i 

and Lehr D. Am. J. it. Sc. 202; r>8!i, 1941. 

REAGENTS 

A. 15 per cent aqueous solution of trichloracetic acid. 

B. 2 per cent para-dimethylaiuinobenzaldehyde (p-BA) in 05 per cent ethyl alcohol. 

(If stored in a glass-stoppered brown bottle, the reagent keeps for at least a month. 

It is almost colorless if prepared from fresh p-BA. Crystalline substance which has turned 
strongly yellow due to prolonged standing is unsuitable for use.) 

C. N/C HCl (for determination of total sulfanilamide concentration). 

EQUIPMENT 

A. Test tubes, 10 mm. in diameter, calibrated at 1,5 c.c., 2 c.c., 3 c.c., and -1 c.e., with 
rubber stoppers. 

B. Blood pipette, 0.1 c.c. 

C. Small (1 inch) funnel and filter paper (Whatman No. 2, 4.25 cm.). 

D. Graduated centrifuge tubes (for determination of total sulfanilamide concentration). 

E. Comparator (block or slide) with blue glass filter, a set of permanent standards 
(Table I) and comparison tubes (10 rani, inside diameter) calibrated at 1 and 1.5 e.c. 


Table I 

CoAtPOSiTiox OP Pekitanent Nonfamug Standards 


K,Gr„Oj 

(C.C.) 

K.,cr „04 

(C.C.) 

1 

! H,0 

; (C.C.) 

1 

CORRESPONDING CONCENTR.VTIONS 

OF STOFANILAiriDE IN BLOOD 
(MG. IN 100 C.C) 

0.5 

1.0 

1.5 

1.9 

2.2 

2.5 

2.7 

3.0 

3.0 

0.1 

0.25 

0.4 

0.5 

0.7 

0.9 

1.3 

2.1 

3.7 

9.4 

S.75 

5.1 

7.6 

7.1 

6.6 

6.0 

4.9 

3.3 

0 

1 

2 

3 

4 

5 

6 

S 

10 


O.S% i 


i 

3.0 

5.0 

2.0 

15 
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I’UOCEDUKE 

.1. Determination of Free .Sutfanilamidc 

1. Place 1.5 c.c. of water in the calibrated test tube. 

2. Add 0.1 c.c. of blood (drawn from finger or ear lobe) and rinse the blood pipette 
several times with the water in the tube. Shake the tube gently for a minute or two until 
the blood is completely hemolyzed. 

3. To precipitate the proteins, add 15 per cent trichloracetic acid up to the 2 c.c. mark 
(approximately S droi)s). Close the tube with a rubber stopper and invert several times. 
This step may be performed immediately following 2, or within several hours. 

■1. After two minutes filter the mixture directly into the eompari.son tube up to the 
1 c.c. mark. Instead of filtering, the mixture in the precipitation tube may be centrifuged 
for five minuto.s at high speed, and 1 e.e. of clear supernatant fluid transferred to the com- 
parison tube by means of a capillary pipette. This is especially convenient if several tests 
are run simultaneously. 

5. Add the p-BA up to the 1.5 c.c. mark, mix by inversion and compare with the 
standards in the comparator, either immediately or within two hours. In the latter ca.'-e 
the comparison tube must be tightly stoppered. 

The p-B.\ reagent should be shaken before use. 

If the drug level in the blood is found to exceed 10 mg. per 100 c.c., accurate 
determinations are obtained by repeating the te.st with double dilution of tlie blood. For 
that purpose 0.1 c.c. of hlQO<l is hemolyzed in 3 c.c. of water and trichloracetic acid added up 
to the 4 c.c. mark (about IS drops). Otherwise the procedure remains unchanged. The 
readings are multiplied by 2. 

B. Determination of Total Sulfanilamide 

The procedure as described above remains unchanged up to Step 4. Steps 4 and 5 
are modified as follows: 

4. Place 1 c.c. of the filtrate or centrifugate in a graduated centrifuge tube, add 1 c.c. 
of N/6 HCl, mix, and heat in a boiling water bath for one hour in order to hydrolyze the 
acetylated sulfanilamide. The mixture evaporates almost completelj-. Cool to room 
temperature and bring the volume up to 1 c.c. with water. 

5. Add the p-BA reagent up to the 1.5 c.c. mark, mix by inversion, transfer into a 
comparison tube and compare with the standards. The readings are then multiplied by 
1.15 to compensate for the decrease in color intensity due to the addition of hydrochloric 
acid. 

C. Determination of Sulfanilamide Derivatives 

lYith appropriate standards the test can be applied equally well to the determination of 
sulfapyridine, sulfathiazole, and other sulfanilamide derivatives. For clinical purposes 
sufficiently accurate results can be obtained with these compounds by using the sulfanilamide 
standards for comparison, provided the readings are multiplied by the following factor.s- 

Free Total 

Sulfapy-ridine 1.5 1 7 

Sulfathiazole 1.7 o q 

These factors take into account the higher molecular weight of sulfapyridine and sulfathiazole 
the loss in precipitation due to the poor solubility of these compounds, and, in determination 
of total drug concentration, also the decrease in color intensity caused by the addition of 
hydrochloric acid. 

T. N. T. Derivative in Brine, Improved Webster Test for, Ingham, J. Lancet 2: 554 1944 

Place 50 c.c. of urine in a convenient sized beaker (400 e.e.) and add 50 c c of 
20 per cent (by volume) sulfuric acid (1 part concentrated H.SO, plus 4 parts H,0) JILx 
Place beaker on tripod, supported by wire gauze, and l.eat over Bunsen fl'mne 
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Boil for one minute; allow to cool. Cooling’ may be hastened by running cold water 
over outside of beaker. 

After cooling, pour the mi.xturc of urine and acid into u .separatory funnel of £00 
c.c. capacity and add 50 c.c. of ordinary (methylated) ether. Shake up well and then allow 
to settle for about fifteen minutes. The lower layer of urine and sulfuric acid is ne.\t 
run off by removing the top stopper and opening the lower tap. 

The ethereal solution of acidified urine remaining in the separatory funnel is then 
washed twice with 1 per cent aqueous solution of sodium carbonate. This is done as 
follows. Add 20 to 25 c.c. 1 per cent sodium carbonate (aqueous), shake, and, after allowing 
to settle for five to ten minutes, run off the lower layer. Repeat. (If the person has been 
taking purgatives, suuh as rhubarb, senna, cascara, phenolphthalein, which yield anthraquinone 
derivatives, the sodium carbonate solution will show a reddish-violet color). 

After this treatment with sodium carbonate the ethereal solution in tlie funnel is 
washed witli water, as follows. Add SO c.c. tap water, shake, allow to settle for fifteen minutes, 
and then run off the lower layer a.s before. (Occasionally a troublesome emulsion forms in 
the ethereal extract while washing with water but it is easily dispersed by adding a few drops 
of absolute alcohol and shaking gently.) 

Now place 5 c.c. of tlio ethereal e.vtract, so waslied and prepared, in a test tube and 
quickly add, without .shaking, 5 c.c. of a 5 per cent alcoholic solution of potassium hydroxide 
(5 gr. caustic potash dissolved in 100 c.c. of methylated spirit of absolute alcohol). A 
violet cloud indicates a positive result. The liquid in the test tube should be watched care- 
fully, for the color develops quickly and just as quickly fades. The intensity of the color 
varies from the faintest tint to a deep violet according to the amount of TNT in the 
urine. 

The unused etiiereal extract remaining in the separatory funnel need not be thrmra 
away but may be collected and later separated off from any TNT by distillation. It may 
then be used again in other tests. 

For the routine everyday urine e.xamination of worke.rs in TNT factories the technique 
may be simplified as follows: 

Apparatus Required . — Two ordinary test tubes (f inches by % inches) ; Bunsen burner 
or spirit lamp. 

Reagents Required.-— 20 per cent (by volume) sulfuric acid; ordinary (methylated) 
ether; 5 per cent alcoholic .solution of potassium hydro.xide (freshly prepared). 

Place about 10 c.c. of urine in one test tube; add .about an equal quantity of the 20 
per cent sulfuric acid; shake and bring to a boil; cool tlioroughly under water tap. 

When cold, add about 10 c.c. of the ether and shake well ; allow to stand a few' minutes 
until ether floats to the top. Pour some of the supernatant ether into the other test tube 
and to it add about 2 c.c. of the 5 per cent alcoholic potassium hydroxide solution. A 
dirty reddish purple color develops at once if TNT is present. The tint varies from faint 
to very deep according to the amount of TNT present and appears quickly and just as 
quickly fades. If no TNT is present, a light brown color only results and persists. 

With this simplified technique the test is sensitive to 1 part in 10,000. It does not 
exclude anthraquinone derivatives (from the purgatives mentioned) which give a similar 
but pinker color which persists. 


Erratum 

On page 334 of the December issue of the Journal in an article entitled “Age Incidence 
of Positive Tuberculin Reactions (Mantou-x) ” by Prances Pascher, M.D., and Marion B. Sulz- 
berger M D (with the statistical analysis by Alexander S. Wiener, AI.D.), the formula appear- 
ing on’ the last line of the page should read: 

P.E.„,„, = t/(P.E.p.)= + (P.E.pri=^ 

Also on page 33’o of the same article the fourth line under Table HI should read: 

"Therefore, 29.5 per cent and P.E. (p.- - pO = + (0,,051)i' = 0.081, 

or 8.1 per cent.” ' , 
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GEORGES IIAYEM (1841-1935) 


“The future belongs to hematology.’’ — Georges Hayem 


Camille Dreyfus, ^I.D., Bostox, Mass.® 


TT IS A great honor for me to speak before your esteemed Society in eom- 
1 memoration of the hundredtJi anniversary of a eountiyman who is called the 
father of hematology. His anniversary will not be celebrated in his fatherland 
where an atmosphere of constraint and persecution compels the best of our pro- 
fession to a humiliating silence. There it will be impossible to praise Georges 
Hayem despite all his contributions to the glory of his country. I am thus 
doubly fortunate to be able to e.xpress to you my deep feeling of gratitude and 
appreciation of your hospitality. I should also like to offer my very <^ood 
friend. Dr. Nathan Rosenthal, my sincere thanks for this opportunity to com- 
memorate Georges Hayem. 

When, as a young doctor, I went to Paris for the first time, I attended a 
meeting of the Bociete medicale des hopitaux de Paris on the Rue de Seine. 
Seated beside me was a little old man, his tanned face crowned with a snow 
white crop of abundant hair, with locks falling to his neck. He had a stiff little 
beard, a snub nose surmounted by gold spectacles; a vivid and piercing eye 
completed this remarkable head of a true scientist. I was deeply impressed by 
his appearance, and it was not until later that I learned that this old man, who 
was treated with great respect and deference, was Georges Hayem 

The story of his life hardly lends itself to the dramatics of a romanticized 
life. It is earnest and straight as the life of so many seekers after truth and 
it seems that he experienced his allotment of great emotions, sudden turns of 
fortune, joys, and disappointments in the laboratory, when a hypothesis became 
a truth, or when a new observation came to overthrow a truth of yesterday But 
we are not qualified to judge. Under a calm and impenetrable mask sometimes 
un^s a tormented existence; and a life of action is often but an escape from 
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personal suffering. I do not wisii to have you believe for a moment that such 
ivas the ease of Georges IIa.vem. Hou-ever, I ivi.s!i to indieate hoiv frequeHt it 
is for people to take the secrets of their inner Jives to tJieir graves. NevertJieless 
in his life, it is obvious that tliere is nothing to I’cmovc it from the framework 
of a normal life. 

He was born in Paris, Nov. 24, 1S41, the non of Simon Hayem, a successful 
businessman of tlie Sentier section, wlio had hoped that ids son would succeed 
iiim. By some strange fate, Georges Hayem preferred to be a student, and, 
perhaps by atavism, to clioose a medical career. 

His family liad preserved the portrait and the memory of an ancestor, 
Isaie Servus Uiman, wOio practiced medicine in jMetz. Louis XV, at that time 
.still called Louis the Well-Beloved, liaving accompanied the army in- the War 
of the Polish Succession, was seized in Metz rvith a bad case of dysentery. As 
the condition of the pidnee was growing progressively worse, the royal phy- 
sicians, overcoming their prejudice, in desperation called in the Jewish doctor. 
Against every expectation, the remedies of Isaie Servus UJman brought about 
a cure. In the midst of the delirious joy ushered in by this news to the entire 
kingdom, Hayem ’s ancestor deemed him.sclf happy to obtain as his reward au 
improvement in the conditions of the Jews of Lorraine. There is no doubt that 
such a family heirloom was largely i-csponsible for directing young Hayem 
toward medicine. 

Georges began his medical studies in 1861. He completed a two-year course 
in one year; this was a remarkable aeliievemeijt. In 3862 he received the high- 
est honor in the examination for externship. He was admitted as an interne 
in 1863. He received the gold medal in 1867 from tlie Acnddmie de medeeine 
for his brilliant work. In 1872 he was accepted as a pliysieian in the hospitals 
and was licensed to practice. Seven years later lie was named titular professor, 
and finally in 1886 he was elected to the Academy of IMedicine. He was just 
45 years old. 

The exceptionally rapid ascent cost Hayem many jealousies and grudges. 
But he was not the man to botlier Avith public opinion. He was sure of 
himself, conscious of his Avorth, and seldom, if ever, stepped aside from this line 
of conduct. Henceforth, his life unfolds between liis service at the hospitals 
and at home. He used to arrive early in the morning at the Saint Antoine in 
a fiacre. On entering his ofSce lie donned a simple Avhite apron and a black 
velvet skull cap for Avard rounds. He did not Avaste time in the exchange of 
civilities Avith his co-AA'orkers. He Avas rough and brisk and demanded much 
from others, as Avell as from himself. The students did not love him ; they feared 
him. Much courage Avas needed to become his interne. 

Paul Bensaude told me to Avhat extent Hayem Avas feared. His brusqne- 
ness at first repulsed people, but at bottom this rudeness concealed timidity, and 
his closest associates kneAV that under this fa§ade of brusqueness beat a heart on 
Avhich one could depend. The fidelity they gave him is a tonehing testimony of 
their comprehension of this great man. 

The public liked him. The people of the Saint-Antoine district greeted 
liim Avith respect. His fame dates from the epidemic of cholez-a Avhieh ravaged 
Paris in 1870, during the siege. Hayem did not spare hbnself in caring de- 
votedly and courageously for the stricken. He noticed that a great number of 
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the cholera victi.us died ^he nlnlueTTo per cent of 

S";i"Sv::ie ^n.her for th^ thne. This suceess brought h.nr h.s 

nickname, Doctor Cholera. . 



Georges Hayem. 


Until his death Hayem remained the master ^vho looks upon ln.s associates 
as his disciples. Bensaude, of whose world-wide renoiim by mrtne of his work 
?n proctolo^' I need not remind you, has, like many others, ^rrounded Hayem 
Xfil al fevotion. A few days before his death, Hayem asked for a camphor 
n ection and requested Bemsaude to perform it. Hayem thanked hm inth 
Sfs rem’ark: “Bensaude, you still don’t know how to give an injection. 

Bensaude was then 67 years old. o - . 

Tn 1911 eau"ht by the age limit, Haj-em had to quit sen ice at the Saint- 
-Vntoine Hospitar In the course of his farewell address, at the moment when 
he must leave his laboratory and his associates, you perceive the soft muimur of 
this sad life of the scientist whom others, more lucky than himself, have sur- 

cannot complain,” he said, “I have studied and taught medicine during 
a half centuiT which shone ndth incomparable luster: the work of Pastern-, the 
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ascent of surgery, the discovery of serothenii^y and I'adiology. This incessant, 
tnnniltnons groivth of knoivledge, ringing discoveries, is eoniparaUe to a rising 
tide that keeps on rising. How small one feels during the submersion! How 
fitting it is to be humble!" 

In his private life cruel experiences u'ere in store for him. First he lo.S't a 
daughter whom he adored. A terrible malady overtook his wife. His older son 
was killed at Verdun. Later he lost his second son. To withstand implacable 
destiny, only one daughter ivas left him, and the affection of his son-in-law, bis 
grandchildren, and his pupils. 

On the sixth floor of his house at Auteuil, Hayeni furnished a workroom 
where, in his last years, he practiced a hobby, modeled medallions, and showed 
his skill at painting. 

It is impossible in the short time allotted me, to pass in review all the 
scientific work of Georges Ha.vem. His publications are .so mimeiwis and diverse 
that we are forced to limit ourselves to hematology. Bat we must not forget 
that other field.s, particulaily that of gastroenterology', were strongly influenced 
by his research. 

Before launching on our selected subject let us mention, however, that l^is 
thesis for the doctorate was entitled “Studies on Divei-se Forms of Eneephalism" 
(1868), and that of his two master's theses, one treats of “Bronchitis" and the 
other of “Arachnoid Hemorrhages" (1872). 

What was hematology in France before Georges Hayem? This question 
has not until the present had the development it merits. To discuss this que.S' 
tion one must first de.seend to the ohscni-e sources of modezai medicine. Let us 
refer to two works, rarely cited, but which constitute in juj' mind the milestones 
on the narrow path leading out on the ivide road of Georges Hayem 's hematology. 
The first work is entitled “Tlie Medical Analysis of Blood," and was published 
by Theophile de Borden in 1775. Only a pamphlet written in the style of the 
eighteenth century, it constitutes a brief opposing tlie pretensions of physics 
and chemistry to invade the field of medicine and to attempt to dominate it. 
He does not admit tliat these accessory sciences submit the phenomena of life 
to their close scrutiny. He spealis of a certain group of physicians “who claim 
that blood is composed of globules which can be counted, but no one must object 
to the arbitrary count. They' go so far as to imagine bursting globules, brokeii 
globules, globules sticking together, as occurs with glass globules." 

And, for our edification and consolation, he adds; “Sensible men will not 
pay attention to this childish prattle.” Thus speaks the eighteenth eentury, 
opposing with its ironic verve tlze destiny of medicine. This is routine, mocked 
by Moliere and Montesquieu, which would hold back the advent of a new era. 

The second work which will help us form an idea of medicine before Hayem 
is entitled “An Essay in Pathological Hematology'. " It was wi-itten by Gabriel 
Andral, Professor of General Pathology' and Therapy at the Paris Medical 
Seliool,' Member of the Eoy'al Academy of Medicine, and Staff 2Iember of the 
Hopital de la Chai'ite. It Avas published in 1843 by Fortin, 3Iasson et Cie. 

This little treatise seems to me to be of considerable interest in the history' 
of hematology'. Here ive find in a nutshell the opinion of the period of transi- 
tion from tL eighteenth century medieine to the medicine of Georges Haj'em. 
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Tile ideas exposed in tiiis liooklct sui-prise us as nuicli as they ehiU'iu us. And, 
it: Hayeui is the Father ot' Ilematolo-'y, permit me to name Andral tlie Grand- 
father. 

I fpiote for you a few pa-ssufjc-s of thi.s pioneer ’.s work: 

“Until the present, direct observation of the blood has been invoked more 
rarely than reasoning. To eopc with this problem, blood must be analyzed. 
Hematology will be in a position to gain valuable facts only when the blood of 
a great number of sick people will be submitted to a clieinieal investigation and 
examined under the micro-seope. 

“. . . hut in order that micro.seopic analysis of blood might yield truly 
useful results, one condition is indispensable; namely, that we first acciuire an 
exact knowledge of the varieties of the phy.siology of blood. 

“. . . Because of our failure to make a preliminary examination of the 
phy.siology of blood, many erroneous as.sertions have been made in connection 
with the changes produced in the blood corpuscles by illness. I am not afraid 
to state that until the present no alteration in fozm or texture, which might be 
considered the result of the iuduenee of a disease, was definitely found in these 
small Ijodies, and also that all modifications of aspect described and other modi- 
fications which were briefly mentioned result from the progressive destruction 
which they undergo in proportion to the length of time thej' are cut off from 
the influence of life.” 

But a-side from these considerations on methods, Andral had ideas on dis- 
eases of the blood. His notion, for e.xamplo: 

“. . . and it is, in effect, the great increa.se in number of the red coi’puseles 
which establishes in the blood the characteristics of plethora.” 

Or this one; “The blood cannot be deprived of a certain quantity of its 
corpuscles without causing serious dtstiirbanees of the nervous system, which 
are translated by variou.s disorders of intelligence, emotion and movement.” 

And he adds what we understood only a centui'y later ; 

“If the facts on this order were submitted to proper verification, they 
would doul}tle.ss prove of extreme importance, since they would demonstrate 
that the nervous sy.stem exerts a great influence upon the comstitution of the 
blood, and consequently, in tlie same way, the blood, when it is altered, can 
modify nervous action. Thus, a disturbance of the nervous system is capable 
of altei'ing the blood.” 

These sentences, which might have been written in our time, are tlie more 
remarkable when we consider that Gabriel Andral had to struggle ao-ainst bis 
ciders, who, he says, “rejected the microscope as useless, or feared it as a 
■soui’ce of error.” 

Only a century ago there wa.s a slogan of the “microscopic illusion,” a 
slogan wliich risked to push back for years the coming of the scientific era 
of medicine. 

In his textbook Fours de micro.scopie, Alfred Donne explains in a limpid 
style the struggle he had to sustain to give the indispensable basis to medical 
sciences in general, to hematology in particular. Here is what we read—not 
without emotion — in his book jiublished in 18-14: 
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“For seven years I gave mj'self up wliolly to public teaching of microscopy 
applied to medical studies. I founded this teaching at my cost, at my risks 
and pei’ils. 

“I can draw out satisfaction from my effort since it took place in the 
midst of the decadence of teaching, despite the indifference of tlie physicians 
and the olistaeles tlirown to the way 1)y microscopic observation itself. The 
success obtained went beyond wliat my zeal and my^ convictions permitted to 
hope. ’ ’ 

And with a just pride he added : 

“i\Iy lectures, attended by a great number of French and foreign pupils, 
contributed to make the importance of the microscope understood and to win the 
interest and the confidence wdiicli it merits. I know what there is still to 
accomplish in diffusing the knowledge of the use of this instrument in medical 
practice, to popularize it, as it has to be. But by looking back to a half 
score of jmars, b.v seeing the progress of this science, it is impossible to lack 
confidence in its future.’’ 

“I applied,’’ he said, “the instrument to medical studies, tlie instrument, 
which ivas used habitually by botanists and entomologists.” 

The w’ork of this great and modest man, which an ungrateful forgetting 
leaves covered with a thick lajmr of dust in many libraries, merits to be 
remembered bj' those who care for the becoming of the sciences. He was the 
first, I am sui’e, who performed the idea of projecting the microscopic pictures 
by means of an apparatus which he constructed himself to allow his pupils to 
convince themselves of the reality of a world ivhieh the majority of the 
physicians of his time considered as an illusion. 

I found in the Collection of Reports on the Progress of Literature and 
Science, published under the auspices of the Ministry of Public Education 
and edited in 1S67 by the Imperial Printing Office, the echo of the memory of 
Gabriel Andral: 

“We must point out again as one of the titles of which French medicine of 
our day may boast, the research in the field of liquid composition of the 
diseased organism. The appearance of the small volume entitled ‘An Essay 

in Pathological Hematology' w’as a real event. This book has definitely 

banished a secular error and enthroned a great truth. It w'as not a question 
of admitting wherever possible alterations in the blood, but of demonsti-ating 
such changes, whenever they occurred.” 

I realize that I have given much space to Theophile de Bordeu, Gabriel 
Andral, and Alfred Donne, but I think that their ideas shed more light than 
could a commentator upon the birth of hematology, upon the “how” environ- 
ment created by the French clinic, Avhich will permit a mind like Hayem’s to 
perfect that which his predecessors could only hope. 

Is it not marvelous to see how these men of random means, in a conserva- 
tive, even hostile environment, were able, by virtue of their courage and 
perseverance, to conquer a field, fertilize it, and sow the seed. The harvest, 
in the work of Georges Hayem, proved beautiful and rich. 

The first findings of Hayem came to light at the time Louis Pasteur 
revealed to the world his discoveries, demonstrating the reality of infections 
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and identifying microbes. It was the greatest event, the sensation of the 
century. As a corollary to this discovery, his collaborators studied the organ- 
ism’s defenses in the struggle against the microbe invasion. The function 
of the white corpuscles was discovered, and it was not at all surprising that 
they usurped the public interest. 

It was at this time that Hayem, somewhat apart from the fashion of the 
day, set out to build, stone by stone, the magnificent edifice of tlic red corpuscle. 
And his great work, “Of Blood and Its Anatomical Alterations,” which ap- 
peared in 1889, and which he proudly called “long original memoir,” will 
constitute for future generations a monument to contemplate witli admii'ation. 
In 1878 he had already collected his hematologic publications in a monograph 
which may be considered as the first toxtl)ook on diseases of tl'e blood. 

In numerous publications Hayem describes the morpholcsiy of the red 
corpuscle, normal and pathologic. He distinguishes between the artefacts of 
preparation and pathologic modifications. He created the idea of the color 
index. He discovered the third figurative clement of l)lood, namely, tlie plate- 
lets; he demonstrated their role in coagulation, a function which was falla- 
ciously attributed to the leucocytes. With marvelous clarity and precision, he 
explained the phenomenon of coagulation. He showed what profit could be 
derived from a study of coagulation for the differentiation of hemorrhagic 
diseases. He taught the notion of the prolonged bleeding time, and observed 
the retraetability of the coagulated blood corpuscle and its nonretraclability 
in certain conditions. He prepared a solution, which to this day bears his 
name; this solution permits the presei’vation of the red blood cells without 
altering them for counting. After Potain and Malassez, he improved the hemato- 
logic technique. The list could be indefinitely extended, if I were not afraid 
of overstepping the limit of time granted me. At every instant, in the practice 
of treating diseases of the blood, we draw on his experience; at every step we 
utilize what we inherited from Hayem. 

But this heritage became classical and, therefore, anonymous. Many 
valuable procedures in hematology were introduced by Hayem, but we have 
forgotten their origin as we have forgotten who taught us to walk. 

Aside from these questions of technique, physiology, morphology, we owe 
to Hayem clinical descriptions of hematologic disorders, which have retained 
their full value throughout years of progress. It is revealing to read with 
what care he took, and made others take, his clinical observations in order to 
find an explanation for them. We who walk over an explored earth can hardly 
conceive of the difficulties and obstacles on the path of endeavor that this 
pioneer Hayem assigned himself. 

With an admirable clinical sense he treads his way through the hemorrhage 
diseases. The hematology of purpura is almost entirely his work. He presents 
this nosologic group with exemplary clarity. 

“1. Scurvy, characterized by etiological conditions in which it is observed 
It is found among individuals who were subjected to an inadequate diet 
by the absence of certain essentials, and particularly those contained hi 
vegetables. 
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was nothing but “liquid flesh.” But Hayem knew that to *^>at blood 

of the blood, he had to describe the diseases of the hematonoTu diseases 
is the grand idea formulated: “Very often,” he says “ therT 
anemia cases, sensitive modifications of the hematopoietic '^sTsT^ Pi'esont in 
merely functional disturbances.” ' ‘ xiot 
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While renderiu" respectful homage to other French pioneers of clmieal 

hematology, Potaiip^Malassez, See, Vidal, Oubler, to cite only a few, we mirst 
■!-dize that in this admirable phalanx, from tlic point ot new of hematologj^, 
the work of Geov"es Havem dominates from a great height, and bis is the work 
ivte. uvevailed No clinician or investigator before him had, on the whole, 
as comnkte and comprehensive a view of the disorders of the blood. 

JoUv said of Louis ilalassez (and it could well be said of others) that 
voked in us the memory of men of a race almost extinct, of those artisaas 
1 dw Middle Ages and the Reiiaissance, who, in the shadow of their workrooms, 
spent their lives perfecting and polishing some ma.sterpiecc with their own 

hands^^^^^^^ Hayem, on the contrary, Is of another mettle. Surrounded by 
uupils soon to Iiccome masters in their own rigid, he taught at the bed.side of 
the sick or in the lecture room. He had thi.s divine gift of the true profe.s.sor 
to communicate, to tran.smit a brilliant synthesis of the past, together witii 
his owm discoveries and those of his contemporaries. 

Is this not a sufficient reason for con.sidcriiig his lieiii-atologi* a unit filled 
witli his “.spiritual energy,’’ Inicaded with his own hands, as hi.s original and 
per.sonal masterpiece 1 
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If many problems in hematologj' have changed in aspect, if we now liold 
different opinions from Hayem’s on many cpiestions, liaving at our disposal 
better means of investigation, it does not detract from tlie immensity of his 
work. He created the liematologic clinic, wliile hematology might have become 
and remained a pure morphologic science. As liis own anatomopathologist he 
became the first hematologist. 

He showed that, if the clinic without tlie laboratory is often an uncer- 
tainty, the laboratory without the clinic is always a danger. 

Providence has put him in the right place hy assigning to liim a place in a 
clinic. Providence did better than could liave done the secret wish of Haj’cm 
himself. Did he not wisli to become the suecc.ssor to Claude Bernard? 

Who knows whether the brilliant .syntliesis of clinic and laboratory would 
have been evolved? For the strength of Hayem does not lie in akstract specula- 
tion (toward which he was driven by some secret longing in lus soul), but in 
constantly confronting and correcting the .soul’s vision by clinical reality. 

Rarely did a man ha^’e such clear, sueii precise vision of the higliway that 
medicine would bestride. Hayem is a descendant of tlie prophets of Israel 
when he evokes in a stirring allegory his medicine at the crossroads. I could 
not forgive myself if I did not read it to you in part. 

“Visualize the heads of our School, the eminent clinicians who are the 
honor of French medicine, as travellers who have walked for a loJig time and 
who, at the moment they believe they had come to tlie end of their tiring 
joui’iiey, about to take a well-deserved rest, suddenly see looming in their 
path a steep mountain. In their wake they liavc brought an army of pupils 
whom they have guided on this road. They are stopped as if by a barrier. 
These travellers, completely tired out, halt, but not all of them feel the 
same way about it. Up on the mountain, whose summit is invisible, a few men, 
taking a wholly different i-oad, carry a flag and make signs of encouragement. 
Our travellers install themselves in the valley, and some say, ‘We shall not 
go any further; the horizon we shall be able to see from here is sufficient 
for us. You who are young, climb on, follow these sturdy pioneers, and come 
back to tell us of the marvels you will encounter in their wake. We are sorry 
we have no more strength to complete this long and arduous journey.’ Still 
others, luckily fewer in number, are prone to be skeptical and mocking. ‘This 
road is not ours,’ they say. ‘This mountain is shrouded in clouds. You will 
be making a useless ascent. You will be like those excursionists wffio, upon 
reaching the summits of the Alps, are dazzled by the resplendent sun, and 
see nothing under their feet, the ground being hidden in opaque clouds.’ 

“At that time,” he continues, “I was still among the ymmg. My principal 
master was Vulpian, a standard-bearer, as remarkable a scientist as he was a 
clinician, an indefatigable worker who fell like a soldier on the battlefield. His 
hand pointed in the right direction. I could not hesitate. 

“I thus continued on my way, but sought a path to my taste. Leaving my 
old masters in the valley, I did not Avish to take new guides, and soon I Ava's 
no longer disdained for being someAvhat apart from the great road where the 
young were crowding, the neAVCOmers, elbowing one another, stumbling over one 

another’s heels. 
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“These joyous eompanions, gleefully climbing the mouutaiii which had now 
become easily accessible, do not realize, having left the base, that the men 
of my generation needed a certain courage to undertake its ascent.” 

And he concludes: “The excursion is far from completed. To teach 
medicine in our day is to continue one’s education. Isn’t that what constitutes 
the incomparable charm of our profc.ssion ? ” 

Hayem died at the age of O’-!:. He was spared the sorrow of seeing his 
country in mi.sery, his compatriots in distre.s.s. He was spared the humiliation 
of having the “ins civiiatis sine sujfrayio ct honore” applied to himself, seeing 
himself excluded from the Frencli community because he was a Jew. He was 
spared the humiliation of being dismissed from the school, and from the 
Academy to whose renown he had devoted all his laborious life. He did not 
have to suffer the humiliating insults of the laws of discrimination. But what 
matters the decrees of an ephemeral government in the face of Hayem ’s genius? 

I think Hayem would have found it sweet and satisfying to know that in the 
United States, where admiration for his work is so whole and sincere, there 
are imited this evening men without prejudice, ardent defenders of liberty 
and human dignity, who are thinking of him with love and respect. He 
would have found it sweet and satisfying to know that he would have had among 
these men, on this hospitable soil, a second Fatherland. 
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THE POLTCVTK^ 


Briu Poxdkk, M.D,, D.Sc., JIixkola, L. I. 


I T IS generally recoguimi that tlie figures for Cooke’s jjolyiinelear count 
(Cooke, 3914) are reliiled to the life Insfory of tiie iioiymorplionuclcar in the 
blood stream. In making tlie count IflO i)oiymorpiionueIear ieiicocytes are 
grouped according to the number of lobes in the nucleus of each; “if there is 
any band of nuclear tis.siie cxccgit a clironiatiji filament eonneefing different 
parts of a nucleus, the nucleus cannot, for tiie purposes of the polynuclear count, 
be said to be divided.” This is called Cooke's criterion, and di.stinguishe.s the 
poij’nuclear count from llic Arneth count, from which it is derived. The count 
is then expressed (taking an average normal count as an example) : 

r II III lY V 

1-2 25 44 15 4 

Multiplying the number in class I by 1, the number in class 11 by 2, the number 
in class III by 3, and so on, and dividing by 100, oJie gets tlie moan for the 
count, in this ease 2.74. The significance of the figures in the various classes 
lies in the faoi that it has been shou'n that the cells of class I are young cells re- 
cently derived from the marrow, that iiu-veasing lo))uIation occurs during the 
lifetime of the polymorplionuclear leucocyte in Dm blood stream, ceils of class I 
becoming cells of class 11, cells of class II becoming cells of class III, and so on, 
and that the cells of tiie higher classes, lY and V, are preferentially removed 
hy death (Cooke and Ponder, 1927; Ponder, 1926a, 1926b, 1927; Yeager and 
Hateruis, 1929; Climenko, 1931; Climonko and Ponder, 1934). The normal 
state is represented diagrammatically in Pig. 3, the arrows indicating the de- 
livery of young cells from the marrow, Die removal of old cells by death, and 
development from class to cia.ss. The “shift to tlie left,” characteristic of mar- 
row stimulation, results from an incrca.sed production of young polymorphonu- 
clear leucocytes from the marrow, as in acute infections, or from an increased 
death rate in the higher classes, as in chronic tuberculosis (Ponder, 1927). The 
successive clas.ses are shown as unequal in length because a cell stays in class I 
a shorter time than in class II, in class II a shorter time tlian in class HI, and 
so on. 

In 1927 Cooke described a type of polymorphonuclear leucocyte for which 
it is difficult to find a place in the selieme. It is nnusnaliy large, and its nucleus 
is hypersegmented, sometimes having as many as from 6 to 12 lobes. Goolce gave 
it the name of macropolyeyte, and subsequently classified macTropolyeytes into 

"^roro me Nassau Hospital, Vlineola. 

This investisation was carried out under a ffrant from the Simon Barucii Poundatlon, 
Received for publication. April 2J, 1041. 
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..pe. Tn.o I 

raiu, Inrirpendlkl' 'mlia. Types II and III vescnble .negakaryoeytes 
and are found in pernieious anemia. 


“■°oo§3^on b(p3g’:#%te,4 

’ O O ■ ?, 

c®p 



i,v ■ ’^ '.j.. ■/- ’.r,- v;> <y\..^.^^'Z\ 

' S.j . • *■ ■*■ i .k 64^i_> 

.. /-. .... 1 ..Arrnslve fixation : 2, polycyte. Giemsa ; 3 , macropoly- 

Plate I.— 2, Polycyte f^jyj^^Yte^from blood of guinea pig; 3, propolycyte (note the two 
?erP/mallSoblAuS »' ProPolycyte, G.emsa. (Magn.flca- 


very 
tion X34 L) 


POIA'CYTES 2\ND PROPOLYCVTES IX IXFECTIOX 


In acute infection, because of the concomitant marrow stimulation and 
the delivery of large numbers of young cells into the blood stream, the polynu- 
clear count shows a large number of cells of class I and a left-handed deflection. 
As the cells of class I develop into cells of class II, and so on, the polynuclear 
count shifts to the right, and it is usually under such circumstances that I have 
observed the cells which I call polycytes and propolycytes. 

1 Polyci/fe.— This is a polymorphonuclear leucocyte of the usual size, 10 
to 14 /X in stained films,! but with a hypersegmented nucleus possessing from 
6 to 12 lobes (Plate I). The lobes are often widely separated and joined by 
lon<- chromatin filaments. One gets the impression that the lobes are rmusually 


wtre obser’/ed in the blood of 90 persons who formed the basis of 
♦No niacropoi>cj^cs normal polynuclear count. Cooke subsequently found one 

Cooke and on* and reported to Kennedy that he had seen one in another healthy 

macropolycyte in P d,,.. ( 1937 ) reported 9 in a series of 690 healthy males living in 
V“''“°".;nATmany as 21 fn 487 ca4s of leprosy, phlebotomus fever, and malaria. 

of the Dolvmorphonuclear leucocyte in stained films depends very much on the 
.. n!!ftion Most of my material was stained by Giem.sa after methyl alcohol fixation. 

:"‘'.“'^.(Vr‘!.sive VnWh..aW fixation and Heidenhain's iron alum is preferable for tlie study of 
PO yc> WS -md propolvcytes^ The cells are distinctly larger after corrosive fixation. 
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small, and some of the lobes may be very small indeed, looldng like buds from 
larger lobes and conneeted to them by fine chromatin filaments.* 

One frequently sees in polycytes an arrangement shown diagraniraatieally 
in Fig. 2 A, in which a fairly large lobe is joined bj' a cliromatin filament to a 
I'ery small lobe, ivlnch in turn is joined to another large lobe by another fila- 
ment, apparently a continuation of the first. The separation of two pieces of 
nuclear material with a small piece left between tliem reminds one of the fa- 
miliar Plateau’s spherule, a very small drop of -water which is formed bedveen 
two larger drops as they separate (Edser, 1933) and which, when it occurs in 
a viscous fluid, is related to the plienomenon of “beading” in threads. It must 
be borne in mind tliat wlien two nuclear lobes separate, tliey do not move apart 
of themselves, but arc drawn apart by some force, possibly the forces resulting 
from their movements through tlie fluid .sun-ounding them. Given the proper 
relations of surface tension and viscosity necessary for beading, the appearance 
of the small lobe in the line of the filament joining two larger lobes is to be 
expected, and in this connection it may be observed tliat the appearance of 
polycytes is often associated with an amoeboid appearance of the polymorphonu- 
clear leucocytes, as if their cytoplasmic viscosity were reduced. 



One also sees an arrangement, such as is shown in Pig. 2 B, in which one 
lobe is conneeted to two others by a branched filament. It is difficult to see how 
this can come about during the process of segmentation of tlie nucleus, and the 
possibility must be considered that the brandling may be- nothing more than an 
appearanee, the “branches” being really two separate filaments lying close to- 
gether for some distance from the lobe of origin. The filaments are so fine that 
two of them lying side by side may be impossible to resolve; nevertheless, there 
is often seen a barely recognizable speck of material at the junction of the 
branches, and the part of the filament which branches does not seem to be 
thicker than the filaments which proceed from it. 


•In Osgood and Ashworth's AHas of HematoXogy there are two cells which resenihle those 
described in this paper. No. 84 (neutrophile lobocyte) has 7 lobes and^ is from a case of 
myelogenous leucemia. Osgood says that some authors believe that such cells occur only in 
pernicious anemia, and use this as diagnostic criterion, out that they are also found in s:ranu- 
locytic leucemia, and occasionally m conditions in which the nite of leucocyte destruction is 
reduced. The cytoplasm is bluer than in the typi^l polymorphonuclear leucocytes, i.e., more 
like that of the "toxic" neutrophile as described by Osgood. No. go is from a case of Pernicious 
Lnimia Osgood describes this as the same as Cooke's macropoiycyte, although the "macro’’ 
Element is missing (the size is 15 by 12/i, while that of a normal pop'morphonuclear leucocyte 
It The uppeT ifmit of size, No. 83. is 15 by 15p) Osgood suggests the term polylobocyte. and 
the size of such cells is often larger than that of the typical polymorphonuclear leu- 
says that the size or su^ cei » ^ Cooke's macropoiycyte. type 1. is its size, this illuatra- 
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In my experience polycytes are found in abont 10 per cent of cases in wliicb 
there has been a left-handed deflection of the polynuclear count followed by a 
commencing right-handed shift, i.e., at the stage of commencing recovery from 
a marrow stimulation. The following cases illustrate their appearance. 


Case 1. — Traumatic amputation of arm and leg. Shock. Overwhelming toxemia from 
tissue injury. Patient died. 


1 


Arrmt acciuext 


White blood cells per cubic railiimctor | 

1 ilB. 1 

1 5 IIK. 

i 18 HR. 


13,725 1 

31,900 


Polymorphonuclear leucocytes per cubic mil-1 
lime ter I 

2,750 1 

30,000 


PoljTiuclear mean I 

1.84 

1.40 


Polycytes, per cent ] 

0 

1 Propolyeytes 



Case 2, — ^Pulmonary tuberculosis. Thoracoplasty. Patient recovered. 



before 

1 APTER OPERATION 


OPERATION 

12 im, 1 

1 24 HR. 

Wliite blood cells per cubic millimeter 

19,978 


21,125 

Polymorphonuclear leucocytes per cubic mil- 
limeter 

14,600 

18,900 


Polynuclear mean 

1.86 

1.38 

1.34 

Polycytes, per cent 

0 ! 

6 

7 


Case 3. — Perforated duodenal ulcer. Shock. Operation ten hours after perforation. Pa- 
tient recovered. 



BEFORE 

AFTER OPERATION 


OPERATION 

19 HR. 1 

i 6 DAYS 

White blood cells per cubic millimeter 

3,725 



Polymorphonuclear leucocytes per cubic mil- 
limeter 

3,150 



Polynuclear mean 

1.04 

1.32 ' 

1.54 

Polycytes, per cent 

1 

0 

1 

4 ' 

1 

>, and 2 macro- 
polycytes 


2. Propolyajte . — This is a polymorph of the usual size, characterized by 
a nucleus with several lobes, but of a quite unusual degree of complexity. These 
cells have, indeed, all the characteristics of polycytes, except that their nuclei 
are not sufficiently hypersegmented. The arrangement of the nuclear lobes, how- 
ever, is like that seen in the polyeyte-, the lobes are often small and joined by 
conspicuously long chromatin filaments, and with respect to one another they 
lie in patterns not seen in the typical polymorphonuclear leucocyte. Some 
examples are shown in Plate I. 

In health typical propolyeytes are rarely seen, but between them and the 
typical polymorph there exists a whole series of forms, usually referred to as 
“complex forms" (Ponder and Plinn, 1926). Certain apparently normal per- 
sons show few polymorphonuclear leucocytes with three, four, and more nuclear 
lobes, and yet have a great many complex forms which have to he grouped in 
classes I and II if Cooke’s criterion is adhered to strictly. The same condition 
is met with in certain animals.* 


•In the mouse the polymorphonuclear leucocytes are cnmnle,- 
criterion, they fall into classes I and II. In the guinea pig ceUs witi/?^?’ “'‘housh by Cooke’s 
and the polynuclear mean Is about 5.0. in some of the marsuDil s e 

IS as high as 5.0 it all cells with more than 6 lobes are considered at mean 

be still higher if proper weight were given to cells of th “higher classes ““ 



















870 


TIIK JOUISXAL OF LAIiOKATOKV AND CLINICAL MEDICINE 


111 conditions of abnornial inai-row activity propolycytcs occur uiulei' the 
same conditions as do polycytes, and are almost certainly a stage in the develop- 
ment of the latter. Thus in Case 1, aliove, proi)o]ycytes preceded the appear- 
ance of polycytes, just as in Case 3 jiolyeytes preceded the appearance of 
macropolycytes. 

A CASE OF THE DEVELOF-’\I E.VT OF FOLYCVTE.S I-V VITIiO 
The phenomenon of polyeyte develo])ment in vitro deserves a detailed de- 
scription because the iiossibility of its occurring has not hitherto been suspected. 

The blood was that of a man, aged hS years, who later had a partial gastrec- 
tomy performed for ulcer. In heparinized venous blood withdrawn at 1:20 p.m. 
on Feb. 26, 1941 (a week before operation), he showed a total white blood cell 
count of 13,375, with 96 per cent jiolymorplionnclear leucocytes, and a polynu- 
clear count of 

I II III IV V 

10 38 44 6 2 

with a mean of 2.52. For a reason entirely apai-t from the subject of this 
paper, films were made on both .slides and cover slips at 2:30 p.jl, 4:00 p.m., 
and 6:15 p.m., during which time the small bottle containing the heparinized 
blood stood on the lalioratory bench at a temperature which varied between 22.3° 
C. and 22.7° C. Subsequent counts on the stained films showed polycytes in the 
following numbers : 


T.nn.E I 


TIME 1 

(t) i 

XO. ox SLIDES 

xo. ox rovEii 
SLIPS 


1:15 p.m. 

1 in 100 


1.50 

i 

2 in 100 

- 


2:30 P.M. 

.3 in 100 

- 

3.-5 


2 in 100 

j « 



5 in 100 




3 in 400 

- 


•1:00 P..M. 

1 in 100 

1 in 100 

3.50 


G in 400 

0 in 100 


0:15 P.M. 

19 in 100 

- 

12.00 


9 in 100 

- 



9 in 100 

- 



11 in 100 

- 



The most convenient way of deciding whether or not the numbei-s found at 
the various times can be accounted for by variations in a random sample is to use 
a method employed in testing defective production of materials (American So- 
ciety for Testing ilaterials : Manual on Presentation of Data, Section 17) . The 
mean number of polycytes (5.57) and its standard deviation (±2.34) are cal- 
culated for the 5,600 cells counted, and the distribution of the polycytes, with 
lines marked for the mean number and for 2a, 3<r, etc., are plotted in Pig. 2. 
The odds for points lying between the 2a lines are 20 to 1 or better that they 
are the result of random sampling of one uniform population of 5,600 cells, the 
odds corresponding to 3o- about 300 to 1, to 4<r, 10,000 to 1, and so on. The 
odds that 19 polycytes would be found in a sample of 400 cells taken at random 
from the blood under consideration are those corresponding to 5.7o-, or about 
1 in a hundred million. 
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Looking iit the figure, the trend toward larger numbers of polycytes at the 
later times is appavent, and the solid central sloping line is that of the equation 
N = l,S2t -f 1.5, drawn by the method of least squares. On either side of it 
are two parallel lines for -.twice the standard deviation (±1.46) of the points 
about this line. All the points lie between these two lines, e.Kcept the very high 
point (N = 19) at 6 :15 p.ii. and the two low points (N = 1) at 2 :30 p.ji. Even 
ill the ease of these three points the deviation is in the right direction; hence 
the trend is a real one. 



A. B. 


Fig. 2. — Diagrammatic representation of two polymorphs, one showing a small lobe (P) between 
two large lobes, and the other showing a branched filament B. For discussion, see text. 

This is the only case in which I have followed an hi vitro development of 
polycytes in sufficient detail to be certain of it, but on several occasions I have 
observed (without statistical proof) an in vitro increase in the number of 
propolyeytes. The process is all the more remarkable in view of the difficulty 
encountered in showing anj- development from class to class in the blood stream 
of the normal animal (Climenko and Ponder, 1934). Finally, reference should 
be made to an observation (Ponder and MacLeod, 1938) in which, on one occasion, 
the blood stream of a rabbit injected with nucleic acid became flooded with 
macropolycjfles within two hour’s. 

DISCUSSION 

It is apparent that the propolycyte, the polycyte, and the maeropolycyte 
have a place in any scheme which describes the maturation of the polymorphonu- 
clear leucocyte, and also that the present scheme (Pig. 1) requires some essential 
modification. I worked out this life history in 1926 by observing the effect of 
thyroid injections on the poljTiuclear count in rabbits; the progressive develop- 
ment from class to class was demonstrated, and the whole development from 
class I to class Y was found to take from two to three weeks (Ponder 19^6) 
This result was confirmed, in general, by Ponder and Flint (1927, deflection witli 
various drugs and e.xtracts, including nucleic acid) ; Kennedy and Grover (ID’"?! 
deflection with x-rays) ; Kennedy and Thompson (1927, deflection by ultraidolet 
light); Charipper (1928, deflection by thyroid extract in Necturus)- Danger 
(1930, deflection by tissue extracts) ; and Climenko (1930, deflection by ero-os 
tcrol and ultraviolet light ) . In all these cases it was found that the polynucrear 
count returned to its original steady state after from fourteen to tweiitv-one 
days. All these experimeuts were on rabbits. ^ 
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]\IacLcod and I have recently found tliat the production of sterile peritoneal 
exudates in rabbits results in a deflection of the count, and that a return to the 
original steady state takes about seven days, while the return takes only about 
four days when the deflection is the result of the injection of nucleic acid (1 mg. 
per kilogram). We explained this on the basis that the polynuclear counts in 
the rabbits we used were more left handed than those of the animals in the 
experiments conducted from 1926 to 1930, but the fact is that the time required 
for a return to the steady state is more variable, and often shorter, than the early 
experiments indicated. 

20 
16 , 



Fig. 3. — Number of polycytes plotted aerainst time. For e.xplanation, see text 


The simplest way of reconciling these various observations is to suppose that 
the rate of maturation of the polymorphonuclear leucocyte, as measured by the 
lobulation of its nucleus, may vary. Cooke (1934) did not consider this pos- 
sibility specifically in his two suggested explanations for the presence of macro- 
polycytes, the first being an escape from the destructive processes which usually 
dispose of the cell at the stage of class IV or Y, and the second being an altered 
development due to exposure to an abnonnal environment during early develop- 
ment. This second suggestion might cover an increased rate of lobulation. 
I have considered the converse situation, a decreased rate of maturation, in con- 
nection Avith the steady state in clu’onic infections, and have dismissed it as 
applying to that state (Ponder, 1927). An increased rate of passage from class 
to class, however, would obviously account for the appearance of polycytes and 
their predecessors, propolyeytes. This is Avhat appears to occur in about 10 
per cent of the type of ease referx’ed to above, and in some cases segmentation is 
so rapid as to produce polycytes within a few hours. 

It should be borne in mind, however, that the macropolycyte of Cooke is 
unusual because of size as Avell as hj^ersegmentation (which may or may not 
be present in maeropolycytes of types II and III; Cooke, 1934). This element 
of size, without the hypersegmentation, appears in the polymorphonuclear 
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leucocytes of rabbits with sterile peritoneal exudates and after the injection 
of nucleic acid (Ponder and JIacLeod, 1938), whereas it is more usual in cases 
of nifeetion to find the a])pearance of the element of hypersegmentation without 
that of size. Two factors thus seem to influence the development of the poly- 
morphonuclear leucocyte in the blood stream, and these may operate while the 
cell is in its early stages, perhaps as carl 3 '' as the stage of the liemocj'’toblast ; 
the factor for segmentation, and the factor for size. The former is involved in 
the production of propoly cytes and polycytes; the latter, in the production of 
the kind of polymorphonuclear leucocyte found after peritoneal exudates and 
tile injection of nucleic acid in the rabbit. Both, acting together, are involved 
in the production of maeropolj’cj’tes of type I. 

The idea of a change in the rate of maturation of the polymorphonuclear 
leucocyte may be applied to the regional and seasonal variations in the poljmu- 
clear count described by JiacLeod (1935, 1938), and to the unusual degree of 
segmentation found in the polj'morphonuelear leucocytes of some animals, such 
as the guinea pig (Curphey and Ponder, 1941) and the wombat (Ponder, Yeager, 
and Charipper, 1928). The extraordinarily rapid return of the polynuclear 
count in the guinea pig to its initial steadj-^ state after a deflection produced 
by nucleic acid is strong enough evidence that the life history of the polj'- 
morphonuelear leucocyte in this species is different from that of the rabbit and 
of man. 

SUIIMARY 

1. This paper discusses the relation of two types of polymorphonuclear 
leucocytes, the polyeyte and the propolycyte, to the typical polymorphonuclear 
leucocyte on the one hand and to the macropolycyte on the other. Polycytes and 
their precursors, propolyeytes, are characterized by hypersegmented or complex 
nuclei, but are of the usual size (about 15 p. diameter). 

2. Polycytes and propolyeytes are probably the result of an increase in the 
rate of maturation of the polymorphonuclear leucocyte, and a case of their 
development in vitro is described. 

3. These cells make their appearance in about 10 per cent of cases with acute 
or chronic infection, usually when the polynuclear count is returning, or about 
to return, to its normal steady state. In general, they are of favorable pro<mostic 
significance, and their appearance in states of infection suggest that under such 
circumstances the rate of segmentation of the polymorphonuclear leucocyte may 
be markedly increased as a result of factors acting on the cells at some earlier 
stage of their development. 
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KEC0^ER\ FRO.M experimental POLrCYTHEMIA® 

Elizabeth Lou-e.n-„aupt. M.l)., San Fkancisco. Calie. • 

P activity. Howe\tr iu^"l99q iiieTea.sed bone marron 

icterus neonatorum reported inc.-.-'° E'ottlieb- in tlieir studic.s on 

in guinea pigs returned tn serum bilirubin and rai.sed icterus indicei 

exposui ^0 ^eing made polycytbeniio 

tions on hemoivsis of idonj • ^ ‘‘PPai'ently, confirmed observa- 

dieate a Va, Ua on- Lmoh-,,"' ' T "> “““aision- „„d aacned to ia- 

chronic polycythemia vera. An atte.nnt ^ is a requirement for 

hemolysis, but the report indicates f-iiin . 

of Goldbloom and Gottlieb ' ' verify the fundamental observation 


-•**.-.1 iJUL/a 


Erythrocyte counts, hemoglobin in ’-rams fb" 

teF), and reticulocyte counts (brilliant cre.syl blif''"^''? colorinie- 

the outset, blood being obtained bv prickin- a small"" 

then placed in the Ioav pressure chamber \4ere tl. 

ally over the first week to 350 mm. H- below atmosnT"'^""'^' 

Hg, corresponding to an altitude of 16 000 feet= ^ mm. 

for the ensuing two weeks. The appai-atus was that"dlr 

animals were removed daily for perhans fiftoo ^eseubed previously'.® The 

chamber and introduction of fresh food, and weekh "fo cleaning of the 

above blood determinations. At the end of this period t/ 

to atmospheric pressure, hematologic determinations were^m^X 

each group was killed as control, and the remainder were sacX X'" 

mg the next week, or during longer time in a few eases' Rl ^ dur- 

made every forty-eight hours on the whole group or inst °T 

animal was killed on an alternate day. About 5 c.e. of blood f 

termination were withdrawn by cardiac puncture, after ^vhinU 
, ctiiei vmeii the animal was 


cisco. 


— aiuium was 

♦From the Department of PatIiolos>^ Stanford UniversiU- Schnni ^ 4 ^ , 

oi Of Jledicine, San Fran- 
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weighed t>«h, add scci.ohs ,.l ^ „>othod. Biltabh. 

Sine; CoklUoom aM 

pigs were so J to diet, so that 4 guinea pigs were 

h, daeohson.- The. ani.als responded to iow pres- 
sure as did normal controls, previously observed. 



, 1 R evlinea niB3. Those on the diet resDonOea as did normal gruinea 

Hfmogfo^n value-s WCT parallel to red blood cell count.s and are not shown. 


R&SULTS AND DISCUSSION 

It is seen that in all types of experiment the red blood cell count and hemo- 
•dohin were sharply elevated in response to low pressure. A retienloeyte jieak 
occurred somewliat before the peak of this response. Upon return to normal 
pressure red blood cell count and hemoglobin fell gradually to normal, preceded 
by a decrease of circulating reticulocytes. These results are .shown in Figs. 1 
•md ^ The experiment was terminated too early to observe the anemia de- 
albed at about one month in guinea pigs by Gordon and Kleinberg,* and in rats 
bv Tvlev and Baldwin.'® The hone marrow from marked hyperplasia became 
move' cjuiescent, a few fat vacuoles becoming evident in section, and circulating 
reticulocytes practically disappeared, except after chronic blood loss, wliile 
ervtlu-ocytes and hemoglobin levels were still elevated. At no time rvas any in- 
crease in scrum bilirubin demonstrable. The spleen and liver shotved no histo- 
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logic increased iron coiiteiU during recovery. No ({uanlitative urobilin e.xcretion 
studies were undertaken, since tlie more easily obtained and negative evidence 
was considered to preclude the necessity for this. No e-Kplanation is oft’ered as 
to why none of the animals showed the rise in serum bilirubin which Goldbloom 
and Gottlieb observed in similar c.xpcriments, and whicli they interpreted as 
e.Kplaining icterus neonatorum. 



2. — Averag'ed responses of 5 siunea pigs bled every forty-eight Jiours, Hemoglobin valiK'S 
were parallel to red blood cell counts. 


This “physiologic” icterus has lu-esented aii interesting problem, beyond 
the scope of the present discussion. Goldhioom and Gottlieb” considered it due 
to increased fragility of infants’ blood, dependent on high per cent of reticulo- 
cytes, which cells they tliought particularly fragile. However, increased fragility 
of the blood of the newborn or of reticuloej'tes was verified neither Whitb}’’,” , 
using precise methods, nor by IMitchell.^^ Tlie latter found bilirubin raised at 
birth and abundant iron in the placenta, but none in the retieulo-endothelial 
system, this iron appearing later. He concluded that the process producing 
biliruhinemia must start before birth. A possible e.xplanation of this process 
is afforded by Barcroft,” who shoAved that fetal hemoglobin has a different 
dissociation curve, with a slightly greater affinity for oxygen than that found 
after birth. This observation is corroborated by chemical analysis and by 
spectroscopy.” A process might occur Avhereby fetal hemoglobin is replaced 
by an adult type, excess iron being eA'entually stored in liver and spleen. 
Waugh, Merchant, and Manghan” have recently reviewed this subject and have 
shown that in the newborn, in whom tliei’e is noianally accelerated blood de- 
struction, there is no correlation between the rate of fall of blood levels and the 
decree of biliruhinemia. They consider their evidence consistent with a hepatic 
ortyin of the icterus. At any rate, icterus neonatorum and normally rapid blood 
destruction in the neAvborn are not examples of a reaction ivhieh in adults might 
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cause bilirubincmiii after previous exposure to low oxygen tension. Acceleration 
of blood destruction or rise in serum bilirubin has not l)een demonstrated in adult 
mammals changed from low to normal oxygen tension. 

COXCLUSIOXS 

In the guinea pig recovery from polycythemia induced by low atmospheric 
pressure appears dependent on subsidence of increased bone marrow activity 
rather than on excess peripheral destruction of erythrocytes. No rise of serum 
bilirubin was found, even in animals in wliich Idood regeneration had been 
altered by bleeding or by special diet while at low oxygen tension. 


REFEREXCES 


1 . Reznikoff, P., Foot, N. C., and Bethea, J. M.: Etiologic and Pathologic Factors in 

Polycythemia Vera, Am. J. Sc. 189; 753, 1935. 

2. Goldbloom, A., and Gottlieb, R.: Studies on Icterus Neonatorum, J. Clin. Investiga- 

tion 8 : 375, 1929. 

3. Krumbhaar, E. B., and Chanutin, A.: Studies on Experimental Plethora in Dogs and 

Rabbits, J. Exper. lied. 35: 847, 1922. 

4. Evelyn, K. A.: A Stabilized Photoelectric Colorimeter IVith Light Filters, J. Biol. 

Chem. 115; 63, 1936. 

.3. Haldane, J. S., and Priestley, J. G.: Respiration, O.xford, 1935, Clarendon Press. 

6 . ilalloy, H. T., and Evelyn, K. A.: The Determination of Bilirubin With the Photo- 

electric Colorimeter, J. Biol. Chem. 119; 481, 1937. 

7. Jacobson, B. 11.: The Response of the Guinea Pig’s Reticulocytes to Substances Ef- 

fective in Pernicious Anemia, J. Clin. Investigation 14: 665, 1935. 

8 . Richardson, A. P., and Dock, W.: Reticulocytogenic Effects of Liver Extract and 

Congo Red in Guinea Pigs Under Reduced Oxygen Tension, Proc. Soc Exner 
Biol. & Wed. 38: 866 , 1938. ^ ' 

9. Gordon, A. S., and Kleinberg, W.: Red Cell and Reticulocyte Counts in Guinea Pigs 

Following Exposure to Low Pressures, Proc. Soc. E.xper. Biol. & Wed. 37: 507, 


10. Tyler, D. B., and Baldwin, F.: Development of Anemias in Rats After E.xposure to 

Low Oxygen Tensions, Proc. Soc. Exper. Biol. & Wed. 31: 823 1933. 

11. Goldbloom, A., and Gottlieb, R.: Icterus Neonatorum, Am. J. Dis^ Child. 38- 57 1909 

12. Whitby, L. E. H.: The Quantitative Estimation of the Fragility of the Red Cornuscles’ 

J. Path. & Bact. 40: 219, 1935. ^ 

13. Witchell, J. W.: The Role of Hemolysis in Jaundice of the New-Born Infmt An, 

J. Dis. Child. 36: 486, 1928. ' • 

14. Barcroft, J.: The Conditions of Foetal Re.spiration, Lancet 2' 10^1 193'* 

15. Waugh, T. R., Werchant, F. T., and Waughan, G. B.: Blood Studie.s on'tho Newborn 

Am. J. W. Sc. 199: 9, 1940. urn uorn. 



TESTS XX PXXXXXPHBXXA. V.SOPXA. 

disease® 

AbraHAJI fi'OOTXICK Mr) r. 

^ I ’II Li fact tJiat 

^ peripheral arterial tree' JiaVlnTlT'*'' «i»nilate organic involvement of tlie 
''>«ng of various tests for ciifl>emrtil;'r I^d to the de- 

peripheral vessels (a pennauent no. t -T narrowing or occlusion of 

^esse^^spasnya transient, reversible change) ^ ^ '«ngc) from narrowing due to 

leasons, but for its prognostic nid’ th merely for diagnostic 

uiyolvement, as in arteriosclerosis iniplieations as well. Organic 

plies a long-drawn, laborious effort to T’ ^"''^““ngiitis obliterans, im- 

lon. The prognosis, even in eases of mo ? ‘ collateral cireula- 

In functional oases, however, tlieZblr f '«^’°lvement, is not too bright, 
m most instances by physical or cliemic-il ^ ®^^'ng vessel spasm can be solved 

le invo vemcnt progressing to the death possibility of 

roachment on vessel lumen co^t to ^a o^o^anic en- 

tJm establish the respective roles of '11”^+ ‘^g^’ccs, and liere the problem 

lee tests here reported on are (11 th nieclianisms. The 

e peiipheral nerve block; and (31 tl^ I'efiex vasodilatation test; 

The thermal reflex vasoflill.T ^ "^^rite test, 

when excessive heat is applied to aZ-t of th 'Tf Physiologic fact that 

a compensatoiy generalised cutaneour^Lch a, . ' ’ attempts, through 

mechanism appears to be a reflex roC " "’ 

fluenee. This vasodilatation, manifested ner.n) vasoconstrictor in- 

perature of the extremities, is measured wflu ^'«^-«on in skin ten- 

Complete vasodilatation under til 1 
to indicate normal patency peripheiml mSdes'^^'^H 
no appreciable organic encroachment on the lump ™ extremity tested, with 
we have fouiid that failure of an extrennV tl sW Ho;ever, 

not invariably due to organic obliterative involveinenf”^^^^"''*^ vasodilatation is 
of a degree of vasoconstrictor tone (spasm) so hiV?, expression 

IS not sufficient to undo it. Every such faiiin-e in“n thermal stimulus 

vessel spasm is, of course, a mark against the reSblfrel^l 

Peripheral nerve block is a direct attack on the I * thermal test, 
the foot or hand, aiming at local vasodilatation innervation of 

po^or tibial nerve at the ankle and the common ^^^vemity tlie 

i^t?10IlCai I16l»VP af +1-. ... 1 

♦From the Department of Peripheral Va.-nmlar Di.!ea-=e<i r 
R eceived for publication, May 8. iwi. - - -. Bronx Hospital. 
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of the fibula arc blocked with novocain. In the upper extremity the median 
nerve at the wrist and the ulnar nerve at the elbow are similarly blocked. The 
resulting abolition of sympathetic control manifests itself in vasodilatation 
distal to the level of block, and tlic rise in skin temperature is again measured 
as in the thermal test. 

The sodium nitrite tcst= exploits the well-known relaxing effect of nitrites 
on the smooth muscle of peripheral blood vessels generally. The dose of sodium 
nitrite given intravenously is kept small enough to obviate any secondary A’aso- 
constrictor manifestations: 1 c.e. of 4 per cent sodium nitrite for the adult 
of average size. The major peripheral effect in this test is not an increase in 
blood flow, as in the thennal test and in peripheral nerve block, but an increase 
in pulsating volume of the limb, and a pooling of blood in the venocapillary 
bed.- There is thus no rise in skin temperature suitable for thermocouple de- 
terminations. The effect is tested with the oscillometer, which records the 
increased amplitude of pulsation when this occurs. The increase in oscillations 
is taken as a measure of the degree of spasm present before the test, and the 
failure of oscillations to increase indicates advanced organic involvement, with 
little or no coexisting vessel spasm. 

The object of this study was to investigate the capacity of each of these 
three procedures to abolish vessel spasm and to induce in the limbs tested the 
maximal vasodilatation of which they were capable. "We wished to establish the 
relative dependability of these tests as indicators of ve.ssel .spasm, and hence to 
derive definite impressions of the place of these tests in the study of peripheral 
vascular disease. 

Our clinical material included 75 patients with a variety of peripheral 
vascular disorders. Each of these patients, in addition to a clinical estimate of 
his peripheral vascular status, was subjected to at least two of the foregoing tests 
one or more times. The clinical evaluation was arrived at on the basis of a 
complete history and physical examination, and a comprehensive examination 
of the extremities, including observations on rubor, pallor, temperature, pe- 
ripheral pulse.s, nutritional change.s, oscillometric determinations, claudication 
studies, and x-rays. The eases were, with few exceptions, reviewed at staff 
conferences, so that the clinical classification represented the consensus of the 
clinical staff. 


In correlating with these clinical findings the results of the thermal, nerve 
block, and nitrite tests, Ave have found etiologic distinctions alone unsatisfaetorv. 
We have grouped the patients on the basis of the degree of vascular impair- 
ment," since the value of these tests lies not in differentiating between the 
various peripheral vascular ailments, but in indicating the latent vascular re- 
serve of the patient. 


Of the 75 patients included in this study, 15 Avere in the IIA .Toup i e 
they had organic involvement with minimal sjTnptoms, Asdth varjdn- deUee^ 
of associated vessel spasm; 32 were in the IIB group, i.e., they had more 
advanced organic involvement Aiith moderate s.ATuptoms, but were short of onen 
lesions or gangrene; 28 were in the functional gi-oup (cla.ss IV) " with normal 
vascular reserve and no demonstrable organic disease. In the latter -ronn 
.symptoms Avere entirely due to A’essel spa.sm. ^ 
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Table I represents in suniinary the relative deiicndability of the three tests. 
Of 35 thermal tests done on patients in tlie functional group, only 11 revealed 
the full degree of the vascular reserve in the limbs tested. Twenty-four of the 
35 thermal tests (69 per cent) failed to induce the maximal vasodilatation which 
was attained in response to other test.s. Thus, in one patient after another 
whose symptoms, from a clinical viewpoint, seemed due .solely to vaso.spasm, 
reliance on the thermal test alone would have led to the wrong conclusion that 
organic vascular disease ^vas present. 


Tabce I 
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It may be seen at a glance that the best showing of the thermal test was 
in the group IIB cases. In this group patients with advanced organic oli* 
struetioii of vessels showed a minimal capacity for vasodilatation to begin with, 
and hence the inconstancy of the thei’mal stimulus to release spasm is obscured. 
In the IIA and functional group.s, however, this weakness of the thermal test 
becomes conspicuous. For patients in the.se groups latent capacity for vasodilata- 
tion is high, and inadequate response to the thermal test repeatedly was followed 
by complete, or almost complete, vasodilatation after peripheral neiwe block. 

The reliability of the nitrite test paralleled roughly that of the thermal test 
in the IIB group, but ivas comsiderably ahead of the thermal test in the func- 
tional group. The greater incidence of failure in the subjects wuth advanced 
organic involvement may be due to the fact that the nitrite test measures 
increase in pulsating volume; and sclerotic, rigid, inelastic vessels are less 
capable of enhanced pulsation than the structurally normal arteries of the 
functional cases. In cases witli no organic disease, where spasm alone was 
the cause of symptoms, the nitrite test -was more dependable, and gave accurate 
indication of the actual vascular reserve in 70 per cent of cases. 

Peripheral nerve block, properly performed and eonfii-raed bj' the develop- 
ment of anesthesia or paralysis along the distribution of the nerves, was, in our 
experience, by far the most accurate and dependable test for vasospasm. With 
the exception of only one ease, we found no instance wdiei-e vasodilatation in 
response to any other measure exceeded the vasodilatation followung nerve block. 

Table II represents the results in a number of patients, each of whom w'as 
subjected to thermal test and nerve block done in a parallel fashion, i.e., rmder 
similar conditions and wdthin several days of each other, to obviate the pos- 
sibility of a change in vascular status betw'een tests. Again, whereas the 
thermal test was accurate in only 30 per cent of the functional eases, and in 
46 per cent of the IIB eases, nerve block was almost unfailingly eflfeetive in 
inducing the maximal vasodilatation possible in the limb tested. 
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Tahi-k II 
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13 
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111 Talile III are summarizetl pavallel studies of nitrite test and nerve block. 
The results once again confirm the consistent accuracy of peripheral nerve block. 

Table III 
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Table IV shows the results of thermal and nitrite test studies done in 
parallel manner. While in the patients with organic damage the nitrite test 
falls below the thermal test in dependability, it is approximately twice as 
accurate as the thermal test in functional cases. 

Table IV 



NO. OP 
PARALLEL 
STUDIES 

1 THERMAL ] 

1 nitrite 

GROUP 
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81 
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10 
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SUMMARY 

In the study of the patient who presents himself with symptoms referable 
to the peripheral arterial tree, all three tests discussed have a place. The place 
for each is indicated in the results we have summarized in the aceompanyino- 
tables. 

Sodium nitrite injected intravenously and the hot water bath are both 
useful as preliminary tests for vasospasm. Of the two, the thermal test is 
better suited to patients with organic vascular involvement when we wish to 
discover tlie degree of associated vessel spasm. In patients who give the clinical 
impression of nonorganie vasospastic involvement the nitrite test is considerably 
more dependable. It is also more feasible for patients prone to syncope in a 
hot bath. 

In our clinic a patient wliose vasodilatation in response to either of these 
tests reaches normal values is then regarded as possessing normal vascular 
reserve. Those who respond to either of these tests with subnormal vaso 
dilatation are then tested with peripheral nerve block. The advantao-e of this 
scheme is that in a considerable proportion of patients a simple, nonmanipula 
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tivc procedure serves ade((njde]y to reveal tlie iiifeiisity of spasm and tlic vascular 
reserve of the limb in question. Nerve block is re.serveil a.s the test of last appeal 
for those patients in wlioin either the tJiernial stimulus or the sodium nitrite 
failed to induce full.y normal vasodilatation. 

We ii’lsii to acknoM'JoUfie t/io yartfclpatlon of Ur. .Vliriilinin Kaliune ami Dr. Abraham Katz 
in the performance of the tests UescribeU. 
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PRIl\fARY AiMYLOIDOSIS OF THE JAINGS® 


S. ^Y. Sappingtox, jM.D., John H. Davie, M.D., axo J. Arthur Horn'efp, ibD. 

Philadelphu, P.\. 


A MY^LOID disease, as is well Inioivii, usually follows certain chronic diseases, 
such as tuberculosis, and is characterized by massive and easily recognized 
lesions of the spleen, liver, kidneys, and adrenal glands. This is the secondary 
and typic form. It is less well knowi that there are rave, atypic, so-called 
primary foi'ms of tliis disease which are seldom recognized clinically. The criteria 
for this ati'pic group were pointed out by Lubarselp and are (1) Almost complete 
absence of amyloid in organs most involved in typie amyloidosis, such as spleen, 
liver, and kidneys. (2) Presence of anijdoid in organs and parts not usually 
involved, such as heart, lungs, and sldn. (3) The occasional occurrence of tumor- 
like nodules of amyloid. (4) The frequent failure of the deposits to react to 
the specific stains or tests for amyloid. (5) The absence of a preceding or con- 
comitant disease to which the presence of amyloid may be ascribed. The ease 
report herewitli cited is an excellent example of tJie primary or atypic form and 
illustrates the lack of clinical awareness of this condition. 

REPORT OF CASE 

The patient was a woman, aged 51 years, who had three outstanding complaints : extreme 
fatigue on the least exertion, dyspnea even at rest, and upper abdominal distress. 

~ ^rom the Department of Pathology, Hahnemann Medical College and Hospital, piiila- 

delphia, n no.*! 

Received for publication, Ma> 9, 1941. 
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Her family history was unimportant. She had had no chronic illness of any .sort or 
any previous serious acute illness. She had no peculiarities of appetite, and no drug h.ibits. 
She at no time had any .symptoms referable to her tongue. In 1925 she had a tonsillectomy. 
In 1927 she received radium treatment for uterine fibroid. Menstruation continued until 


19.15. 

Three years ago she noticed some thickening of the eyelids, and subsequently a similar 
condition involving the external auditory canal. Next there was thickening of the .“kin in 
the groin, which extended down to the vulva and rectum. In September, 1939, she was 
treated by a physician for arthritis involving the right knee and received four infections of 
lipoid iodine solution into the joint. Since April, 1910, she suffered from incre.a.sing dyspnea, 
and until near her death she was quite dy.spncic when at rest in bed. She was ho.spitalized 
in September, 1940, for a study of the skin lesions. In the ho.=pital these le.sions were ob- 
served as yellowish brown elevations or infiltrations involving both upper and lower eye- 
lids on both sides; as yellowish brown thickenings narrowing the lumina of the auditory 
canals almost to complete closure; and in the groins, not as nodular or glandular enlarge- 
ments, but as wide areas of infiltration extending around to the rectum. The dermatologist 
made a diagnosis of xanthoma, and a biop.sy was done on the eyelid and groin lesions. Tlie 
pathologic report on these tissues was not definite. It was stated “that the tissue was 
probably originally xanthomatous but did not show that condition clearly now.” The hyaline 
or homogeneous appearance of the subcpidermal tissue in both eyelid and groin tissues 
was noted, but the real condition was not recognized. In October, 1939, a biopsy wa.s 
done on the occluding le.sion of the car canal. The pathologist who examined the specimen 
also consulted a dermatologic pathologi.st on the diagnosis, and the joint opinion wa.s colloid 
degeneration of the .«kin. 

In the interval between April, 1940, and January, 1941, the patient consulted many 
physicians without diagnostic satisfaction, though she was assured she had no heart trouble. 
She became steadily worse, and a nonproductive cough was added to her increasing dyspnea. 
She was again hospitalized on Jan. 14, 1941, when the following data were recorded: 

The patient was a large woman, about 6 feet tall, weighing over 200 pounds. She 
e.vhibited no cyanosis or jaundice, hut was patently dyspneic at rest. She presented a pale 
and waxy appearance, with some swelling of the feet. Her mouth was clean and her teeth 
were good. Her tongue was moist and subjectively and objectively negative. Her heart 
sounds were weak but regular, and no murmur was detected. The .systolic pressure was 
134 mm. but the diastolic pressure could not be satisfactorily road. The electrocardiogram 
showed coronary T-waves in Leads I and II. Ho rales or other abnormalities were detected 
over the lungs. The roentgenogram showed some enlargement of the cardiovascular sil- 
houette, and the lung fields were indefinitely hazy. There was some tenderne.ss over the gall 
bladder and duodenum, but the liver and spleen were not palpable and there was no ab- 
dominal mass. The urine on all occasions showed considerable albumin and hyaline and 
granular casts. Urinary concentration was good. The hemoglobin was 12.8 Gm. the red 
blood cell count was 4,160,000, and the white blood cell count was 6,900. The differential 
count was normal. Blood sugar was 103 mg., blood urea 14 mg., blood creatinine 1.2 mg. and 
cholesterol 187 mg. The IVassermann and Kahn tests were negative. ’ 

After five days in the hospital the patient died suddenly and quietly without fever rise 
of pulse rate, or signs of heart failure. ’ 

Autopsy.— Body that of an obese, white female of about 50 years. Hodular infiltra- 
tions of eyelids and groins, and slight edema of lower extremities, were noted. 


The pericardium was normal in appearance. The heart was generally enlarged wei-h 
ing 510 Gm There was moderate hypertrophy of both ventricles, the left ventricle niLsurTn-^ 
18 mm. and the right 8 mm in thickness. Otherwise auricles and ventricles appeared norZf 
There was no searrmg grossly apparent, and there was no stiffening or fixatio^of the 00 X 0 ' 
lar walls. The orifices and valves were normal. Tlie coronarv 1 . , a^ncu- 

.sclerosis but no occlusion. The ascending portion of tlm t'l - * ‘owed some athero- 

atheromatous change; the abdominal aorta e.xliibited a moderatXm'ount”'^*'' minimal 
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Tlie lungs, in situ jind on roinoval from the body, presented an expanded appearance 
without any tendency to tlie usual post-mortem collapse. The riglit lung weighed 860 Gnu 
and the left lung 8J0 Gni. They were dry, pinkish in color, and showed no focal changes, 
no areas of pneumonic consolidation or tubereulosi.s, and no edema. The cut surface had a 
fine honeycombed appearance, tlie empty alveoli remaining expanded. In appearance and 
consistency the lungs resembled a fine rubber sponge. Pleural cavities were normal. Tracheal 
and bronchial pas.sages were free. 

The .spleen (150 Dm.) and the liver (1,810 Gm.) were without noteworthy gro.ss changes. 
The gall bladder and duct.s were normal. The pancreas was unchanged. The adrenal ghinds 
were apparently normal. The kidncy.s were embedded in considerable fat, each weighing 
100 Gm. and showing some surface-pitting. The capsules stripped easily, revealing slight 
granularity. On section the corte.v-medulla ratio was about normal. Ko abnormal find- 
ings were noted in the ureters or bladder. The uterus presented on the po.stcrior surface 
a subscrous fibroid, l.S em. in diameter; uterine cavity and ccrvi.x showed no .special clwngo. 
Tubes and ovaries were unnoteworthy. Esophagim, stomach, and intestines gave neg.ative 
findings, e.xeept a segment, about 100 em. proximal to the ileocecal valve, which e.xhibited 
a peculiar honey-brown color not due to fecal .staining or circulatory block, and not explained 
by observation of the opened gut. 



B’ig. 1.— Amyloiil inflUration of arteries of a, liver ; l», uterus ; c, adventitia of aorta ; d, lieart. 

2Iicioscopic Examination . — The finding.s with the e.xception of the amyloid change 
were insignificant, and will only be mentioned incidentally in discussing in detail tlie more 
important amyloidosis. Sections were stained with hemato.xylin and oosin, JIallory’s con- 
nective tissue stain, Weigert’s elastic stain and van Gieson, Congo red and methyl violet, 
and Sudan III. 

The liver was normal, except for amyloid infiltration involving branches of the hepatic 
artery; these were uniformly amyloid throughout. The hyaline appearance of the arteric.s 
was in contrast to tlie branches of the portal vein whicli were entirely uninvolved (Fig. I")- 
In the spleen the pulp was congested, and the ilalpighian follicle.s were inconspicuous. The 
amyloid change here was the slightest, and consisted only of partial involvement of the 
central arterioles of the follicles; even these responded poorly to tlie Congo red and methyl 
violet stains. The pancreas showed no amyloid whatever in the vessels or elsewhere. The 
kidneys likewise contained no amyloid in any part of many sections e.vamined. There was 
a minimum amount of cortical sclerosis and moderate congestion of the glomerular and 
intertubular capillaries, but no capsular thickening and no hy.alinization of the arterioles. 
There was some degeneration of the tubular epithelium, but no fat reaction with Sudan III. 
There was slight proliferation of the endothelium of the glomerular capillaries. Sections 
of the intestine from the discolored segments showed necrosis involving the entire wall. 
The mucosa presented only smudged shadows of the epithelium and lymphoid tissue. TITe 
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Fig. 2.— Amyloid infiltration of the pulmonary alveoli. 

1 .0,1 ovtrpme amyloidosis. In addition to the practically universal in- 

The and veins there was almost complete amyloid infiltration of the 

volvement of - thickening of the vessel walls thus induced reduced the 

alveolar "-alls Fig.^-)^ ^ 

lumen marke J ^rpsumablv related to the capillary wall, but the thickening was relatively 
alveolar walls enlargements so numerous, that fine distinctions could not be 

so grea , , conceive of much function in lungs so altered. The bronchioles were 

made. is epithelial cells desquamated and lumina compressed by the swelling 

r^. SI. TU.,. «A. no .n U,. b.on.Gn. .onlU, In .,„ ,„v 

fipl, 1 where the alveolar walls showed little amyloid, the alveolar spaces contained monocytic 
1 hut there was no inflammatory' exudate or edema. The only demonstrable lesion in 
the lumrs was amyloidosis, and this was diffuse and almost complete. The response to 
n.iphl Ltaius fCon"0 red and methyl violet) was perfect. 

I ctions of°the various organs stained with IVeigert’s elastic stain, it was noted 
^Ite'^rf amvloid formation was apparently primarily the media, later extending to 
that le s vessels of the uterus and lungs. The intimal involvement 

the intima. while tlie medial lesions thickened the wall and distended the 

tended to close the lumen, wu.it 

adventitia but did not seem to involve it. , , i , a , 

When the nature of lesions in this case was apparent, we looked for, and fortunately 
able to find, the paraffin blocks made from the biopsies of the eyelid and groin done 
'"^"^r months previously. Sections of the .skin of the eyelid showed a thin epidermal layer, 
nd immediately beneath it and extending tlirough the entire section clumps and masses 
of tissue containing one or more vessels of capillary or precapillary size. These tissue 
masses looked like hyalinized or relatively acellular fibrous tissue, but they took the amyloid 
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stains tUvoughout (Fig. -la). The ve.ssel walla diil not take any amyloid .slain. A .similar 
appearance .and reaction wa.s Doled in the .seclion.s of (lie skin of llie groin. In one field of 
thc.s'O soction.s aero arteriolo.s, .showing hyalf)iized walks (piitc like tho.so in the saina vcf.sels 
in the viscera. These ves-sels^ however, did not give the ainyloid reaction as did the extra- 
vascular homogeneous ti.ssuc in the eyelid sections (Fig. -Ih), 



Fiff. 3. — Amj-Iouloals of tlie pulmonary vessels. Xote Wie marked narrowing of tire lumen. 



Wjr, 4 —a Skin ot eyelid showing ainyloid in coriuin and subcutaneous tissues, h. Skin of groin 
' showing liyalinizatlon ot vessel walls and amyloid of tlie mesodermal tissues. 

The final pathologic diagnosis was primary sysfeniie amyloidosis with niaxiinum cou- 
centration in the lungs, moderate involvement of the skin, and involvement limited to the 
small and medium-.sized arteries sy.steraieally. Aloderate cardiac hypertrophy. 

COMMEXT 

Here is a case of primary amyloidosis with lesions in the lung- quite as great 
quantitatively as those found in a tuberculous or pneumonic infeetion of the 
oi-o-an and yet unrecognized clinically as have been the great majority of atypie 
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uinyloklo.sc.s in Ihc past. Tlic I'ailiu’i! ot the clinical diagnosis in this condition is 
lu’olmhiy (Icpendent upon (a) the retention of the old conception of amyloid dis- 
ease as exclusively a secondary condition with ina.ssivc lesions in the spleen and 
liver; (b) the rarity of the atypie forms; (e) the variations in the dominant 
lesions and consecpient clinical phenomena in primary amj'loidosis; (d) un- 
familiarity with diagnostic leads, such as the condition of the tongue; (e) the 
failure to be amyloid conscious with respect to skin lesions. 

The rarity of primarj' amyloidosis is indicated in RciniannV statement in 
1935 that up to that time about 35 cases had been reported. Reimann’s case, 
reported at that time, is apparently the first to be diagnosed clinically. Of these 
35 cases, 17 were systemic Avith general distribution of the amyloid; the remain- 
ing were primary, with the localization of the amyloid largely in one or two 
organs. Using this classification, Koletsky and Steelier^ in 1939 were able to find 
only 23 cases of primary systemic amyloidosis in the literature, and added one of 
their own. ilost of the eases have been reported since 1929, when Lubarseh’s^ 
article aroused interest in the condition. Very few of them have been reported 
in medical journals dealing with general or internal medicine; most of them 
have appeared in publications devoted to pathology or dermatologj", all of Avhich 
helps to account for the general unfamiliarity with the subject. Atypie or 
primary amyloidosis should not be confused with eases of secondary amyloid 
. presenting lesions in imusual situations, as in multiple myeloma. Nor should 
cases of atypie amyloidosis be considered good examples of the primary form 
when presenting massum lesions of the spleen, liver, or kidneys, in addition to 
deposits elsewhere. 

In the cases of primary localized amyloidosis there is considerable variation 
in the distribution of the amyloid deposit, so that the concentration may be 
dominant in one or two organs or parts, such as the tongue, heart, skin or lun<^s 
and less frequently in the gastrointestinal tract, female genitals, joints muscle 
bone marrow, or even the nervous system. Though such cases are reported as 
atypie, local, or primary amyloidosis of the heart,^ lung,= skin," or tongue,' there 
may he actually a systemic or diffuse distribution of amyloid scant enough in 
other parts to be only recognized by the microscope, as in the case reported\ere. 
Few cases in the literature show the dominant pulmonary lesion seen in our 
case. In either the local or systemic form of primary amyloidosis the tissue 
affected is mesodermal and usually intimately related to the vascular system 
Primary amyloidosis is slowly coming into recognition as a clinical entity, 
and ante-mortem diagnoses of the condition, noAV relatively few, may be in' 
creased by attention to certain clinical phenomena. Unexplained fati-^ue and 
dyspnea are common nonspecific symptoms marked in major involvement of the 
heart or lungs. Gastrointestinal complaints may actually be amyloid in nature 
as may be joint symptoms. The leads wliicli may indicate the .specificity of 
oti.er symploms and make file diagnosis imssible are found in the tonmie and 


of u,0 10.,S>,0 k „„c ot tl,o moa common m.d mosl sno-estive 
Signs of atypie amyloidosis. Ihis organ was the seat of amvloid ria 
20 0 . 24 caoco , ■.ported It.v Kol.tolt, n„d Stool, of,. The Z 
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so great as to cause (ly.si)lioiiia and dysphagia, and even lead to the tliagnosw 
of malignancy, as in one ot Luharscli 's' cases wliicli was diagnosed as earcinoina 
ol the tongue. In Cicrstel s' case the swelling was so great tliat the patient 
ton d not close her moutli, and .sarcoma of tlie longue was suspected. Wam-n,'' 
m a discussion of ii case re])orled by llobert.son and Brunsting,“‘ cites two eases 
and slates that the patients in botii instances eoini)]ained tliat tlieir tongues 
^^cle too large for their nioutlis and tliat they had difficulty iii swallowing, 
leii tongues had the characteristic rubber feel of amyloid spleen or liver, 
alien iias able to make a diagnosis in the second case from the tongue lesion. 
Ihe pait ma_\ be deeply inrrowed and fissured. Our patient made no coni- 
p amt at aii.v time relerable to the tongue, and we unfortunately did not e.x- 
amme tongue sections after deatli. It is not unlikely that had we done so we 
"ou lave found amjloid. lIobert.son and Brunsting's'*’ case did not have 
s\mptoms referable to the tongue, but .showed amyloid involvement post mortem. 

Amyloid lesions of the skin are not as common as those of the tongue, and 
amj 01 svin lesions may be of the inirely local type and not indicative of 
sjstemie amyloidosis. Seliilder" examined post mortem the skin of 14 patients 
Showing aclvancecl secondary amyloidosis and was able to demonstrate amyloid 
eposits in seven, including amyloid lesions in the sweat and sebaceous glands. 
Ihe skin, however, showed no clinical change. Wlien a ease presents an obscure 
elmieal complex and skin lesions are found, tliey may be of the utmost diagnostic 
importaiiee, especially m conjunction with tongue symptoms. Amyloid skin 
esions are deserilied'- as small papules, yellowish, yellowish brown,’ or brown 
ni appearance. In our ease diey were yellowish brown and somewhat nodular. 

iiijec ion 0 oiigo lecl intravenoush’ in cases of priiiiarv amyloidosis has 

n The test was negative in’ the kases of von 

Bonsdorft Reimann,- and Noniland.« NomlaiuB lias injected Congo red sub- 
cutaneoush or iiitraeutaneously in the region of the lesions with success, and 
ns results have been confirmed by Robertson and Brunsting,'" and Philpott 
and Freshman.” Irr sudr injections the first diffuse red staining of the skin and 
lesrons later fades, leavrng the amyloid lesions a rose red, and this rnav persist 
fm- days or even months. The specific staining of the amyloid lesimrs with 
Congo red was later pr-oved by biopsy nr Nomlaiid's^ ease. Tliis test, if reliable, 
should prove of great diagnostic value. 

Finally, the diagnosis may be definitely made by biopsv of tlie skin or 
glossal lesions. Such sections usually give typic amyloid reactions with metlivl 
violet and other specific stains. The importance of the amvioid-conseious state 
in such examinations is evident, however, as is seen bv the failure of three 
patliologists to recognize tlie amyloid in our ease, and the fact that the amvloid 
nature of the sections was not realized in Koletskv’s and Steelier nniil 
the third biopsy had been done. 


SUMAIARY 

A case of primary amyloidosis is reported in whieli tlie distribution of 
amyloid was systemic but massive only in the lungs, and to some extent tlie 
skin. The condition is rare and is seldom diagnosed clinically. The diagnostic 
importance of lesions of the tongue and skin is stressed. 
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EXPERBIENTAI.LY INDUCED HEMATOPOIESIS IN ANEMIC 

RABBITS" 


Haroi.d (tordon, ^I.S., jM.D., F.A.C.P., Ciiarm:.s II. Crl-ddkn, A.B., A.^I., Ph.D., 
AXD Authitr Iv. IjA.Min-ox, A.B., M.S., Lout.svu.i.K, Ivy. 


H EMORRIIAOE is a well-reeoj'nizcd .stimulus ol )icmalopoie.si.s. The fol- 
lowing experiment was accordingly devised to determine whetlier or not 
postliemorrhagic hematopoiesis is due to a stimulant circulating in the blood 
of animals subjected to a single large liemori'hagc. 

•UATKRIAL AXD MKTIIOD.S 

Fifteen healthy rabbits of comjjarablc age and weight were kept undei 
observation for a week or longer. During this time three or four determina- 
tions were made of their erythrocyte and leucocj'te counts and hemoglobin per- 
eezitage.s. These varied only .slightly and wcj’e ivithin the accepted limits of 
normal.* The average of the values obtained for each rabbit was accordingly 
accepted as the “izormal” for that animal. Following this preliminary period 
of observation, the rabbits were rendered anemic by removing blood from the 
heart. The erythrocyte and hemoglobin \’alues in each case were reduced as 
rapidly as possible to about 60 loci- cent of the normal, and maintained by re- 
peated bleeding at approximately this level for variable periods. The amount 
of blood removed and the freciuency of bleeding vazled considerably^ the 
erythrocyte counts and hemoglobin valzic being the sole determining faetors 
in each case. After the aneznia Inzd beezi znaintained for ten to fourteen days, 
the animals were divided izito three groups, as follows: (1) A control group, 
comprising 4 rabbits, received no ti-ansfusions. (2) A second control group 
of 5 rabbits received trazisfusions intravenously^ M-ith blood removed by cardiac 
puncture under sterile conditions from healthy rabbits. (3) A group of 6 
rabbits received transfusions from “prepared” donors. Preparation of the 
donors consisted of prelimiziaiy bleeding in order to stimulate hematopoiesis. 
The bleeding was performed by cardiac puncture, from 15 to 20 c.c. of blood 
being removed by a single puncture, about three to five days before it was 
planned to use the blood of these z-abbits for tz-ansfusion purposes. The re- 
sulting degree of hematopoietic stimnlation was judged by repeated reticuloeyde 
counts. Blood was removed from the stimulated donors by^ cardiac puneture 
and izijeeted intraveziously into the aneznie rabbits when the reticuloeyde re- 
sponse of the donors was judged to be at its peak. (Subsequent reticulocyte 
counts on the stiimilated donors showed that the peak was judged correctly in 
all but one instance. The dozior in this case showed a moderate increase of its 

^rom tlie Department of Pathologj-. ScliooZ of Aledicine. tTniversity of I^ouisville. Louis- 
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rcticuloeytc.s the duy after its blood was used for transfusion.) A distinct 
retieuloeyto-sis oceurred in all the prepared donons. Determinations were 
made of the reticulocytes, crytlu'oeytes, leucocytes, and hemoglobin at fre- 
quent intervals until the erythrocyte count.s were at or above nomal. 

All the rabbits used in this experiment received the same general care. 
They ivcrc housed in ivell-aivcd metal cages in a large, well-ventilated animal 
room, and allowed a balanced commercial ration and water ad libitum. 


Tabi.e I 


Summakv or Krrr.cT.s os Ebvtuuocvtes and IlEiiooi.onis or Rabhit.s Co.mpohiso Three 

Exvv.buik.stae Grooi’S 




1 IlAIilUTK GIVKK TI:aX.S- 

FUSIO.VS >'K03t 


J CO.STROLS 

j IIKALTUY ' 
DONOKS 1 

PREPARED 

DON'OnS 

0)1 Erythrocyten 


■■■■■■ 


Number of anin)al.s 



6.0 

Average duration, of anemia, days* 



11.5 

Average degree of anemia, per centi 

Average total amount of blood removed, e.c. 



00.0 


140.0 1 

185.0 

Average amount of blood transfu.scd, e.c. 


1 38.0 

33.0 

Average recovery time, dayst 

18.0 

10.8 

8.0 

On nemooloiin 




Number of animals 

S.O'i 

.3.01) 

5.0= 

Average duration of hemoglobincmia, days 1 

10.3 

14.0 

10.6 

Average degree of Hb. deficiency, per centi ' 

til.O 

08.0 

63.0 

Average total amount of blood removed, c.e. 

175.0 

152.0 

177.0 

Average amount of blood transfused, c.e. 


46.0 

37.0 

Average recovery time, dayst 

19.3 

9.0 1 

0.8 


during which there was a severe dencioncy of crythrocyte.s and hcmoglohln. — .>» 

tThe average degree of anemia was computed by determining the period during which 
each animal showed its moat severe erythrocyte and hemoglobin deficiency. ""‘oo 

IThc average recovery period represchCs the time taken for the restoration of the erythro- 
cyte.s and hemoglobin to normal values. eiyuiro 

‘One control rabbit died before the cr> throcyte count and hemoglobin returned to normal 
and is, therefore, not included in the summary. lo nunjiai 

»The hemoglobin of two rabbits In thi.s group remained subnormal during the experi- 
mental period. They are omitted from the summary. b <=■ i-xpej-i 

‘■One rabbit in this group still had a hcmoglobinemia wlien the experiment wa,s di.scon- 
It in not fncluded in the* sumniary. 


RESUIA’H 


The individual protocols are illustrated graphically in Charts 1 to 6. Tlicse 
show the amount of blood removed, the resultant degree of anemia, the amount 
of blood tran-sfused, and the recovery period for each rabbit. The untransfused 
control group recovered very slowly and imperfectly, as judged by both the 
erythrocyte and hemoglobin determinations. One animal in this group died 
six days after the last bleeding. The day before death its erythrocyte count 
was still only 40 per cent of the pre-expcrimental level. At autopsy it showed 
severe anemia, dehydration, and emaciation. Another rabbit in this group re- 
(luired a month for tlie restoration of its erythrocyte count to normal Durin'^ 
all this time it was in poor condition. The remaining two in this group recov 
ered in ten and sixteen days, re.spectively. It is interesting that neither the 
total amount of blood removed nor the frequency of bleeding influenced do 
vlsivejy the time re<|iured for reeovexy since ilubbit No. 114 recovered the most 
rapidly, m spite ot having been bled more severely than any of the oTher 








S92 


THE JOURNAL OE LAUOHATORY AND CLINICAL MEDICINE 


Chart 


Chart 



iiiia 



BAVSO i 10 13 !0 £* JO 3J 40 



OaYS 0 5 io IS 2^ ^5 39 35 40 


0 5 to H 20 25 



1 1,1 1 1,111 

0 S 10 15 £9 2S JO J9 


1. — Control group, not given transfusions. Erytlirocytc counts, oxpresscii in perccntass 
of the normal. Arrows pointing Jownwartl represent bleoiling from tiio licart. 
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r'nntrnl .-lout) not given transfusions. Hemoglobin, e.vpressed in percentage of Uie 
"^normalT Arrows pointing downward represent bleeding from the heart 
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Cliart 5. — Experimental group, given transfusions from “prepared" donors. Erythrocyte 
counts, expressed in percentage of the normal. Arrows pointing downward represent bleeding 
from the heart Arrows pointing upward repre.sent intravenous transfusion. 
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R ■MvDPrimentai group, given transfusions from “prepared" donors. Hemoglobin. 
®o^MntlSe of the norroai: Arrows pointing downward represent bleeding from tlie 
hSrt ArSws PoTntlfl upward represent intravenous transfusion. 
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rabbits iu this group. Tliis u-as true with rc.spect lo the restoration of 

erythrocyte and the hcmogloiiin Yakuts The 
roup was eigliteeu days for the erythrocytes, and 19.3 dajs lor 

The second control group, transfused from Wealthy donox-s 
rapidly than the group receiving only routine care Table I). The mytbi 
evte rccoveiw period for all 5 rabbits composing this group averaged lO.S 
dal^ recovery being uninterrupted. The immediate hemoglobin recovery 
period was complete in only 3 of the 5 animals composing ^ijoup and avei ^ 
!<^ed nine days. All 5 survived the experiment and showed definite climcal 
improvement the day after one transfusion, whh complete clinical recovery 
within a week after the termination of the experiment. 

The rabbits transfused from stimulated donors recovered in an average of 
ei-M days witli respect to tiieir erythrocyte counts. All but one showed a sat- 
isfactory restoration of the hemoglobin content of the red blood cells within an 
average period of 6.8 days. The clinical recovery of tlie rabbits m this gi'oup 
was slightly more prompt than tliat of the group transfused from healthy 

donors. 

The reticulocyte counts of all rabbits varied considerably. In general, 
there was a distinct retieulocytosis in all rabbits after the first bleeding. This 
declined irregularly after the third or fourth hemorrhage. A secondary in- 
crease in the reticulocytes appeared in all three groups when the bleeding was 
discontinued, although it was later in the untransfused group than in the two 
transfused groups. No significant difference in the degree or in the prompt- 
ness of this*’ secondary retieulocytosis was noted in the two transfused groups. 

COJniENT 


The number of animals used is too small to permit the drawing of sweeping 
conclusions. There is justification for the general statement that the' rabbits 
receiving blood from stimulated donors recovered more rapidly and satisfac- 
torily tLn either of the control groups. This is borne out both by the data 
summarized in Table I and by the clinical behavior of the animals. The two 
‘'roups receiving transfusions gained weight and strength much more rapidly 
than the gronp^’receiving only routine care, and the group given transfusions 
from prepared donors improved more rapidly than the group given transfusions 
from healthy donors. There Avas some parallel in the restoration of the erythro- 
cytes and that of the hemoglobin, but the restoration of the latter, rvith re- 
spect to the individual animals in each group, was less constant and returned 
more sIoAvIy to normal levels. 

The ciuestlon arises whether the erythrocytes of tlie “stimulated doirors,” 
being relatively young, may have been more viable than those of the healthy 
donors, thus accounting to some extent for the more rapid recovery of the rab- 
bits in the one group. This does not seem a reasonable explanation, because 
the total amount of blood injected was comparatix^ely small. Furthermore, the 
three rabbits in this group receiving only one transfusion recovered about as 
promptly as the three rabbits given transfusions on two occasions. 
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li, niity ii]i})caz’ unoiuuhaa thnt a !iomnloi>oiotic .sfiinulaiit wis apparently 
not iorjiiei] in the rabbits ivndeivcl anemu: by repeated Idcoding. However, 
it is a vvell-confiz'nied observation in man that repeated Jieniorrliages are vmac- 
coinpanied by evidences of rcgeneratiozi of erythrocytes, whereas a single 
hemorrhage is succeeded by evidences of erythropoiesis (retieuloeytosis and 
polyehromatophilia). The reason for this is not evident. It is worth emphasis 
that the bone marro\v of rabbits has an enormous “reserve," as judged by the 
large number of fat cells zjornially present in rabbit bone marrow.- These, 
presumably, are capable of metaplasizi with transformation into hematopoietic 
foci. 

Additional experiments along similar lines have been planned. The pres- 
ent experiment is being I'cported now because it is felt that clinical applica- 
tion may be made of the method of “donor stimulation”; tiiat is, both on 
theoretical and c.xpcrimenfal grounds, the eonehisioji seems justified that 
blood from human donors, shortly after a .small phlebotomy, may act as a 
hematopoietic stimulant if adniinistereel to patients with liypoplastic, aplastic, 
or “refi-aetory” anemia. 

SUMMARY 

1. Fifteen rabbits I'endered anomie by repeated bleeding from the heart 
were divided into three groups. 

2. One group received only routine care, A second group received routine 
care and intravenous transfusions from healthy donors. The third group was 
given routine care plus intravenous transfusions from donors previously stimu- 
lated by the removal of a small epiantity of blood from the heart. 

3. The two grou^Js given transfusions improved more rapidly, both clin- 
ically and hematologically^ than the group receiving no transfusions. 

•i. The group receiving ti'ansfusions from pi’epared donors iznproved more 
rapidly, both elinicaily and hematologically, than either of tlie two control 
groups, 

5. It is suggested that preliminary plilebotonzy of Ininian donors may 
provide an effective method of treating liypoplastic, aplastic, and refractory 
anemia in man. 

BKFEKEXCES 

1. Scarborough, R. A.: The Blood Picture of Normal Laboratory AniinaL, Yale J. Biol. & 

Med. 3: 63, 1930. 

2. Gordon, H.: Unpubli.shed data. 



CLINIC \L \ND LABORATORY INVESTIGATIONS ON THE EXTRACT 
OF THE EUROPEAN :^IOLTNTAIN ASH BERRY, WITH PARTICULAR 
reference TO ITS ANTIHEitORRHAGIO ACTIVITY* 


George Y. Shixowar-v, Ph.D., C. Joseph DeLok, il.D., and 
John- AV. AIeaxs, ALD., Columbus, Ohio 


T he berry of the European mountain ash, Sorhiis aiccitpana L., lias re- 
portedly been used as a “spring tonic” by the Laplanders of the northern 
Scandinavian countries for many years.” Traditionally, the products obtained 
from the berry are consumed in the spring in the belief that they have some 
beneficial action, particularly on the liver. It has been suggested that the 
change from the high fat diet of winter to one containing more green vegctaWes 
in the spring, results in some type of biliar j stasis. Folltloie led to the assump- 
tion that the berry acted as a “flushing agent.” 

The United States Dispensatory® describes the Sorbus fruit as having been 
“used in scuiu-j', and in infusion, as a remedy in hemorrhoids and strangury.” 
It further states that the fruit contains a nonfermentable monosaccharide, 
sorbinose, CoHiaOc, isomeric M-ith levulose ; the ciystalline saccharine principle, 
sorbitol, C 0 H 14 O 0 , isomeric with mannitol; sorbic and parasorbic acids, CoHsOo; 
malic acid C4H0O3. The seeds of the fruit contain 22 per cent of fixed oil. 
The Biologic Research Division, Philadelphia College of Pharmacy and Science, 
has confirmed these analyses and in addition ha.s reported the definite presence 
of appreciable amounts of ascorbic acid. 

A clinical and laboratory investigation of the Sorbus berry as to its mode 
of action and possible therapeutic value in hepatobiliary disease has been under- 
taken. In this paper are described experiments conducted to determine the 
antihemorrhagic activity of the extracts of this fruit. 


EFFECT ox THE COAGUL.VTIOX TIME IX HEAIORRHAGIC CHICKS 


Method . — Since the existence of vitamin K deficiency was first suspected 
in chicks by Dam® in 1929, the chick has been employed in the a.ssay of the 
natural and synthetic antihemorrhagic substances. The biological assay method 
of vitamin K employed in this study was that of Ansbacher.' The clotting time 
was determined as described by this author, except that larger test tubes (1 by 
7.5 cm.) were used. Ration K-1 was fed to all the te.st animals. Although the 
quantitative determination of the plasma prothrombin level would have been 
preferable to the gross clotting time, attempts to apply both the method of 
Quick® and that of Smith' to the small volume of blood obtainable from chicks 
were without success. 


•From Urn G.iUbladder Clinic, a Joint project of the Departments of iledicine Patholo-v 
and Surgerj-. and the Laboratories of the University Hospital, Ohio State University College of 
Mcullcine. ^ ul 

This study was made possible by a grant from the Comly Fund for Aledical rte^poroi, 
Kccelvcd for publication. Alay 23. 1011. .nesearen. 
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Results . — In an attempt to produce (he liemorrJiagic syndrome typical of 
avitaminosis K, 920 chicks Avere placed on Anshachcr’s basal ration K-I- 
The syndrome developed more often in the AVliitc Rock than in the White Leg- 
horn chicles. Some animals on this diet retained normal coagulation time for 
periods as long as three Aveelcs. This emphasized tlie necessity of a freshly 
prepared diet. Ration K-1 contains 17.5 per cent of etiier-cxtraetcd fish meal. 
Since putrified fish meal is knowji to be an excellent source of vitamin K^, great 
care must be exercised to minimize bacterial action in this basal diet. 

The alcoholic extract of the dried berry (Sorparin) rvas not sufficiently 
concentrated to be administered satisfactorily to the animals. This alcoholic 
extract was, therefore, subjected to rairid extraction with petroleum ether 
(b. p. range, 30° to 60° C.) ; 1 Gm. of this latter extract represented appm-'^i- 
mately 20 Gm. of Sorparin or 50 Gm. of the dried berry. Furthermore, the dried 
Sorbns berrj’- rvas ground and extracted in a similar manner; 1 Gm. of this 
extract Avas cqniA’alcnt to approximately 40 Gm. of the original material. 

T.abi.e I 
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NU.U- 

AVEIUVCE BLOOD 
CLOTTIXC TlilE 

PKKt- 

MENT 

SUBST.VXCE 


BEK 

OP 

CHICKS 

BEFOKB 

Tr.E.VTJIE.XT 

(MIS'OTES) 

.vrrEU 

24-nouK 

TREATilE.A'T 

(m.VtJTES) 

A 

2-Biethyl-l,l-iiaphthoquinoiie 

0.25y 

0 

greater than 
30 

e (1-15) 


2-mcthyM,4-aaphtIioquinone 

0.50V 

li 

30 

2 (1-4) 


Petroleum ether extract of Sorparin 

20.0 mg. 

5 i 

30 

2 (1-3) 


Petroleum ether e.xtract of Sorparin 

10.0 mg. 

5 

30 

J3 (1-3) 


Sorparin 

75.0 mg. 

li 

30 

5 (2-S) 

B 

2-metliyM,4-aaphthoquinono 

0.25-/ 

1 s 

t 30 

10 (2-no) 


2-nietliyl-l,f -naphthoquinone 

O.uOy 

1 s 

' 30 

' 2 (1-4) 


Petroleum etlier e.xtract of Sorparin 

20.0 mg. 

8 

30 

1 1 (E-.3) 


Petroleum ether extract of Sorparin 

10.0 mg. 

s 

30 

2(%-4) 

C 

2-methyl-l,4-naplithoquinono 

O.oOy 

s 

30 

3 (1-4) 


Petroleum ether extract of Sorparin 

20.0 mg. 

li 

30 

1 (K-2) 

2 (1-3) 


Petroleum ether extract of Sorparin 

10.0 mg. 

G 

30 


Petroleum ether extract of Sorbus berry 

40.0 mg. 

5 

30 

4 (1-9) 


Petroleum ether extract of Sorbus berry 

20.0 mg. 

6 

30 

IS (2-90) 


The experiments reported in Table I are those in AA'hieli there Avas the 
successful production of the hemorrhagic syndrome and in AAdiich sufficient 
depression of the clotting time Avas obtained for approximate comparison Avith 
the positiAm symthetic A’itamin K controls. The extracts Avere administered in 
0.1 c.c. amounts of cod-liver oil to 17-day-old White Rock chicks on ration IC-1. 
After tAventy-four hours of the test period blood clotting time determinations 
were made. 

Experiment D Avas performed in an entirely different mamier : 52 one-day- 
old White Rock chicks Avere placed on Ration Iv-1. After eleven days the blood 
clotting time on six chicks averaged eighteen minutes. The remaining chicles 
AA^ere separated into tAVo groups of 23 each. Group 1 Avas continued on ration 
K-1 ad libitum. Group 2 Avas fed ration K-1 Avith a IfnoAA-n amount of dried 
Sorbns berry added. Seven days later blood clotting times Avere taken on these 
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u>HOi<r time of the eoiiti'ol group 1 was sLxty-two 
iS-day-old ehicUs. The average e „j;,,,^tes). The average clotting time 

minutes (23 chicks: range four to n tj 

2, fed aided “ c clotting times ive« token, the 

one to eleven minutes) . ' „roup 2, 5 per cent. During the se\ en 

mortality in group 1 was 3o pei ce , ^ 30 q of the dried Sorbus 

day test period the 23 chicks in gr p study Our preliminary bio- 

, Bled. bile, nnd livets '^^1, “eS fat eontLt of the liveis 

ehemieal studies sbotv a ” .lormal, 

in group 1 in contrast ^ . ^,.miminarv investigation must be regarded as 

The residts obtained in this p j^pparent from the data of 

qualitative or, at the most, \nsbacher unit^ of vitamin K potency 

Table I that there is present at least o ^ Sorparin. This may be 

in 10 mg. of the crude P^t-leum 

further interpreted to mean ^ of the 

of Sorparin, or the " rat;,.o biological assays are now being earned 

rrori'woiT to S'lenuinc lUe op.imum „o.e„c.v of Ibis dn.g iv.tb 
highly refined concentrates. 


effect on the PL.VSMA PROTHROMBIN LEN^U IN M.VN 


v--* — 

1 . (■ rnnorted here include those patients on Sorparin therapy 

alone^ m medications, on whom prothrombin determinations 

dllef/iod.-Quick P ^ relatively accui-ate, rapid, and simple 

study. The results ob ^ laboratories have been generally satis- 

proeedure in more strict adherence to the folloMung : (a) the 

factory only r,beu „£ tbromboplastiu, (b) the use of 

careful (c) the titration of undiluted and diluted 

^proved’ normal con^^ or plasma preserved by freeaing. 

“"“me druj ts administered orally in tablets containmg 3 grairm of the 

S^e^^^eUs : ralm rappt Jma.e.y 7.5 grains of tbe dry be„y. 

E«s«Zls-The data on 8 of the 14 oases studied are presented m Table II. 
uesuiis. i 6 eases on which more mtensive observations were 

The data on the e, ni is a summary of the results 

made are recorded m tjrapns i lu «• 

obtained in all 14 cases. it- a c* 

Thn results of this investigation on the prothrombin response to Sorparin 
. ‘ n eovdvil interesting oliservations. Irrespective of the diag- 

modication P-- ^ . Ib-il in onlv one (Case 31, Graph 5) was the 


one (Case 31, Graph 5) was the 
nosis in e .Umbiishcd further after Sorparin medication. In this par- 

prothrombm dunm ;U'“ , ^ i„ -... 


protluombiu iistula, the decretete iu pro- 

Unomhin n'as noted only u'hen bile acids we administered u-ith Sox-paim. 
Wll Sorparin rvas give alone, the prothrombm level rose m each of to 
neriods of medication. From the data summarized in Table III, it may he 
concluded that the plasma prothrombin showed some decrease in 8 per cent; 
“no change” in 20 per cent, and a definite increase in 72 per cent of the 2f 
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A.VB .AtfiBCA-nox 



r I *>■* ().| 

„ _ ™ - ^"<=°'’J“satecl-ketoni...,„. ^ 


— .-x.uu one salts. 

a="pi'rs'^ PeToa?;!r;eSon'“"''^ 

- Second period of medication. 


M.tn.vo.si.s 

Chronic 
cho lecystitis 
(iholee.v.stiti.s; 

cholelithiu.sis 
Postsurgieal biliary 
s^Tidrom e 
tj'liolelithiasis 


'rnteriuittent eom- 
nion duct obstruc- 
tion 

hepatitis; svphili.s; 

^ cholelitlnasis (?) 
Postsurgical biliary 
Syndrome 

^Cholecystitis] 
menopause 


( V c 

Hostsurgical biliary 
symdrome (2 eases) 
Intermittent common 
duct obstruction (1 
case) 

Hepatitis (syphilis)' 

(1 case) 

Carcinoma of pancreas 
with metastasis to 
liver (1 case) 

Biliary dyskinesia with 
persistent fistula (1 
case) 

"Hypoprothrombi- 
nemia’^ (1 case) 
Total 

Percentage based on 25 
periods of medication 



xuuj UJ. memcat ion I I • I ' I \.oyc) j (4r^„-^ I , 

^creased = Prothrombin level after medication less thaiTw ~ . I 

No change- = Prothrombin level i, .creased less 

increased = Prothrombin ievei increased neater ^;^an ,5"p;r"clf 

cent after medication. 


SHINOW-VK.V ET AL. . - 

. “No change” is statistically reported wlicu 

periods of medication m thc^prothrombin level was recorded, 

an increase of le.ss than o pci ^ ^on^ie increase in 

On the basis of less the 25 periods of medication o 

nrothromhin was observed m - 1 

Sorparin with or without bile acus there was an elevation 

In the 7 cases 

in prothrombin following four Penods P ,,,ithout appreciable 

periods of Sorparin-hile acids J (Case 43, Table II) 

effect relative to “ obstruction (Case 30, Table II). Of the tMO 

and in intermittent common d ostsurgical biliary sjmdrome, a mailced 

eases (Cases 16 and 46, Table 7^ Case 46, and then when iron 

elevation in prothrombin Apparently in the case of carcinoma 

bile salts were administered with So p^^^^^^^_^PP 3), 

of the head of the pancreas mi ^ prothrombin production in 

there were sufficient to Sorparin with bile acids. Case oO 

response not only to VI am , ^ better terminologj\ 

is diagnosed as 

The case is that of a hcalthj 5 ^ent low basal prothrombin level. An- 

pathologic dyscrasia except 

other study of this patiei • P oj, the 

The question may aiise a. (Graphs 3, 4, and 6), indicate that 

prothrombin level. Cas^ , - ’ t)ile salts therapy alone. This 

no elevation can be attri ni e included in this series of 14 cases. The 

was observed in 5 other pa necessarily be interpreted to 

foregoing statements an ^ depression or no increase 

r “Xombir^nt results are possible without any medication what- 
soever. keports 
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case abatvaca ot 6 pa.ic.ta invea.isa.cd for th.ia protheombm response to 
Sorparin medication folloiv ; 


arin medication louo^ . 

rn 1 I-, —In a "roup of approximately 50 normal healthy men and women, 
C.VSE 50 (Graph was one of only two to show a plasma prothrombin 

a 25-year-old white, ma e, prothrombin of 60 per eent fell to 45 per cent one week 

level below 70 per ^ one milligram of sjmthetic vitamin K daily for 

later. A bromsulphthalein te ^ cessation of therapy the 

three days '"^ 80 °* « in three days, and to 52 per cent in a week. Two weeks 

prothrombin level *0 P brought the prothrombin level again to 95 per cent, 

of Sorparin treatment (1» grams , 

^ 1 , 01 —A white female, aged 60 years, had a history of cholecystitis and 

Case 10 ( rap - ' , ^ hc'^an to show symptoms of hypertension and of occipital 

cholelithiasis for twen y J ' „„ntb of Sorparin therapy the relief from her 

headaches, and her prothrombin level averaged 45 per cent. AVlien 

biliary sjmiptoms was con p ' Sorparin daily, the prothrombin level was between 70 

‘and'’8o"per Tut -f rSorparin with bile acids, it rose to 105 per eent. 

, I fi.nvilc aoed 76 vears. had iai 


49 (Gr-iph 0).— A wliite female, aged 76 years, had jaundice with itching and 
1 ■ fir two weeks. The laboratory data revealed the serum bilirubin 6.7 mg. per 
■‘‘"''f 'hipp'll'ri’c acid 1.35 Gm., nonfilling gall bladder, and prothrombin 32 per cent. Gall blad 
d " drainage showed that the common bile duct was not completely obstructed. Surgery wa 
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rcfu.'^ed. A diagnosis of eaicinonni of the head of the pancreas Mas made. Two milligrams of 
sjaitliotio vitamin K witli 7.5 grains of bile acids daily elevated her prothrombin level to 120 
per cent in two weok.s. Eighteen grains of Sorparin with 7.5 grain.s of bile acids daily raised 
the prothrombin level from ;!5 to 120 per cent, and from .'10 to 120 per cent in two subse- 
quent pcriod.s of medication. .After twenty-two weeks of ob.scrvation the patient's condition 



GrapK 2 . CHOIiECYSTITIS ; CHOI^UTHiaSIS (Cftse.--10) 


became progressively worse. She died four months later. Buring the four-month period she 
was <nven very little bile acid, vitamin K, or Sorparin. Her prothrombin level averaged 39 
cent The chief findings at autopsy were mixed squamous-ceU carcinoma and adeno- 
oareinoma of pancreas with compression of normal bile duet and metastases to liver and ob- 
structive biliary cirrhosis of liver. 
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Si o wva thea ptaceJ oa iron bile salts and Sorparin. There aas an initial moderate fall in 
nrotUrombm followed by an increase (85 per cent). During the tliirty-four weeks’ study tliis 
patient had no complaints referable to the gall bladder. 

CvsE 31 (Graph a). — A 72-ycar-old white female with obstructire jaundice was admitted 
to the hospital. A cUolccystostomy with removal of stones was done, and she slowly recovered. 
The gall bladder was drained for ten weeks. She ivas discharged and remained asymptomatic 
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for four moiitlis, wlicu she hull an attack of iiau.sca, vomitiu}', and chill.--. Slie was readmitted 
to the liospital witli sliarp pain over tlic upper uhdoiiicn, jaundice, acholic stool.-, and dceph' 
colored urine. Laboratory testa showed a moderately diinini.-hed liver function. A cliole- 
cystogastro.stoniy wa.s performed because of a beginning stenosis of the common duct. The 
patient’s convalescence ivas rather .slow, but she was discharged markedly improved. Except 
for a slight distress in the cpiga.-tric region, her condition was e.xcclicnt and she gained CO 




pounds. Prothrombin studies were begun at this time. On IS grains of Sorparin daily the 
prothrombin level was elevated from 52 to 96 per cent. When bile acids supplemented this 
therapy, tlie prothrombin level dropped to 6J per cent. It rose again on Sorparin alone to 
90 per cent. The patient was then placed on 12 grains of Sorparin and 15 grains of bile 
acids daily. The prothrombin level was first decreased to 55 per cent, and then rose to from 

SO to 100 per cent. 
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Casi: 22 (Graph 0).— A white female, a»cil 42 years, hatl a eholceystostomy with removal 
of stones in 1030. Her symptoms recurred, and three years later a laparotomy was performed 
and tlie gall bladder region was explored. The gall bladder was found imbedded in a dense 
mass of adhesions, mahing it impossible to do any operative procedure. Gradually there rvas 
a recurrence of nausea, occasional vomiting, and recurrent, transient jaundice. She was ad- 
mitted for the third time. Laboratory examination.s at this time revealed normal serum 
bilirubin, hippurie acid, and galactose tolerance. However, her prothrombin level was dimin- 
ished to 52 per cent. She was placed on 6 grains of Sorparin with 11.25 grains of bile acids 
daily for one week. Her prothrombin increased to 75 per cent. When next seen in the Gall- 
bladder Clinic one montlj later, the prothrombin level was 37 per cent, and she was on bile 
acids only. She was placed on Sorparin along with bile acids, and tlie protlirombin rose to 
105 per cent in two weeks. At this time bile acid tlierapy was discontinued, and on Sorparin 
alone slie maintained a prothrombin average of 70 per cent, 

T.vbi.e IV 


CnxiCAi, Hesults 01' Thep.-vpy AVitu SoupAP.tK, Ketocho!,, .VXD Bn.p.ox 


XUMBKR 
Of' CASES 

j DIAGNOSIS 

sop.r.vKtx ] 

1 KE’tOCUOL 1 

[ BII.UOX 

RELIEF 

W 

1 KO RELIEF 1 
1 (%) 1 

RELIEF 1 
(%) 1 

KO RELIEF ' 
(%) 

RELIEF 

(%) 

XO RELIEF 
(%) 

22 

Chronic cholecystitis 

72 


70 

30 

77 ! 

23 

13 

CholeUthiaals 

80 


, 72 

2S 

85 

15 

2 

Choleoystopatliy 

50 


100 

0 

100 

0 

20 

Endoerinopatby 1 

60 1 

40 1 

70 

30 

80 

20 

6 ! 

Hepatitis 

85 1 

15 1 

75 

25 

100 

0 

4 

Postcliolecystectomy 

50 1 

50 1 

100 

0 

100 

1 0 

5 

Postcholecystostomy 

60 1 

40 1 

100 

0 

100 

0 

1 

Avitaminosis “ A ” 

100 ' 

0 1 

100 1 

0 
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In chronic cholecystitis (proved by cholecystography, duodenal intubation, 
and surgery) complete relief of symaptoms with Sorparin wa.s obtained in 36 
per cent, partial relief in 36 per cent, and no relief in 28 per cent of the cases 
receiving 18 grains daily. When these patients were given uncon jugated- 
ketoeholanic acids (Ketoehol), 7.5 to 22.5 grains daily, or iron bile salts (Bil- 
Ton) , 5 to 15 grains daily, the incidence of relief from symptoms was approxi- 
mately the same. In some instances Sorparin gave relief when Ketoehol and 
Bilron did not, and in some patients the revei-se was true. When given alone 
without antispasmodics or special diets, Sorparin produced satisfactory results 
in half of the patients who obtained relief. However, its action was enhanced 
when the diet was regulated,* and antispasmodics and sedatives were adminis- 
tered. Patients who had been subjected to cholecy.stectomy or cholecystostomy 
and who had recurrence of their symptom.s, obtained partial or complete relief 
in a slightly lower (10 to 20 per cent) percentage of in.stanees than when no 
surgery was done. Sorparin wiU give relief in cholecystopathic dyskinesia 
but it is not as effective as bile salt and/or bile acid preparations. It is an 
interesting fact that patients in ntenopau.se experience considerable relief when 
Sorparin or bile acids or Idle salts arc given for their associated biliary com 
plaints, an observation m this series of cases for which an explanation is 
forthcoming at this time. 


The length of time Sorparin nnust be administered before symntomntir. 
is obtained i.s variable, but usually results are noticeable in seven to fourtee 
lays. But as m any other type of medical therapy no permanent cures et 
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be obtained. TJiese i^atients need coJiteoUed supervision, re-ediicatiou as to 
diet and liabits, and t^orrcelion ol' infections, metabolic dycrasias, and the like, 
which ave so common in patients suffering from biliary disease. In short, 
Sorparin, like bile salt and bile acid preparations, is not a panacea for chronie 
gall bladder and liver disease, but it doc.s' dispel the symptoms in many patients 
who suffer fi-om these diseases. 

No toxic symptoms attributable to any of the drugs discussed in this paper 
were encountered. 

COitJIEXTS 

The extensive literature in the field relating to prothrombin and vitamin 
K has been revierved bj' Smith and co-workeiv and Warner.'® Tliat vitamin K 
is necessary for the prodaetion of prothrombin lias been definitely establisiied. 
Warner^'’ cites as natural sources of this vitamin, green vegetables, such as 
alfalfa, spinach, and kale, and putl’iiied Ssh meal. There have been no reporti 
of its occurrence in fruits. itlcKee and his associates^ found that the active 
principles, vitamins and ivs, isolated from alfalfa and putritied sardine meal, 
respectively, have a quinoid structure. Of the numerous quinoid compoumls 
which have been synthesized, tiie most potent biologically lias been found to be 
2-methyl-l,4-naphthoquinone.'‘' This eoinpoimd was employed in this stud,\ 
for comparative purposes. 

Little is yet knowm eoueerning the optimum dosage of vegetable and animal 
concentrates or synthetic compounds of known vitamin Iv activity to he employed 
clinically. In the cases reported here 1 Gm. of the aleoliol extract (Sorparin), 
equivalent to 2.5 Gm. of the dried berry of the European mountain ash, was 
the maximum daily dosage. Similar studies ^y^th extracts from other natural 
sources in tlieir effects on tim protJirombin level in man Jiave been made by 
others. Smith and co-workers’ administered extracts, representing 300 to 100 
Gm. of alfalfa meal daily, and obtained a rapid rise (three to eight days) in 
the prothrombin level. Stewart® gave liis patients a daily dosage of extracts 
equivalent to from 140 to 700 Gm. of spinach. 

In the liemorrhagie clucks comparable results in the lowering of tlie clotting 
time were obtained by feeding one part by weight of 2-methyl-l,4-naphtho- 
quinone to 400,000 parts of Soi-parin. In respect to the prothrombin level in- 
man the ratio by weight was one part of tlie pure synthetic compound to 400 
parts of Sorparin. This variance in activity in the human being and in the 
chick is significant. 

In another section the approximate analyses of the extract of the European 
mountain ash berry was presented. Among tlie kiiomi constituents of this 
extract are rare carbohydrates and dibasic aeids and their derivatives. In- 
formation is limited concerning tlie degree and mode of bacterial sjmthesis from 
other materials of vitamin K in the intestinal flora of mammals. Aecordingty, 
until adequate chemical identification and biological assay of the active principle 
or principles of this extract are completed, no definite reference of its activity 
in coagulation can be made to the pr-esence of Vitamin K compounds with or 
without a quinoid configuration. 

Aside from raising the plasma prothrombin level, Sorparin produced symp- 
tomatic relief of subjective complaints in a large percentage of patients (up 
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to 72 per cent). This oliservation is interesting in that Sorparin lias no known 
eholagogie or choleretic activity. The exact mode of action is not clear, since 
the known vitamin K compounds do not produce similar results. 


coxcr.usiONS 

1. The administration of the dried berry of the European mountain ash, 
Morbus aucupavia L., and its e.xtraets to hemorrhagic chicks significantly reduced 
their clotting time. A synthetic vitamin K compound, 2-rnethj'l-l,4-naphtho- 
cpiinone, was employed as control. 

2. Fourteen patients with various types of biliary and hepatic disease were 
investigated for their plasma prothrombin response to the alcohol extract 
(Sorparin). In the total of 25 periods of medication in these patient.s, of this 
extract, with or without bile acids and salts, 72 per cent showed marked increase 
in the prothrombin level ; 20 per cent, slight increase ; and 8 per cent, decrease. 
Significant elevation of the plasma prothrombin was observed after Sorparin 
therapy in all 7 cases of cholecystitis, with or without cholelithiasis. A ease of 
idiopathic hypoprothrombinemia is reported. 

3. Clinical .studies reveal that approximately 72 per cent of the patient.s 
in this scries afflicted with chronic cholecy.stitis, with or without stone, post- 
surgieal biliaiy disease, and hepatitis obtained .symptomatic relief when given 
18.0 grains of Sorparin daily. This compares favorably with the results ob- 
tained with bile acid/salt preparations, such as Ketochol and Bilron. 

We are indebted to tlie McNeil Laboratories for the extract of the European mountain 
ash berry (Sorparin) ; to G. D. Searle & Co. for the unconjugated-ketocholanie acids 
(Ketochol) ; to Eli Lilly and Company for the iron bile salts (Bilron). 


REFEBEXCES 

1. Ansbacher, S.: A Quantitative Biological As.say of A’itamin K, J. Nutrition 17’ 30.3 

1939. ■ ■ ’ 

2. Biologic Ee.search Divi.sion, Philadelphia College of Pharmacy and .Science: Private 

communication to author.s, 1939. 

3. Dam, H,: CholesterinstofTwechsol in Huhnereiern u. Huhnehen, Eioehem. Zt-schr. 215- 

475, 1939. 

4. DeLor, C. Jo.seph, Means, .John W., .Shinowara, George Y., and Heinhart Harrv L • 

Functional and Biopsy Studie.s on the Human Liver Following the Admini.stratioii 
of Unconjugated-Ketocholaiiic Acids, Ga.stroenterol. 8 : 48 1941. 

3. McKee, E. W., Binkley, .S. B., IMaeCorquodaie, D. W., Thayer,' .S. A., and Doisv E A • 
The Isolation of Vitamins K, and K., .1. Am. Chem. ,Soc. 61: 129.5 ipsp ' " 

6. Quick, A. J.: The Nature of the Bleeding in .Jaundice, .T. A. M A 'llO- 1658 mas 

7. Smith, H. P., Ziffren, S. E., and Hoffman, G. E.: Clinical and E.vperimental .Studies on 

Vitamiii K, J. A. M. A. 113^: 380, 1939. ‘ .■5tuuies on 

8. .Stewart 



10. Warn^er-gf-j^^O 'i’>>eoretical and Practical Con.siderations, Internat. Clin. 

11. Widen, Albin: Eonen~Det Heliga 'Tradel, Hvar's Dag, page 15, 1931 



LESIONS IN Till-] 


SUPERIOR .MEDIASTINUM MMIICU 
WITH VENOUS CIRCTJJ.ATION® 


INTERFERE 


H. Ooinvix IIiXKiiAW, JI.l)., Pii.D., and David I. Rijti.kdck, M.D. 

Rociiivstkk, ]Rix.v. 


T he superioi- meclhistiiuiin is fho "i-eat (ransportation cciilei- of (lie lioJy. 

Through it passes all food on ils way lo llie gastrointestinal tract, all air 
which enters and leaves the lungs, all lyinpli in the thoracic ducts, all blood 
which leaves the heart and which returns to it fi-oin the superior half of tlio 
body. It is surprising that obstructive symptoms do not develop more frequently 
than they do in this crowded region. It is more surirrising still when the 
frequency u-ith M-hich the numerous mediastinal lym])h nodes are involved in 
tumefactive processes due to intlammatory, tubereulous, and neoplastic lesions 
is recalled. 


The anterior and posterior houndaries of the superior mediastimini are 
firm and unyielding parts of the thoracic wall. The lateral boundaries arc 
elastic, being separated from the spongy lungs by nothing more than the pliable 
pleural layei-s. Space-occupying lesions can thus expand laterally. 

The trachea is well protected by its cartilaginous rings. Although fre- 
quently displaced, it is rarely collapsed by extrinsic pressure sufficient to 
produce obstructive symptoms. The esophagus lies in a somewhat protected 
region, and its elasticity and power of independent motility make serious func- 
tional impairment from extrinsic pressure rather uncommon. The great arterial 
trunks not only have firm walls, but the contained blood is under pressure 
sufficient to prevent interruption of the flow by any external force of reasonable 
intensity. 

The large mediastinal veins, on the other hand, are thin-walled, and the 
blood flowing through them is under veiy low pressure. Furthermore, these 
veins are anteriorly situated nearer the unyielding bony thoracic cage, against 
which they may be compressed by expanding mediastinal lesions. These veins 
drain blood from the upper half of the body only : from the upper extremities, 
the head, neck, and thoracic wall. Obstruction to flow of blood in these im- 
portant channels will produce localized symptoms and signs pathognomonic of a 
mediastinal lesion. Since these vessels are readily compressed, such manifesta- 
tions may be early indications (sometimes even initial symptoms) of serious 
mediastinal disease. These phenomena may be ascribed to delayed circulation 
time increased venovrs pressure, and collateral diversion of the blood stream. 
All these factors are amenable to objective study and graphic demonstration. 
They are not uncommon, but the3- are frequently overlooked and are not 
adequately stressed in medical literature. 


*From the Division of Atedicine, the Majo 
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This paper is based on a study ol" 31 eases of obstruction to the large 
llioracie veins. Condensed sinninaric.s of pertinent data in a few case.s will be 
found in Tables I and II. We shall record and illustrate certain clinical a.spects 
of mediastinal venous obstruction, with objective measurements of the circula- 
tory phenomena demonstrated. We have seen ail the patients in consultation. 
No effort has been made to study ca.se.s in the elinie files in which the patients 
were e.xamincd by other physicians. 

TAm.K II 


CaI’.SES of MB1)IA.STI.\'AL OflSTKUCTIO.V l.V ."1 CA.SE.S 


CMXK'AI* IHAOXOSIS 

ilALES i 

KKilALES 1 

TOT.U. 

Carcinoma of brouelius 

s 

0 1 

S 

Lymphoblastoma 

•1 

2 i 

e 

‘‘Mediastinal fibrosis” 

5 

o 

8 

Pericardial constriction ( ?) 

0 



Metastatic carcinoma 

*-> 

! 1 

O 

Aortic aneurysm 

f> 

0 


Primary malignant nicdia.stinal tumor 

1 

1 

o 

Total 


0 

31 


METHOD 

The venous pressure was measured by the direct method. For this purpo-sc 
a point of refei'ence was taken 5 cm. below the fourth interspace at the ripht 
boi’der of the sternum. The vein was placed at this level by means of a T-s(iuarc 
arrangement with a carpenter’s spirit level. A three-way stopcock wa.s used 
betaveen the syringe and the needle. A manometer tube graduated in milli- 
meters was attached to the upright portion of the stopcock, and the direction of 
flow was controlled by means of a three-way valve. A 3 per cent solution of 
sodium citrate was placed in the syringe to prevent clotting of the blood. 
Venipuncture was made in the ordinary manner, after which the mixture of 
blood and citrate Avas forced up into the manometer tube. Wlien the manometer 
tube was connected directly with the vein, the fluid fell in the manometer tube 
until its pressure equaled that in the Acin.s. By this method the normal venous 
pressure aa'os found to vary from 40 to 120 mm. of water. Clinically, it was 
found that the pressure in the veins could be simply estimated by observation 
of the level above the heart at which the veins on the dorsum of the hand would 
collapse when the arm Avas raised. 

The circulation time was measured by injection of 5 c.c. of a 20 per cent 
solution of sodium dehydroeholate* into the anteeubital vein; the time that 
elapsed before a bitter taste Avas noted in the patient’s mouth Avas cheeked by a 
stop Avatch. This procedure constituted rough measurement of the pulmonary 
circulation time ; normally, it varies from tAvelve to seventeen seconds. 

Infrared photographs Avere made by the Mayo Clinic Department of Plm- 
to«raphy under the direction of Mr. Leonard A. Julin. Films sensitive to 
infrared rays and a suitable filter Avere used. 

SYMl’TOMS OF MEDLASTINAL OBSTRUCTION 

The symptoms commonly produced by compression of the great veins of 
the thorax are characteristic. In most of our cases the lesion had developed 

^ecliolin (Kiedel-DeHaen. Inc., New York N. T. 
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nilliei- slowly luid had been present long enough to permit fair eireulalory 
eompensation to develop. li: obstruction develops more rapidly, alarming edema 
of the upper half of the body may occur. 

iMost patients in our series were relatively comfortable as long as gravity 
was aiding the return flow of blood. Distress was manifest chiefly on stooping 
or bending forward, or when e.xcrtion accelerated the flow of blood beyond the 
capacity of the anastomotic ves.sels. Undoubtedly, temporary increased cerebral 
congestion occurred at such times to explain the vertigo, throbbing sensations, 
and sometimes confusion and headache of which the patients complained. In 
one instance, syncope was frccpient, and in another instance, convulsions oc- 
curred. Externally, suffusion and cyanosis of the face were seen, with very 
prominent engorgement of the veins of the forehead, face, and neck, and some- 
times apparent prominence of the eyes. On the patient’s resuming erect posture. 



■piB. 1. — a. Infrared photograph of thorax; .superior vena caval obstruction • note ana.s- 
tomo.sc.s between Jugular vein.s, cephalic vefn.s. and perforating branche.s of the internal niarii- 
mai-y veins, b (Ca.se a), Mediastlnai flbro.si.s; infrared photograph showing anastomotic veins 
on anterior thoracic wall caused by .superioi vena caval ob.struction. 


many seconds might pass lieforc circulatory conditions became stabilized. Al- 
though moderate orthopnea fretiucntly was mentioned, the .symptoms were 
minimal at night, when the circulatory rate was slowed naturally because of 
inactivity. Dyspnea was a frequent complaint and was thought to be caused 
more by circulatory embarra.ssmcnt than by obstruction of the air passages. 

LOCALIZATIOX OF THE OI3.STKUOTIXG LESION 

Blood from the upper extremitie.s drains into the subclavian veins. These 
are joined by the jugular vein.s to form the innominate veins. The ri-dit and 
left innominate vein.s unite to form the superior vena cava. Near the upper 
end of the superior vena cava the azygos vein contributes blood from tlie 
tlioracic wall. The superior vena cava ends in tlie right auricle. 

If the superior vena cava is obstructed above the level of the azygos vein 
the latter may serve as an important collateral cliannel. In this instance blood 
from the head and neck will follow the e.xternal jugular veins to a plexas’on tlie 
anterior thoracic wall. Blood from the arms will reach the .same plexus bv 
way of the cephalic veins. This plexus may form prominent anastomo.ses with 
the perforating branches of tlie internal mammary vein.s, and thence ’to the 
intercostal veins which are drained into the azygoas .svstem (Pi-r , 


!) 1 ‘ 


C.U.V.C..U, 


•T-.. 

slU'gioal treatiiKoif i., - 
ol- o/«truetioix accurately. j„ oth?rl““es-^-t 'I' 

may ho affected by the findings. ' ' so, mul prog«o.b 

■»ved, H .0 f : *.™'. It « .ufci,™,, vei,. i, in- 

the vows of oxjo arm. If tho veins nf ^ ^ pi-e,s,sure will be limited io 

jngnlav vein, and the veijj.s- of the aT t*ie external 

le innominato vein on that side -ikn'** -T / involved, 

™.om„,a,e voi„ i. "I ' '"'■‘"'•cd (R,,. a,). Tfc « 

becau.se of its longer coui'se. 



If the veins of the neck on • 7 

the testa „,a,, te c^idered .tt“ -"volvcl 

believe that it is possible to determine fnrihj'n ^ 

above or below the level of the amigos tit if f- is situated 

off ^ plexus of Jar»evei«f " mstanees of obstruction 

of en clearly connecting with perforating branch'“% ‘' ^1'^ sternum, 
vein It becomes obvious tiiat blood is seddL V v hiternal mammavy 

wbieh dram into the azygous s3-stem. It theref intercostal vessels 

obstruction IS situated above the level of the azyo-ot ver'*'^ that the 

eihemney of this route of communication, i« tlLse ease of the relative 

so high, s.vmptoms are not so severe, and exterm^ t on! a^'e not 

_ If the entire superior vena eaval system inclnh ‘ striking. 

IS obstructed, blood must return to the heart thronoil^tj*^^'^. tributaries, 

Large veins m such circumstances cross tlie costal maro-i,, !f cava, 

ward oyer tlie abdominal wall (Figs. 2&, 3a and b and 4?*^ Wood flows down- 
are high and sjmiptoras are severe. If obstruction is sitnatefl Pnessnres 

n ni the superior 
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Ycuiv ciiva below the enlrimee of the a/.VRos vein, estahlishment of ell'ective 
collateral clianncls becomes miicli more diffieult. It then lieeomes necessary for 
blood to seek a route to the inferior eaval s3'stem. The resultant collateral 
channels resemble those which arc formed in portal and inferior vena caval 



Fig. 3 (Case 1). — a. Mediastinal sarcoma; the superior vena cava is obstructed below 
the level of the azygos vein ; note the anastomotic veins on the abdominal wall 7 i Tfrwnl 
genogram of the thorax of the same patient. Koent- 



Fig. 1.— Specimen of -superior vena caVa obtained at necronse m is. . . 

lias been rotouelied. Extrinsic pressure had compressed liie ^ pbotograph 

wlilch partially blocked tile channel. Point n was adherent to adhesions 

point a to point h. ’ ‘mating vessel open only from 
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obstruction, oxeei^t tliut blood flows in the opposite direction. Prominent tor- 
tuous vessels cross the costal niar»:in and i)a.ss downward, cliielly ia the lateral 
epigastric region on cither side. Thc.se ves.sels may bo traced toward the groin. 
It is possible to determine the direction of tlow by compression of both ends 
of a segment of the vein with the fingens' after the blood has been pressed out. 
If the lower finger is released, the vein refilhs slowly or not at all, wherefl.s if 
the upper finger is removed, the vein refills almost instantly. 



Fjst. 5 (Case -I). — Infrared photogniDh of left side of tliorax ; carcinoma of bronclius imO> 
superior vena caval obstruction. Note dilated veins and nnc superilcial varicosities in u»: 
inferior midaxillary reg-ion. 


COAIAIEXT 

There is another type of visible va.scnlar change that is produced by 
media.stmal lesions. It is unlike the large, tortuous varicosities previoii-sly 
described and illustrated. It consists of small, superficial, rather tortuous 
groups of dilated, purplish venules, closely grouped in ininches and invariabl.v 
situated along the anterior costal margins. Tlie blood contained within these 
venules appears to be under increased pressure. It is difficult to photograph 
these vessels except with the aid of color films, but they are shoum fairly well 
in Pig. 5 in contrast to the large veins. They are somewhat similar to the fine 
venules situated across the costal margins of normal persons, especiallj' elderly 
men, and those who have a thorax of tlie shape of a thorax affected b.v em- 
physema. When a mediastinal tumor is present, these venules have a mueli 
more engorged appearance, and the vessels are larger, more numerous and more 
tortuous. They have a dark purplish appearance, unlike the fine pink or light 
blue hairline vessels situated along the costal margins of apparently normal 
persons. When the venules are associated with progressive mediastinal lesions, 
they usually appear ratlier suddenly, attracting the patient’s attention. We 
have seen a few instances in which these small varicosities in the costal margins 
constituted the first objective evidence of mediastinal disease, and their sig- 
nificance was not realized by either patient or physician. We believe that the 
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rapid development of such vessels in this situation constitutes definite indica- 
tion for roentgenograpliic study of the structures within the thorax. 

Circulatory disturbances were the most prominent clinical features in many 
cases in this series. In more than a third (12) of the cases the chief disturbance 
which persuaded the patient to seek medical aid was of circulatoiy origin. In 
about a fourth (9) of the ea.ses there was definite circulatory embarrassment, 
but this condition ^Yas secondary in importance to others. In the remaining 
cases minimal or no subjective discomfort was reported, despite objective evi- 
dence of impaired circulation. 

It is important to note that the circulatory phenomena may he the earliest 
manifestations of mediastinal disease. They were noted as prominent early 
symptoms in at least half (16) of the cases of this seines. In, several instances 
experienced physicians had failed to recognize these symptoms as early evidences 
of mediastinal obstruction. In other instances it was possible to predict that 
malignant disease had already metastasized to mediastinal Ijunph nodes because 
of the circulatory disturbances noted. This conelasion afforded valuable evi- 
dence of inoperability in cases of malignant thoracic disease. 

The duration of symptoms previous to diagnosis naturally depended some- 
what on the nature of the obstructing lesion. In cases in which lesions were 
caused by malignant tumors, symptoms were of recent origin and of progres- 
sive severity. In cases of “mediastinal fibrosis” symptoms often had been pres- 
ent for years ivithout evidence of progre.ssion. In 5 eases symptoms had been 
present for only a few weeks ; in 8 additional eases sj-mptoms were first noted 
within six months of the time ive examined the patients. Eight other patients 
had noted circulatory disturbances for periods of from one to eight years. Ten 
patients had minimal sjTnptoms or none at all. 

Although prolonged duration of symptoms is convincing evidence of a 
benign lesion, a history of recent progressive .symptoms does not exclude the 
presence of a benign inflammatory lesion. AVlien symptoms were of recent 
origin, progressive and severe, with tumor not demonstrable in roentgenograms 
we were inclined to regard the lesion as being inflammatory, and in 'three such 
cases, in which the patients underwent surgical exploration, such a conclusion 
proved to be correct. 


The objective circulatory measurements recorded appear in Table I. Photo- 
graphs made by mfrared radiation show a striking exaggeration of the visible 
venous collateral channels. In no instance did infrared photogi-aphy establish 
a diagnosis which could not have been made by easier method^ The value of 
this procedure is apparently limited to the production of illustrations for stud- 
ies such as this one. 

The clinical diagnoses and distribution of eases according to sex of patient 
are summarized in Table 11. The great preponderance of men is due in nart 
to the well-known fact that carcinoma of the bronchus is encoimtered much 
move fveciueirtly among men than among women. 

The term “mediastinal fibrosis,” as Ave have employed it is not 
satisfactory and deserves explanation. Wo have used it to denote eases in 
tinnor could not be demonstrated roentgenographically and in uhich duraf ml 
of symptoms or surgical findings appeared to exclude malignant disease Tno 
cases in which the patients underwent surgical exploration tlie obstruSon ap" 
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pcai'cd to result from fibrosis, and the tibrotic process probably surrounded 
liealiii”: tuberculous lymjdi nodes of tJie mediastinum. In 2 other cases roent- 
genoi>rapliic evidence of unusually i)rominent calcified lymph nodes in the supe- 
rior mediastinum was noted. In the remaining 3 cases long-standing symp- 
toms of obstruction for [)eriods of years made this clinical diagnosis appear 
probable, iileasurements of cireulatoiy changes were obtained in 6 of tlic 8 
cases (Table I). 

In the 2 eases in which the condition was recorded as being caused by pm- 
eardial constriction, such constriction was not proved to exist. Evidence indi- 
cated the obstruction to be situated below the entrance of the azygos vein into 
the superior vena cava, and in iioth eases .severe rheumatic heart disease was 
present. In the remaining ca.scs the diagnosis was based on results of bronchos- 
copy, biopsy, necropsy, or roentgenograpiiy. 

The therapeutic test of roentgenologic irradiation frerpiently was employed 
when types of lymphobhi.stoma were .suspected to be present. It was realized 
that such treatment might inerea.so the harmful effects of mediastinal fibrosis if 
undertaken too vigoroinsly; hence, the treatment usually was restricted to dos- 
age considered adeciuatc to accomplish the therapeutic test. 

SU.AIMARY AND CONCLUSIONS 

Simple inspection is adef{uate to reveal evidence of serious venous Ifiockagc 
in the superior mediastinum and to indicate the probable site of the lesion. 
Infrared photography will produce a striking record for illustrative purposes, 
but it is not necessary for diagnostic purposes. The increase in venous pres- 
sure in the arms can be roughly shown b.v determination of the level at which 
the veins empty on elevation of tlie arms. Direct measurement of venous pi’C.‘>' 
sure affords a much more nearly accurate record. Accurate measurements of 
venous pressure have practical value when it is desired to laiow whether a 
lesion is progressing or regressing, especially following irradiation therapy, or 
u'hen surgical intervention is contemplated. Tlie circulation time may be greatly 
prolonged beyond the point of obstruction in the vein. 

The prominence of collateral veins bears no close relationship to severity of 
symptoms. As collateral varicosities increase in size, symptoms may regress. 
The height of venous pressure is not so closely correlated with symptoms a.s 
might be expected. Symiptoms are more severe if the superior vena cava is 
obstructed belou' the point at which the azygos vein enters it, although visible 
varicosities may be less striking. When obstructioir develops above the level of 
the azygos vein, symptoms are milder and collateral channels are more impres- 
sive than they are when obstruction occurs below the level of the azygos vein. 

Prognosis is dependent strictly on the nature of the lesion. If it is not 
progressive, a degree of compensation is likely to dcveloj) ; this may permit tlie 
patient to live indefinitely in fair comfort. 
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METHODS, AIATERIALS, AXD SUBJECTS 


T he present nse ot castration as a therapeutic procedure in men ivith meta- 
static prostatic carcinoma (Huggins and associates, 1941) has led us to sum- 
marize our studies and to review the literature pertaining to biological assaj' of 
androgens and estrogens in castrate and eunuchoid men and to indicate changes 
in these values found upon administration of exogenous androgens. 

All samples of urine were collected over periods of twenty-four consecutive 
hours, iLsuallj' four or more days being included in each specimen. The exact 
number of days is listed for each subject in Table I. Urine was preserved Avith 
toluene and e.xtracted within two weeks, except that of Case 7, the extraction 
of which Avas delayed for four Aveeks. Extraction Avas done Avith benzene in a 
continuous extractor bj' the method of Gallagher and others (1937). A mini- 
mum of 15, and usually 20, chicks u ere used for each androgenic assay As'hieh 
Avas made according to the method of Dorfman and Greulich (1937). Deter- 
minations are held to be accurate Avithin ±25 per cent but their accuracy is prob- 
ably greater. Values are expressed in interaational units (I.U.), one I.U. bein" 
equivalent to the increase in comb Aveight evoked by 0.1 mg. of androsterone 
After extraction of the urine Avith benzene in a continuous extractor the 
alkali-soluble fraction of the urinaiy extract Avas separated and assaA-ed for 
estrogenic activity in adult spayed mice. Ten or more mice AA-ere used for each 
estrogenic a.ssay. The results Avere expre.ssed in international imits (I.U.) oim 
I.U. being ecpial to the estrous groAvth of the vaginal epithelium evoked bA' 
0.1 ,ig of estrone. The accuracy of the method is probably at least ±50 per cent. 

The subjects Avere 4 castrated men, 2 oophoreetomized Avomen, and 7 hypo- 
gonadal men. Five hypogonadal men are prepubertal eunuchoids; tAvo (Cases 
1 and 6) Avere deprived postpubertally of adequate testicular function in at- 
tempted surgical repair of hernia. The term eunuchoid is applied to men Avho 
although possessing testes, do not ha\'e adequate testicular function Brief de 
scription has been given of f‘ase 4 (Hamilton, 1937). For each patient the a-e 
and number of yeais .since castration are listed in Table I. 


•From the Departmunt of .Anatomy. AJoItsct-nce SditK- r-„:t , 

romotrics. respectively. Vale"' 


Rock 


Supported !n part by ;:r;inLs from the Iiitem'At.’rtrAo! ^ 

;efcUer Foumlatlon. ami thv Fluid Re.-earcli Fuiid S VV'- Foundation the 

Hocelved for publication, ituy 10. Ln.vers.ty School of Medicine! 
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Tiveutv milligrams of testosterone propionate^ in 1 c.c. of peanut oil ^vere 
admi“ed inti^mnsenlarly from three to seven times M-eeldy, as deser.hed 
individually for each patient in Tables I and II. 

RESULTS AND DISCUSSION 

Urhian/ Androuens and Estrogens in the Ennachoid and Castrate.-(l) 
Androgens. Until recently androgens have been reported to be absent 
of ea.strate men (:McCullagli and Rensbaiv, 1934), but with the use of ' rnttei 
methods positive findings have been recorded. Data trom in ^hich t ie 

eA-ereted substances were calculated in international units of actnitj aie ab- 
stracted and compared in Table I, together with the additional cases reported 

at this time. 

T.vble n 

T V \x-n Estrogens per Twestv-Pour Hours Before -vxd During 

BSs^'o/Srit-aECTioN oV" Propionate 



BEFORE administration of hormone 1 

CASE 

NO. op DATS 
URINE 
COLLECTED 

androgens 

(I.U./24 

HR.) 

estrogens 

(I.U./24 

HR.) 

1 

6 

13.5 

8.5 

2 

s 

9.4 

31 

3 

4 

20.5 

22 

8* 

4 

3 

11 

4 

4 

14 

12 


DURING ADMINISTRATION OF HORMONE 


URINE COLLECTED 



DATS SINCE 

beginning op 

. TREATMENT 


ANDROGENS 

(I.U./ 

21 HE.) 


3, 4, 0, 6, 9, 10, 12, 
13,25,26,27,30 
3, 4, 5, 6, 9, 10, 12, 
13, 30, 31, 32 
3, 4, 5, 6, 9, 10, 12,1 
13, 30, 31, 32 
4,5,6,7,9,10,11, 
12, 54, 55 
26,27,28, 29 


69 

72 

66 

69.4 

89 


ESTROGENS 

(t.V./ 

24 HR.) 


45 

100 

78 

21.5 

41 


•Case 8 received only six injections per week. 


In our series the eunuchoids have levels of urinary androgenic activity in 
the lowest part of the range found in normal young men, and the values for 
urinaiy androgenic activity of every eunuchoid are greater than in any castrate 
except Case 2 (Fig. 1). It is noteworthy that despite these facts all persons 
classified as eunuchoid had organic evidence of continuouslj^ inadequate testicular 
secretion. For example. Case 3, who excreted 20 I.U. of androgens daily, pre- 
sented the most severe state of genital underdevelopment that we have obseri'ed 
in an adult male. The scrotum was a small, flat band of tissue without pendulous 
form. The penis was 2 cm. in length, 0.5 cm. in diameter, and the prepuce was 
undetached from the glans penis. As estimated from roentgenogi-aphic study 
of the uwist the osseous age was many years less than the patient’s actual age. 

Although strict comparability is not to be expected among studies made in 
different laboratories, since the methods employed differed in several details, the 
various data are uniform in suggesting that the castrate rarely excretes more 
than 20 I.U. of androgenieally active material daily, ivhereas the levels in the 
eunuchoid are usually higher than in castrates and may be within the lower 
limits found in normal men. The daily values in normal men have been stated 
hy Gallagher and co-workeiN (1937) to be 22 to 132 I.U., by Dingeinanse and 
as.soeiates (1937), 15 to 170 I.U., and hy Callow and co-workers (1938), 20 to 
110 I.U. 


•TcMoslcronc propionate was rumished through tlie courte.sv of the Ciba 
Company Product-s. Inc.. Summit, X. J., under the trade name Perandren. 


Pharmaceutical 
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(3) Estrogens. The presence of nrinary estrogens lias been demonstrated 
for castrate men and oopliorectoniized iromen (Bingel, 1935; Hansen, 1936a; 
Kenjmn and associates, 1937). In the patients reported by tlie present authors 
the range of values is fi to 28 I.U. for ea.strates, 8 to 50 I.U. for eunuchoids 
(Table II . These titers are less than llio.se reported for normal men whose range 
in daily values is 20 to 290 I.U. according to flallagher and associates (1937). 



CA5TRATC 


E3 EUNUCHOID 


■Piir 1 —Daily excretion of urinary androgens in four castrate and eunuchoid men. All 
men excrete appreciable quantities of androgens but the output of the castrate man (average 
does not fall within the range, nmch ^ss the average of normal men (range from 
Ibout 4 to 1‘’0 lU. average about 06 I.U.). The range of pcretion among the eunu^oid 
about -d. to El pastrate to the lower limits of the range in normal men. Data 

udfh tfsucuiar fnsufflefeni, ari^rom case.s reported by Hamilton and Dorfman in 


for' men with testicular 
Table I. 


COMAIENT 


The testes play a major role in men in the production of both androgens 
qnd estrogens Orchideetomy or hyposecretiou of the testes is accompanied by 
subnormal lemls but not by absence of se-x hormone activity in the urine. 
Svtrdmnadal sources of these lu-inary steroids or their precursors may be the 
S^nnands as indicated by the excretion of large quantities of steroids in 
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certiiiii patients with adrenal tumoi-s (Slot, 1936; sec Dovfman and co-ivorkers, 
1940), but specific designation of these glands as the sole source is not war- 
ranted by available data. 

ItTTECT OF ADMINISTR.ITION OF ANDROGENS UPON URINARY LE\T:LS OF GONADAL 
SUBSTANCES IN THE EUNUCHOID .VND CASTRATE 

Urinarij Andvogens . — In 1937 Kochakian reported that after injection of 
male hormone extracts from urine and of androstendionc, about 2 to 6 per cent 
of the activity represented in the administered substances could be recovered 
from the urine. Callow (1938) found that after injection of testosterone pro- 
pionate there was very little additional or even less urinary androgenic activity 
save in the case of two eunuchs who received fairly large doses. In 1939 (Dorf- 
man and Hamilton) assays of urine from eunuchoids receiving testosterone 
propionate showed considerable increase in androgenic titei's, which in one in- 
stance in temis of molecular convei’sion of testosterone to androsterone, amounted 
to approximately 41.4 per cent. In man convei-sion to androsterone of a large 
portion of testosterone has been demonstrated by the isolation of. large quantities 
of androsterone from urine of patients receiving testosterone (Callow, 1939; 
Dorfman, Cook, and Hamilton, 1939). 


Table 111 

Percentage of Administered Androgen Recovered a.s Urinary Anteogens and Estf.ogens 



RECOVERY AS .VNDBOGENS 

RECOVERY AS ESTROGENS 


(calcul.vted .vs androsterone) 

(CALCULATED AS ESTRONE) 



with allowance 


WITH ALLOWANCE 


TOTAL EXCRETION' 

FOP. PO.S.SIBLE EN'DOG- 

TOT.VL EXCRETION 

FOR POS.SIBLE ENDOG- 


(%) 

ekous androgen 

(%) 

ENOUS ESTROGEN 



(%) 


(9&) 




0.03 

0.02 




0.06 





0.05 





0.02 





0.01 



The above figures were computed from data in Table II; the following instance of Case 
Illustrates the methofl of calculation : 

Daily injection of 20 mg. of testosterone propionate = 16.7 mg. of testosterone. 

Average daily androgenic excretion in days tested = 72 I.U. 

72 I.U., calculated as androsterone = 7.2 mg. or 41. S'",!) recoverj’. 

If endogenous androgen w'ere still excreted at levels observed prior to theranv 7 "> i tt 
fninus 9.4 I.U. = C2.G I.XJ. net excretion = 37.7‘7c recover^'. 

Average daily excretion of estrogen in days tested = 100 I.XJ. 

100 I.U. calculated as estrone = 0.01 nig. = 0.06^ recover^'. 

.>.1 endogenous estrogen w'ere still excreted at levels observed prior to theranv 100 T tt 
minus 31 I.U. = CO I.U. net excretion = 0.04^0 recoverj'. * aw i.u. 

Probably the chief androgenically active compound in these urines is androsterone a*? 
computed; but the urinary estrogenic substance, although phenolic, may not be estrone Cal- 
culated as estriol, figures for percentage recovery are increased by a multiple of 50. 

^ relatively high percentage recovery in Case 4 may be due to the fact that the a«r«av«r 
^veie made only after therapy had been given for several weeks. The figures would be Weher 
of thera^^ other cases if allowance had been made for the quantities excreted after cessation 

in taken from other studies (Dorfman and Hamilton, 1939). are included 

m Tables 11 and 111 .since these data were not calculated in the form used here. mcmaed 


The figure for percentage recoverj* (calculated a.s androsterone) reported 
previously i.s substantiated by data from four additional eases which are sum- 
marized in Table III and confinned by the observation.s made independently bv 
Hoskin.s and others (1939), and by HcCullagh (1939). It is interesting that 
the percentage recovery is highest with subeutaueoiLsly implanted pelfets of 
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testosterone propionate (Dorfinan anti Ilaiiiilton, 1941), less with intramus- 
cular injections, and apparently even lower with oral administration (Dorfmaii 
and Hamilton, 1940). 

In addition to aiidrosteronc there has been recovered from the urine of 
cunuehs and eunuchoids given testosterone propionate, etioeholanol-3(a)-17-onc 
(CalloAV, 1939; Dorfman, 1940). and etioallocholanol-Sf/lj-lT-one (iso-aiidro- 
sterone) (Dorfman, 1941). Another androgen of human urine, dehydro-iso-an- 
drosterone, has not been demonstrated to be a metabolite of testosterone. 

Prom the foregoing comments it is evident that androsterone is very largely 
responsible for the androgenic activity of substances found in the urine after 
administration of testosterone to eunuchoids. The values observed are 
listed in Table II, from which it will be seen that in all of these instances 20 
mg. of testosterone pi’opionate injected intramuscularly seven times (six times 
in Case 8) weeld}’ sufficed to maintain during the ])eriod of treatment urinary 
levels of androgens of approximately the average seen in normal young raeu. 
This is in agreement with tlie earlier report of Dorfman and Hamilton (1939), 
with daily intramuscular injections of 20 mg., and is in general agreement 
Avith the findings of Hoskins and co-workers (1939), with injections of 25 mg. 
daily. 

Tabi-e it 


Case S Showing Extreme Lowering or Laivels or Urinary Androgens When WEEKiiV 
Injections of Testosterone Pkopion.vte .-Vre 00 .mg. Inste.U) of EIO mo. 


TRE.VTMENT AVITH 120 MO. OF 
testosterone PROPION.ATE 

AVEEKLY 

DAYS SIXCE BEGIXXIXG 

OF THEKATY 

treat.ment with go mg. of 

TESTOSTERONE PliOPION.VTE 
AVEEKI.Y 

VRIXARY AKDROGEXS i 

HU.) 

rRI.Y.VKY A.YDROOENS 
(I.V./24 HR.) 


o 

9.2 


3 

5.2 

52 

4 and 5 


1 

■1 

15 

•17 

0 and 7 


S9 

9 and 10 


70 

11 and 12 



21 

13 

S9 

1 54 and 55 



If the dose is only about one-half of the amount (20 mg. of testosterone 
propionate daily) usually used in the treatment of eunuclis and eunuchoids of 
this series, that is, if injections of 20 mg. are given only three times per iveek, 
values of urinary androgenic actmty Avere only slightly higlier than observed 
before treatment and strikingly reduced from values observed Avith double 
the therapeutic dose (Table III). This observation requires eontirmation, for 
only one person Avas studied in detail. 

Urinary Estrogens . — ^Maii excretes relatively large quantities of urinary 
estrogens, about 90 to 120 I.U. daily, in comparison Avith ISO to 360 I.U. 
excreted by women (Gallagher and co-AAmrkers, 1937). The source of these 
estrogens is in part the testis, as indicated by the Ioav estrogenic A'alues in 
castrated men. 

Tims it Avas logical to ascertain Avhether or not there Avas coiAversion of 
androgens to estrogens. Steinaeh and associates (1936) found that the estro- 
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'^enw ucUvity in the urine nC luirinal niul castrate male rats \«is •ireater after 
iulmiuisl ration of nrinarv extracts anti oi aiulrosterone ; Steinaeli and Kun 


(1937) observed that injection of men witii 1,000 nig. of tc.stostcroue propionate 
in doses of 50 ing., three times weekly, resulted in increased urinary estrogenic 
activity from values of 0 to 36 K.U. per liter found before injections to titers 
of 1,200 R.U. per liter of morning samples after seven weeks of injection. 
Hoskins and co-workers (1939), write, "These high values are especially re- 
markable in view of the almost casual extraction conducted by sliaking the 
urine twice with benzene and the absence of hydrolyzing procedures usually 
necessary to secure maximum yields of estrogens from urine." 

Kochakian (1938) detected no augmented estrogenic activity in the urine 
of one normal dog and of four castrate dogs wdiieh received several testosterone 
compounds, andro.stcndione, and urinary androgens. Nevertheless, despite the 
above evidence to tlie contrary, it now appears certain that in man, testosterone 
can be converted to a substance (s) that is active estrogenically (Hoskins and 
co-workers, 1939; Dorfman and Hamilton, 1939; Callow and co-workers, 1939). 

Table III shows the excretion of increased amounts of estrogenic sub- 
stances during the period of treatment and for a short while thereafter. 
Amounts much larger than those in the normal young man were not encountered 
under the conditions employed. The values of 0.06 and 0.02 per cent from 
five cases, calculated on the basis of estrone, stated independently by Hoskins 
and others (1939), and by Dorfman and Hamilton (1939) are in agreement, 
and are substantiated by data from four additional eases listed in Table III. 

The question arises as to the possibility of estrogenic action exerted directly 
by androgens or indirectly by substances converted from testosterone. Many 
androgenic compounds induce uterine and mammary growth, and one, trans- 
androstenediol, has marked estrogenic activity (Emmens and Parkes, 1938). 
Tenderness and .swelling of the subareolar area occur in the eunuchoid receiving 
testosterone (Hamilton, 1937) and spontaneously in the boy at puberty (Jung 
and Shafton, 1937 ) , but a variety of substances exert an effect on the mammary 
glands, and there is no proof as to Avhether or not the estrogenic action neces- 
sarily either precedes or follows conversion of androgen to estrogen. 


SCAIAIAKY 

The levels of androgenic and estrogenic substanees in the urine of 7 
eunuchoid and 4 castrate men are presented in Fig. 1 and Table I. Data 
existent in the literature on this subject are summarized and listed in Table I. 

In the present series of cases the average daily androgenic activity of 
the urine of eunuchoids (18.S I.U.) was slightly less than one-third that of 
normal young men, and that of the castrates was still lower (7.7 I.U.). The 
average daily estrogenic activity of the urine was also less than in noimal 
yoimg men, being 27.4 I.U. in the eunuchoid, and 14.7 I.U. in the castrate. 

Daily injection of 20 mg. of testosterone propionate resulted in elevation 
of values for urinaiy androgenic activity to the range in normal young men. 
Urinary estrogenic activity was also increased as a result of conversion of 
testosterone to phenolic estrogenic substances. Upon the cessation of injection.? 
of testosterone the values for urinaiy androgens and estrogens returned to 
tliose tounci before the employment of therapy. 
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In terms of molecular eouversiou to androgeius and estrogens, the percent- 
age recovery in (lie urine of (he admiiiisfered androgen is ajipreciablc and 
comparable from person to person (Table III). Apparently, recovery following 
intramuscular injections in oil is less than that obtained upon implantation of 
pellets of testosterone projiionate, but is in turn greater than that occurring 
after ingestion. 
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HEiAIATOCKIT TUBE BALANCING RACK® 


Authvu C. S'riiu.ixo, il.D., Rochestek, N. Y. 


I T IS 1 ‘ceoguized that when in use, the various sedimentation instruments for 
determining the sedimentation rate of wliole blood must be as nearlj- vertical 
as it is possible to attain in order to prevent an increased settling rale caused by 
slight inclination of the tube. 

Most devices to aid in securing this vertical position recjuire either a per- 
fectly flat surface for mounting, or incorporate a system of levels which are 
adjusted by a system of screw legs. The former is unsatisfactory because of the 
difficulty in finding a perfectly level laboratory table. The latter method is 
relatively complicated and requires freciucut adjustments if the device is moved 
from table to table. 

The device herein described and illustrated i)ermits the AYintrobe type of 
tubes to rest within fractions of a degree of the vertical position. The balance 
rack may bo placed on any smooth top table witlj disu'cgard for the level of that 
table, and wdth one simple motion of the damping stage, fixed into a true vertical 
position. Tubes may then be placed into or removed from the rack without 
disturbing the balance. This type of balancing device is satisfactory for all 
styles of laboratories; for example, research, arthritic clinics, sanatoriums, and 
ward laboratories in hospitals. We have used it with satisfaction in this hospital 
in connection with further research on the problem of sedimentation. 

The instrument consists essejrtially of (1) a rack for holding the tubes 
(this is supported on a pivot in pendulum fashion) and (2) a damping device 
for stopping this rack and holding it in a fixed position. 

The rack is constructed of three parts. The upper part {A) is composed 
of a lightweight material, such as aluminum, plastic, or rvood. It is circular 
in cross section and deep enough to contam several drilled holes into which the 
hematocrit tubes may be lowered about 3 cm. These holes are centered by 
machine to give necessary accuracy (the whole rack must, of course, be ac- 
curately machined in order to maintain a vertical position) and placed in such 
positions as to aid balance; this is done by placing one hole in the center, then 
an even number of holes at the periphery. The bottom of this piece is drilled 
and tapped to receive the middle part. 

' ~^rom the Strong Memorial Hospital, Department of Sui-Kery, Obstetrics and Gynecology, 

Beceived for publication, September 15, 1911. 
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The midtllc part (ii) o£ the rack consists o£ a threaded joint which holds 
tlie two other parts together and serves as the fulcrum for the pivot. 

The lower part (C) of the rack simply consists of a heavy mass of iron 
(1 pound or so) which receives the joint at one end; it is rounded at the lonei 
cud to offer a constant surface to the damper. The rack hangs on the pivot 
Avhich is mounted on a scaffold-like arm. This is mounted on the same base as 
the damper. 



Fig. 1. — Hematocrit tube balancing rack in use. 

The dumping device consists of (1) a soft sponge rubber block mounted on 
a stage which in turn is attached to a strip of sheet spring metal, and (2) an off- 
center cam which when worked by a suitable handle raises the stage and rubber 
cushion against the bottom of the rack. 

The rubber block must be soft in order to press equally in all directions 
against the rack and to prevent lifting of the rack off the pivot; it is cemented 
to the stage. The stage is riveted to the strip of spring. The spring is attached 
firmly at one end and loosely at the other to permit up and dowm motion; the 
stage moves vertically. ’ 
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The earn is half rouudecl at opposite edges to pcvinit smooth and steady 
setting against the spring plate. A liandle is joined to the cam via a shaft. 



Pig. 2. — Details of construction of tlie rack aiul damping device. 


When it is desired to balance one or several filled Wintrobe tubes, the tubes 
are placed in the rack either before or after setting; any number from one to 
seven (or more if more holes are drilled) maj' be so balanced. Being mounted 
on a circular rack, the tubes may be read from all sides. The rack is allowed 
to swing freely on the pivot, and is gradually damped down as it assumes the 
vertical position (regardless of the level of the base). When the vertical point 
is reached, the handle is snapped completely o^■er to ILv the rack in this posi- 
tion. There are thus no adjustments of levels to be made at any time; gravity 
does the balancing job, and a single turn of the thumb fixes the rack in a per- 
fectly vertical position. 




A SIMPLE MKC'IIANK’AL FEEDINT! DEVICE^ 


Kdcau -I. PoTII, 


Pi[.l)., M.l).. 


1‘ai.timokk, ^Id. 


1 ■ 1 iiii-i./l th-it (lo"s be adiuiuistered a drug 
TN THE course ot! experiments ^ ^ implrative that an automatic 

1 at four-hour ultervak day been considered and re- 

feedmg device be emploved. - Utustritcd in Fig. 1 was improvised, 

jected, the rather simple arraiigemeiit illust.atecl 



Fi" 1 requires but little explanation. A .small, 1,750 i-.p.ni. electric motor 
designed for continuous operation is connected in series Anth tivo 1 to 400 redue- 
tioir<'ears mounted in series. This arrangement aviU give a speed of one revolu- 
tion every ninety minutes for the Imv-speed shaft of the second gear. On this 
shaft is mounted a reel onto which rope a will be woimd to advance the chain c. 

^rom the Surgical Hunterian Laboratorj-. Department of Surgerj-. Johns Hopkins Uni- 
vorsily School of Medicine. 
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The travel of this chain in a given interval of time will determine tlie spacing 
of the pins. Tlie device as used liere was designed to feed every four horn's. 
In order that the feeder need attention only once daily, five pins were in- 
corporated in the design. Pull cord b is adjusted so as to throw the motor switch 
after the last pin has been withdrawn. Pope a is attached to chain c bj' a hook to 
facilitate unwinding the rope at the completion of a twenty-hour run. 

The daily dosage of drug was mi.xed with a portion of ground meat which 
was divided and made into six similar balls. Five of these balls are skewered with 
the pins and are released to fall into the animal’s cage as eaehijin is withdrawn. 
An economical feeding mixture consists of ground, boiled lungs cemented to- 
gether with a .small amount of admixed tallow. The animal’s total daily food 
ration can be incorporated in these meat balls. To insure the administration of 
the drug at the desired time the animals are kept slightly hungry and they eat the 
food immediately when it is delivered. 

Two tiers of cages arranged on three walls of a room were operated by a 
single mechanism. If the animal is given a feeding when the feeder is loaded, 
it will demand attention once daily. With slight changes the device can be 
altered for feeding different types of food. 


PREPARING PARAFFIN FOR IMBEDDING PURPOSES® 


Walter Koch, il.D,, Ph.D., Jerus.vlem, P.\x.estine 


F resh paraffin is unfit for microtechnical purposes, since it contains volatile 
admixtures which make the paraffin brittle, thus rendering sectioning dif- 
ficult. Besides, fresh paraffin often crystallizes. Therefore Apath}' advised that 
fresh paraffin be left for about one week at 70° to S0° C. and filtered several 
times. Spec mentioned that overheating I'enders pai'affin fit for sectioning in 
ribbons. Other authors (Schulgin, Bra.ss, Altmann, Pohlmann, van Walsem, 
Ivabseh) advocated the admixture of wax, ceresin, myrtle wax, mastLx, vaseline, 
etc. 

The following is a procedure for rendering paraffin suitable for sectioning. 
It combines the advantages of overheating, as advocated by Spee, with those 
of the addition of wax, as suggested by Brass, van Walsem, and Ivabseh, the dis- 
advantages of the various methods being as far as possible eliminated. 

The paraffin is purified through prolonged heating (see A) and made 
smooth through the addition of beeswax. The wax is heated for a short time 
in order to prevent the surface of the compound from becoming greasy. Thus, 
10 per cent of beeswax may be added. It is an advantage that the melting 
point of the compound is almost the same as that of the original paraffin. If 

^rom the Zoological Institute of the Hebrew University, Jerusalem. 
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“a” gram paraftiu of the melting point is mixed with “b” gram of the 
melting point T,, the melting point Tx of the resulting mixture is : 

„ a . T, + b . T. Example : 100 parts paraffin 62° mixed witli 10 parts 
^ ^ t, beeswax d-4° == 


Tx = 


100 . 62 -r 10 . 54 
100 -f 10 


=61. 


Heating raises the melting point about 1°, thus: 


^ 100 . 63 -f 10 . 55 

100 -f 10 


Used paraffin is less contaminated by volatile substances. On the other hand, 
it contains tiny water droplets left over from the cooling procedure, as well 
as glyeerm (boiling point 290° C.), which is used to prevent the block from 
sticking to the imbedding dish (see jR). 


PROCEDURE 

d.. Fresh Paraffin. (1) Fresh paraffin is weighed, put in a shallow enameled 
dish (as used in photogi-aphy ) , and heated on an electric plate. At about 80° 
C. benzol evaporates. If the liquefied paraffin begins to boil at 100° to 110° C., 
this proves the presence of water. In this case, spla.shing can be avoided by 
leaving the temperature below 120° C. until all the water is evaporated. The 
paraffin is then heated to 220° C. and kept at this temperature for about three 
to four hours. During this procedure disagreeable-smelling fumes escape; the 
paraffin, while absorbing oxygen, takes on a yellowish color. It is then cooled 
and left overnight. In the cooled paraffin no heterogeneous spots should ap- 
pear. Otherwise the procedure should be repeated. 

(2) Yellow beeswax is added in the proportion of 10 per cent of the weight 
of the paraffin. The mixture is kept at a temperature of 180° C. for thirty to 
forty-five minutes, then filtered and cooled. 

B. Used Paraffin (Eemainder.s of A). (1) The block re.sts are rinsed in 
water and dried. (2) The paraffin is heated to 180° C. for thirty to forty-five 
minutes, then filtered and cooled. 


SUMMARY 


A mixture of paraffin and beeswmx is described which can be sectioned 
with ease, the melting point of which hardly differs from that of the original 
paraffin. 
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A SIMPLIB’IGATION OF BENHOLD’S TEST FOB AilYLOIDOSIS* 


Adele B. Cohex, il.D., New Yohk, N. Y. 


T he sUiinlivvd Congo vcd test, with oi‘ without aeetono extraction, has Bvo 
major disadvantages. (1) It is rather complieated, reciuiring one intravenous 
injection and tAvo venipunctures and consuming more than one hour to perform. 
(2) There is a large range, say from 40 to 80 or 90 per cent dye retention, which 
is not diagnostic for amyloid di.sease hut does not exclude it. This may possibly 
be due to the inability of slight amyloid dei>osits to fix a suflieiently large part o£ 
the Congo red injected. 

II Avas observed during the i)erformance of the .standard test that in patients 
Avith amyloidosis the apparent dye content of the serum four minutes folloAving 
the injection of Congo red Avas obviously considerably less than in normal 
patients. 

In Fig. 1 the percentage of dye retention is ])lotted against time during the 
fiiAst hour folloAving the intravoncous injection of 10 e.e. of a 1 per cent solution 
of Congo rod. SAAbject A had amyloidosis; SiAhjcet B did not. The calculations 
are based on the eolorimotrieally determined dye eoiAtent and on the estimated 
total plasma of the. respect i\’e patients. The vastly faster absorption of the dye 
ill the amyloidotie patient is shoAvn particularly in the early ]>hasc folloAving in- 
jection. It would appear that this early phase allows a more reliable distinctioiA 
betAveen the presence and absence of amyloidosis. Since tiio estimation of the 
percentage retention of Congo red, as done in the standard test, increases the 
UAAcertainty of interpretation rather than adds a cjuantitati\-e evaluation, the aim 
Avas to hnd a proper amount-time rtdution so that all persons not suffering from 
amyloidosis avouM show Congo red in the serum and patients Avith amyloidosis 
would not. 

In preliminary experhAients it Avas found that Congo red in a 0.00025 per 
cent solution can easily be demonstrated by the appearance of a blue color Avhen 
one drop of this dilution is mixed Avith one drop of concentrated hydrochloric 
acid. When 2 e.c. of 1 per cent solution of Congo red are injected in a normal 
person Aveighing 150 pounds, the plasma (aboiAt 2,700 e.o.) avouIcI contain about 
0.00074 per cent of Congo red, or three times the demonstrable concentration. 
Even Avith 10 or 20 per cent resorption during the first fifteen minutes, Congo 
red should still be demoirstrable fifteen minutes foiloAving the injection. 

The present lAiodification is, then, based on (1) the rapid initial absorption of 
Congo red in the presence of amyloid, (2) the sIoav initial absorption of Congo 

•Prom the Division of Pulmonarj- Diseases. 2>tonteflore Hospital for Chronic Diseases. 
York, N. Y. 
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red ill persons withoul amyloidosis, (3) tlw easy dcnionstrubility oi' Congo red 
ill a clilufiou as low as 0.00025 per cent. 


TKCUNKiUK 

Two cubic ccnlinietoi'S o£ a 1 per cent Congo red solution are injected 
intravenously, and attev exactly fifteen minutes a few drops of blood are with- 
drawn from a finger into a suitable tube with capillary mouth (Widal tube). 
After the blood has clotted, it is centrifuged at slow speed and one or two drop.s 
of clear serum arc removed with a capillary pipette and placed into a small 
white porcelain dish. One drop of undiluted hydrochloric acid is added with 
another capillary pipette. If the serum contains Congo red, a bine, quickly 
fading color, appears at the niomcut of mixing. 



RESULTS 


A total of 245 persons iviio presented no evidence of amyloid disease and in 
whom it was not suspected were examined with this technique. All shoived 
Congo red in their serum, with the exception of one patient. With the 10 o c 
method this patient had given the results shown in Table I. On ilfarch 13, 1930 
he was positive for amyloid according to the 2 c.c. method. He had massive 
allnimnniria, a fixed urinary specific gravity between 1.017 and 1.020. Liver and 
.spleen were not enlarged. At antopsj' on Feh. IS, 1940, no amyloid was seen 
Ihe kidneys sl.owcd a few areas of hyaline degeneration of glomernli, and the 
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spleen contained minute hyaline, rounded Ijodies. iilicrochemically these hyaline 
areas could not be identified as amyloid. Since this patient had ina.ssive 
albuminuria, he might have excreted Congo red through his kidneys, thus giving 
a false positive test. Tlie urine was not examined for Congo red at the time of 
the test. 

T.VUt,E I 


JJATE 

PER CEXT 

2/2V3S 

15 

10/20/3S 

100 

12/30/.3S 

40 

J/ 7/39 

44 

4/lV;i9 

.33 

9/18/39 

75 


A total of 33 patients with evidence of amyloid disease were tested, and all 
but one gave a positive test. Tlic evidence for amyloid disease in these patients 
is as follows : 

8: confirmation bj- autopsy. 

32: 95 to 100 per cent Congo red retention by the standard test. 

Many of these patients had the usual clinical and chemical evidence of 
amyloidosis. 

The one patient with amyloidosis who yielded a negative test showed 
moderate amyloidosis of kidneys and spleen at autopsy on March 4, 1939. She 
had none of the usual clinical signs of amyloidosis, and a 10 e.c. Congo red test 
done on July 5, 1938, showed 20 per cent retention. The falsely negative 2 e.c. 
test was performed on Jan. 11, 1939. 

DJSCUS.SION 

According to this experience, the reliability of this modification is not less 
than that of the standard 10 e.c. method. However, many further observations 
are necessary to define its liiirit of reliability correctly. 

This modification is so much simpler than the original test (requiring one 
venipuncture instead of three, and fifteen minutes observation instead of one 
hour) that it seemed justified to report it. 

sroui-VKY 

1. A modification of the Congo red test for amyloidosis is reported. 

2. It is simple in technique and requires only one instead of three veni- 
pirnctures. 

3. Its reliability, wliich needs further testing, appears to be of the same 
degree as that of the standard technique. 




,v OO.PA.ISON OP 

treatment® 


MAUU.K B. STUM-ss. M.l)., -.XU JosKun II. BCUCU.X.U., M.D. 

Boston, ]\L\ss. 


p IB .eucally helie^.d^ that in 

1 hemoglobin content of blood obtained J> P althoimh Haden and Neff- 

obtainelby venepuncture .vithout .stasis is ,ki, 

,.„„A V.1UCS in tl.c '.loo ^Il^rand — V sta.a i., a 

capillaries in mtaiits. In a lece 

footnote that they consistenth . i^bin than blood obtained from punc- 
valiies for red blood corpuscles and hemoirlobin tnan 

a ^ ai 1 1 Tint-o ond Stofer" demonstrated that m b pauems uun 

pernicious anemia, 5 of such differences were 

averaged 17.6 per cent higher tha ^ patients with “secondary” anemia, 

not encountered in 5 normal peisons o P • 4 . ■ • -ui ,1 

Jlee e J.ed ..eea - A 

tions made on venous blood ana o l .,-1 f +>,„ o.i'nTn^mtinn<j 

. 4 - or,.,i 4 r,pfl Anuroximately two-thirds of the examinations 

examinations were anahzea. >vppi ^ j. 41 • 4 i Tomm-ir 

were made on eapillary blood during the first years of this study ;smce January 

1938, all determinations have been made on venous blood From 14 to 46 
sepa;ate examinations were made on each of the 80 patients over a period of 
from five to nine years (average 7.1 years). All but 5 patients had both capiUary 
and venous determinations, although, as indicated above, these deteiminations 
were not made at the same time. All patients were under constant treatment 
and in remission. The arithmetic means of the venous and capillaiy led blood 
cell counts and hemoglobin determinations were ealeulated for each patient. The 
distributions of these means have been plotted in Fig. 1. 

The mean eapillary red blood cell count of the SO patients was 4.690 niimons 
per eubic millimeter, and the mean venous red blood cell count of 75 of these 80 
patients was 4.444 millions per cubic millimeter, a difference of 0.246 millions per 
cubic millimeter, a value which is distinctly signmcant, there being less than 
one chance in 1,000 of its being accidental (t = 4.712; n == 153; p = <0.001). 

77, *1 rni •i‘Tr»nmrinl Laboratory, Second and Fourth Medical Services 

(HarvardT." Boston aty HospitLl. and the Department ot iledicine. Haivard Medical School. 
Boston. 
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The lueau oi! the licnio^lol)in clclerii)ination.s on eapillai-y blood of the 80 
patients Avas 01.8 pee cent ( lo.O Gin. per 100 e.e. = 100 per cent), and the mean 
of the hemoglobin determinations on venous blood of 75 of these 80 patients Avas 
S7.3 per cent. The differenec -1.5 jicr cent is significant, there being less than 
one chance in 1.000 that it is accidental (t ~ 4.657 ; n = 135; p = <0.001). 



Fig. 1. — ^The distribution of tlie average capillary and venous red blood cell counts and 
hemoglobin determinations in SO patients with pernicious anemia in remission while under 
treatment. The solid lines in eacli curve represent the mean value, and the dotted lines represent 
the standard deviations. 


COXCLltSlOX 

Venous blood in patients Avith pernicious anemia under treatment has ap- 
proximately 5 ]ier eeut less erythrocytes and hemoglobin than blood obtained 
from the capillaries. This may ho true for normal persons as Avell, hut Ave have 
insufficient data on this point. 

It is a pleasure to acknowledge with thanks the technical assistance of Miss Eleanor 
Fleming, Miss Marjorie Jewoll. iliss Florence Ivelly, Miss Eiizabetii King, Miss Harriet Mac- 
Donald, and Miss Charlotte Nicklin who performed the teclinical determinations. 
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A DEVICE FOR iLVRKING FIELDS ON ^HOROSCOPE SLIDES'"’ 


Cakl. Olsox. Jk., D.VAI., Amhekst, Mass. 


W HILE makius a routine exanuuatiou of histologic preparations, it is con- 
venient, and soinetiines necessary, to mark certain areas so that they may 
be readily found later. Among methods used for this purpose is one using a 
mechanical stage with vernier markings. A reading of the vernier markings 
will constitute a record of the location of the area to wiiich futiu’e reference 
may be made. It is, of course, necessary that the same mechanical stage is 
used and that the slide stop remains 'tmehanged. A second method utilizes 
a diamond point, placed in an eccentric position, attached to the rotating end 
of a blank objective. For operation, the regular objective of the microscope is 
replaced by the blank objective and, with the slide held firmly, the diamond 
point is lowered to contact the cover slip. A circle is described by turning the 
rotating end and scratching the cover slip with the diamond. Disadvantages of 
the method are that sometimes the cover slip is moved or broken and the per- 
manent scratch mark may obliterate an area desired for study. A third and 
rather crude method consists simply of marking the area with a pen and India 
ink. A difficulty of this procedure is to center properly the desired area -within 
the inked circle; usually several attempts are necessary to obtain the desired 
result. Failure of an attempt can be corrected by remo-ving the ink mark -with 
a dampened cloth. 

The third method of pen and ink marking has been improved by incorporat- 
ing a principle of the second method in a simple de-vice that may be fitted in 
the place of an objective and act as a rubber stamp. It consists of a brass 
cylinder, knurled and threaded at one end to fit into the revolving nosepiece 
of a microscope. The other end is reduced to a cylindrical shaft, inch in 
diameter and about % inch in length. A short length of rubber tirbing is 
slipped over the cylindrical shaft and allowed to project a short distance be- 
yond the end of the shaft. The gum rubber tube supplied with a blood cell 
counting pipette -was used for this purpose. The free end of the rubber tube 
must be cut squarely across. The length of the entire device must be such 
that the free end of the tube will make contact w'ith the surface of the slide when 
the microscope tube is racked down. 


The marker may be fitted to an empty socket or a revolving nosepiece on 
the miero-scope and be ready for use at all times. For operation the area of a 
slide to be marked is centered in the field of the microscope, and the slide is 
allm^ to remain in place on the stage of the microscope. The rubber tip 
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is inked with the quill of an India ink bottle. The marldng device is then, 
swung into the position formerly occupied by the objective, and the body tube 
is gently racked down until the inked rubber touches the slide. A ring of ink 
will be stamped on the slide to encircle the area desired. A little care is neces- 
sary to avoid application of excess ink on tlie rubber tip. 



01 — 


lig, 1 . — Device ready for attachment to nosepicce of microscope. Tlie over-all length is slightly 
more than that of the longest microscope objective. 

The diameter of the ink ring can be varied by liaving a larger or smaller 
shaft. The marker now in use was made with a detachable tip. Other tips of 
different diameters may be used. 

The deidce has been in use for some time and found to be extremely useful 
in marking areas of slides to be studied or photographed at a later time. The 
inked ring mark is quite permanent under ordinary conditions and yet can be 
readily removed with a damp cloth. 


CHEMICAL 


THE EXTKACTION OF PROTEINS FROM AQUEOUS SOLUTION BY 
jMeans of emulsification with CHLOROFOR^P 


Luies C. Andrews, Ph.D., AV. E. Corxatzer, AI.S., axd A. B. Sample, JI.S. 

Chapel Hill, N. C. 


D uring the past fifty years there have been occasional references in the 
literature to the ability of chloroform to precipitate proteins more or less 
quantitatively from aqueous solution.*'^ It is remai’kable that such a method 
has not received closer scrutiny, particularly in view of the claims made in some 
of the earlier papers as to the completeness of removal attained. The method, 
furthermore, deserves investigation in view of its obvious advantage in not 
leaving behind in the aqueous layer an excess of a reagent that is difficult to 
remove and sometimes objectionable. This paper reports some systematic 
studies designed to evaluate the advantages and limitations of the procedure. 

On shaking protein solution with ehlorofonn there is quickly formed a 
heavj' emulsion, which settles out readily on mild centrifuging in a compact 
cake below the supernatant water layer. A very satisfactory separation of this 
layer results even -without centrifuging. The supernatant liquid can readily 
be decanted -without disturbing the heavy emulsion, and the protein can be 
recovered by evaporation of the chloroform at room temperature in vacuum. 
Any foaming can be readily cheeked by the addition of a smaU amount of amyl 
alcohol;^ its use, and that of ethyl alcohol, as noted below, have the further 
advantage of greatly increasing the completeness of protein removal. 

Various forms of this method have been used by Tsuchihashi^ for the 
preparation of blood catalase extracts ; by Zeile and Hellstrom^ for the prepara- 
tion of liver catalase extracts ; by Meldrum and Eoughton“ for the preparation 
of protein-free carbonic anhydrase extracts from blood; by Sevag" for the 
isolation of carbohydrates from egg albumin and pneumococci; by Sevag, 
Lackman, and Smolens® for the isolation of the components of streptococcal 
nucleoproteins ; and by Gurin, Bachman, and Wilson® for the purification of 
the gonadotropic hormone of pregnancy urines. 


EXPERDIENTAL 


Kjeldahl determinations of total nitrogen made on the original protein 
solution and on the supernatant liquid after separation from the emulsion 
were used as the criterion of protein removal. The fact that different criteria 
such as qualitative protein tests, were used by some of the earlier investigators' 


School of Medicine, University of IVorth 


^ Department of Biological Chemistrj', 

Carolina. Chapel Hill. 

Received for publication. December 18. 1941. 

alcohol with boiling range of 128° to 132° C. was used Wr... , 

bre\lt> it will be referred to in the remainder of this paper simply as "amyl alciSoi of 
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undoubtedly accounts for some differences in our conclusions. The percentage 
of free amino nitrogen to total nitrogen was used as the criterion of molecular 
size. In preliminary experiments, amino nitrogen was determined by the 
Sorensen method, but the work was later repeated using Van Slyke determina- 
tions. The relationship between ability to be precipitated by this method and 
molecular complexity will be discussed in detail below. 

Colorimetric pH determinations were made in tlie preliminary experi- 
ments; the glass electrode was used in all final work on the effect of variation 
of pH. 

A preliminary series of extractions of 0.5 per cent egg albumin solution, 
made with vaiying proportions of chloroform, showed that maximum removal 
is effected by a voliune of chloroform 25 to 30 per cent that of the protein 
solution. Smaller proportions of chloroform reduced the percentage removal; 
higher proportions brought about no improvement. As a result the standard 
proportions adopted were 100 rah of protein solution and 35 ml. of chloroform. 
To this were added 10 mi. of amyl alcohol when it became evident that this 
mixture produced the optimmn results of any investigated. Later work showed 
that 95 per cent ethyl alcohol eonld bo substituted equally well for the amjd 
alcohol. 

t.vble I 


Effect of Tijie of Su.vkixc ox Pekcext.vge of Egg Albouiin Eenoyeb 


] 

TIME 

(mixctes) 

1 FEKCE.VTAGE FROTEIX REMOVED 

XATURAL pjl 
CULOROFORM .\LOXE 
USED (%) 

ISOELECTRIC pH 
CHLOROFORM ALOXE 
USED (9c) 

isoelectric pH 
CHLOROFORM + .AMYL 
.ALCOHOL USED (%) 

1 i 

4.5 


73.5 

Op I 

u 

8.9 

10'.S 

80.0 

5 

18.4 

22.0 

7S.5 

7 

2T.T 

! 25.2 

79.S 

10 

31.8 


; 78.2 

10 

33.2 

j 40.0 


20 i 

3S.1 




Comparisons of the effect of mechanical shaldng versus hand shaking 
showed that one is as effective as the other. Previous investigators have used 
widely varying times of shaking, in some cases as much as ten or more hours. 
However, we find no evidence quoted in support of such lengthy periods. We 
find that the effect of increased time of shaking (by hand) depends upon two 
other factors: the proximity of the pH of the solution to the isoelectric point 
of the protein, and the presence of the added alcohol. Table I shows the relative 
percentages of the protein removed from approximately 1 per cent egg albiunin 
solution under these different conditions. With chloroform alone and the 
protein not adjusted to its isoelectric pH. an irregular increase up to tAventy 
minutes is obseiumd. The use of isoelectric conditions increases somewhat the 
percentage removal but does not bring it to constancy AAOthin ten minutes. How- 
ever the'^use of both isoelectric pH and amyl alcohol gives practically constant 
removals from three minutes upward. For this reason, a five-mlnnte period 
of vigorous shaldng by hand Avas adopted. 


andijkws kt ai.. : 
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Tests ol: the effect of shaking with successive portions of the emulsifying 
agent also showed marked differences between chloroform alone and cliloroform 
plus 10 per cent amyl alcohol. 

Table II 


Effect of Successive Extraction’s of the Same Solution' (Aitroximately 1 Per Cent 

Egg Albumin) -vt Isoelectric fH 


XUMBF.R OF EXTRAC- 
TION'S 

TOTAL PROTEIN REMOVED BY 

CIlLOROFORil (%) 

CULOUOFORM -r AMYL 
ALCOHOL (%) 

1 

15.4 

S4.5 

o 

•24.7 

S6.8 

o 

o 

32.4 

87.3 

4 



5 

41.4 



In Table II are recorded the results of a series of successive extractions of 
the same 1 per cent egg allnimin solution in which the two procedures are com- 
pared. Percentages of protein removed are cumulative. The much more rapid 
effect of the chloroform-amyl alcohol mixture is plainly evident. 

Other organic liquids of limited miscibility with water have been suggested 
for this purpose, such as ethyl acetate by iMarie,“ and bromoform by Formanek.® 
For this reason, a series of such liquids was investigated, employing the fore- 
going procedure described for egg albumin solutions of slightly under 1 per cent 
concentration. In some eases the test was made both at the natural pH of the 
protein solution (about pH 6) and at the isoelectrie point (pH 4.8). A series 
of these results is recorded in Table III. In aU cases the amount of the emulsify- 
ing agent used ivas one-third the volimie of the albumin solution with, in some 
eases, addition of 10 ml. of the auxiliary agent (ethyl or amyl alcohols) per 
100 ml. of the protein solution. 

These results show the practical superiority of the chloroform-amyl alco- 
hol and chloroform-ethyl alcohol mixtures over all other solvents investigated. 
tVe have not been able to correlate the Ioav and irregular recoveries obtained 
with other liquids Avith any other physical property, such as boiling point, 
surface tension, ivater solubility, dielectric constant, etc. The surprisingty high 
removal effected by ethyl acetate prompted an examination of some homologous 
esters of different alcohols and acids. As Avill be noted, no benefit resulted. 

Little has been done to investigate the colloidal properties of the protein- 
chloroform emulsion. Sevag, Lackman, and Smolens® suggest a loose molecular 
combination or “adsorption compound.” A feiv tests on our part shoived that 
water is attracted to a fragment of the emulsion on a microscope slide and 
enters it whereas chloroform does not. This would seem to indicate that the ex- 
ternal phase is aqueous. 

Previous investigators have discussed the properties of the precipitated 
protein, the consensus of opinion indicating more or less denaturation. Our 
own results confirm this. Egg albumin, precipitated by the above-described 
procedure, gave a product Avhieh, after Avashuig out the chloroform and amvl 
alcoliol with ether and drying at room temperature, was quite water insoluble 
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After several days’ shaking with water, the amount dissolved was insufficient 
to give biuret or sulfosalicylic acid tests. It was also insoluble in 0.1 N acid 
or alkali, salt solutions, and alcohol. Dried in vacuum to constant weight it 
had a nitrogen content of 14.5 per cent. Other methods of drying the emulsified 
protein gave a product similarly insoluble. The only case in which the precipi- 
tated and dried product was water soluble was when proteose-peptone solutions 
had been used as the starting point. In this case the fraction precipitated was 
correspondingly low (see below). 

Contamination of the precipitated protein by dissolved salts is very slight. 
Experiments in which sodium chloride (about 1 per cent) was added to the 
aqueous protein solution showed that the presence of the salt did not appreci- 
ably affect the effieiency of removal by chloroform-amyl alcohol and that about 
99 per cent of the salt remained in the water layer after emulsification. 

Table III 


Efficiency of Various Organic Liquids as Protein Precititants From 1 Per Cent Egg 
Albumin Solution at Both Natural and Isoelectric fH (I.S) 


REAGENT 

1 PERCENTAGE PROTELV REMOVED 

NATURAL pH 

ISOELECTRIC pH 

Chloroform 

4S.7 

52.3 

Chloroform-isoamyl alcohol 

S0.4 

82.5 

Chloroform-ethyl alcohol 


83,5 

Chloroform-ethyl acetate 


7117 

Bromoform 


19.0 

Bromoform-isoamyl alcohol 


20.0 

Bromoforra-ethyl alcohol 


24.0 

Isoamyl alcohol 


60.0 

n-Amyl alcohol 


64.9 

n-Butyl alcohol 


38.8 

Capryl alcohol ! 

4.7 

12.2 

Ethyl ether 

22.5 

33.3 

Dichlorethyl ether 


18.7 

Carbon tetrachloride 

9.3 

10.0 

Benzene 

14.S 

15.9 

Chlorobenzene 


23.9 

Bromobenzene 


19.0 

Toluene 

15.5 

19.5 

Benzaldehyde 


48.6 

Isobutyl clUoride 


19.5 

Ethyl acetate 

65.S 

09.7 

Ethyl propionate 

2S.6 

29.9 

Ethyl butyrate 

31.3 

33.7 

n-Butyl acetate 

22.9 

35.6 

Isoamyl acetate 

20.0 

27.4 


Effect of pH . — ^The data in Table III indicate that in some cases consid- 
erable differences in percentage removal of egg albumin from solution re- 
sult from adjustment of the solution to pH 4.8 (isoelectric point). The column 
of values for the “natural pH” is included to illustrate the irregularities re- 
sulting when the protein solution is not adjusted to as near its isoelectric point 
as possible. In most cases, albumin solutions made from dried commercial 
preparations showed pH values of from 6.5 to 7.5. In some of the earlier 
papers, ® causal reference is made to different recoveries having been obtained 
at different acidities, although Zeile and Hellstrom® claim that the separation 
of hemoglobin from catalase is unaffected by pH variations between 4.5 and 
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9.0. ^Ye have not investigated hemoglobin in this regard but have made a sys- 
tematic study of the effect of pH variations on percentage removal of egg 
albumin and serum albumin. Preliminary experiments were carried out using 
colorimeti’ic determinations after titration with varying amounts of aeid or 
alkali. Uniform extractions with either chloroform or cMoroform-amyl alco- 
hol were nm on these solutions, and the percentage removal of the protein was 
determined as described previously. One outstanding difference between the 
use of chloroform alone and of the chloroform-amyl alcohol mixture was ob- 
served. In all cases, maximum precipitation occurs at or near the isoelectric 
point. However, with chloroform alone this maximum is a comparatively low 
one, whereas with either alcohol added, the curve, starting from about the same 
level, rises rapidly and sharply to a much higher maximum. At pH values, 
for example, two units above or below the isoelectric pH, only small dif- 
ferences were observed between the use of chloroform alone or with amyl alco- 
hol; at the isoelectric pH, however, the difference w'as 30 per cent or more. 

Table TV 

VARLvriox Betweek pH of Aqueous Pkoteix Solution' .vxp Peecextage Peecipitatiox by 

THE CHLOP.OFOR1I-AMYL ALCOHOL PkOCEBUEE 


Approximately 1 per cent solutions of all proteins were used. 


BLOOD ALBUiirX 

BLOOD ALBUiUK 

EGG ALB0MIN 

EGG ALBUMIN 

(will) 

(K.\HLB.\.UiI) 

(b.vker) 

(baker) * 


% 


% 


% 


% 

pH 

PP.ECIPITA- 

pH 

PRECIPITA- 

pii 

PRECrPITA- 

pH 

PRECIPITA- 


TIOX 


TIOK 


TIOX 

1 

TION 

4.49 

27.0 

3.G3 

9.6 

4.25 

41.8 

4.20 

47.3 

5.24 

84.4 

3.85 

10.2 

4.49 

58.4 

4.45 

54.9 

5.95 

95.3 

4.11 

13.7 

4.60 

68.6 

4.75 

82.1 

6.48 

7S.0 

4.42 

18.0 

4.67 

71.1 

4.79 

82.0 

7.01 

39.4 

4.S2 

48.4 

4.70 1 

74.2 

4.SS 

S7.0 



5.00 

71.3 

4,76 1 

77.4 

5.00 

SS.4 



5.25 

72.3 

4.82 

78.2 

5.30 

89.4 



5.85 

27.0 

4.85 

7S.6 

6.06 

62.0 



6.62 

7.6 

4.90 

81.5 

9.7S 1 

31.1 



7.25 

6.9 

5.00 

S4.9 

1 




8.45 

6.9 

5.23 

84.2 





S.95 

4.8 

5.95 

55.S 







7.35 

34.1 

1 






9.45 

19.7 




* Chloroform-ethyl alcohol used. 


A more accurate determination w'as then made of the curves of pH versus 
percentage protein removal for both egg albumin and blood albumin, all pH 
determinations being made by means of the glass electrode. The reshlts are 
shoAvn in Table IV. The sharp maximum obtained is obvious for both blood 
albumin and egg albumin, but it mil be obseiwed that this maximum is uniformly 
higher by several tenths pH than the isoelectric point usually accepted for egg 
albumin. We have not as yet redetermined the isoelectric point of this material 
and can, therefore, offer no explanation. However, it may be stated that this 
maxmium roughly approaches the isoelectric point of the protein. 

Effect of Molecular Size of Prefew.— Preliminaiw experiments 
that this method of precipitation is somewhat selective as regards the molecular 
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size of the protein. Using the ratio of free amino nitrogen to total nitrogen as 
a measure, it was evident that the larger aggregates were precipitated, leaving 
in the aqueous layer a residue of such high free amino nitrogen to total nitrogen 
ratio that it often failed to respond to qualitative precipitation tests for pro- 
teins. This circumstance no doubt accounts for the fact that some of the earlier 
investigators claimed complete precipitation. 


Table V 


Eelatioxsiiip Between Percentage Precipitation op Pp.oteins and the Change Between 
Pree Amino Nitrogen to Tot.vi, Nitrogen B.vtio op the Origin.ve Protein 
Solution and That Remaining Unextracted in the Aqueous L.vyer 
All solutions at isoelectric pH. 


ratio : FREE A>UNO N TO 
TOTAL N X 100 


IN 

SUPEBNAT.INT 

LIQUID 



■nt-.i *K‘p01y prepared by Dr. Samuel Gurin. School of Medicine, University of Pennsylvania, 
Philaaelpliia, Pa. 


To investigate this point, comparisons were made of the free amino nitrogen 
to total nitrogen ratio in the original protein solution and in the supernatant 
aqueous layer after precipitation. This comparison was applied to blood albumin 
and egg albumin from different sources as well as to some commercial pi’oteose- 
peptone mixtures, from wdiich veiy little precipitation could be accomplished. 
In Table V are given the results obtained from a number of different proteins. 
In these determinations the ehloroform-amyl alcohol mixture was used through- 
out. Free amino nitrogen to total nitrogen ratios cannot be recorded for the 
precipitated protein because of its insolubility (see above). The only excep- 
tion encountered was in proteose-peptone solutions. For example, the com- 
mercial proteose-peptone solutions are listed in Table V, ivhich showed a very 
low percentage precipitation and a proportionately small rise in the free amino 
nitrogen to total nitrogen ratio, yielded a small amount of precipitate ivhieh 
was sufficiently water soluble to make possible Kjeldahl and Van Slyke deter- 
minations. These samples showed a corresponding decrease in the ratio from 
that of the original solution. 

The data in Table V are presented as typical of a large number of such 
determinations. It is evident from these data that the higher the original ratio 
of free amino nitrogen to total nitrogen, the smaller the percentage of the total 
material removed by this treatment and the less selective the removal. Some 
samples of serum albumin purposely chosen were old and already partly 
hydrob'zed. The behavior of such samples, in comparison with some egg 
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albumin samples of a lower ratio of free amino nitrogen to total nitrogen is 
plainly evident. A number of such determinations were also made on protein 
solutions at pH values other than the isoelectric. Aside from small quanti- 
tative irregularities the same conclusion holds; in general, the higher the pro- 
portion of tiie protein precipitated, the more marked the change in free amino 
nitrogen to total nitrogen ratio between the original solution and the residual 
material. 

It is evident that chloroform precipitation, while in many cases a useful 
tool for protein removal, has distinct limitations which should be recognized. 
Its chief advantage lies in the fact that the aqueous solution, from which the 
protein is being removed, remains uncontaminated by an excess of the precipi- 
tating reagent, as is the case when precipitation is accomplished by tungstic 
acid, trichloracetic acid, etc. Furthermore, it is sometimes an advantage not 
to have changed the pH of the aqueous solution, and the precipitated protein, 
although denatured, is free from metallic contamination. 

The chief disadvantage to be recognized is the failure of the method to 
effect a quantitative removal of the protein even under optimum conditions. 
It should, therefore, not he used if a small percentage of residual nitrogen in 
the aqueous solution is objeetionahle. Since, however, the nnprecipitated 
fraction is of simpler structure with a high ratio of free amino nitrogen to total 
nitrogen, this may not always be an objectionable featoe. The use of the chloro- 
form procedure by other investigators,-*'® as mentioned above, exemplifies this. 

Although most of our data have been collected on protein solutions ap- 
proximating 1 per cent concentration, a number of determinations have been 
made on egg albumin solutions, ranging from 0,5 per cent to about 8 per cent. 
We have not found that the completeness of removal is appreciably aft’ected 
by variations in concentration ■\\dthin these limits. 


CONCLUSIONS 


Studies of the removal of proteins from solution by chloroform emulsifica- 
tion have led to the conclusion that the procedure is a usefid one for certain 
purposes and when certain limitations are recognized. The following is recom- 
mended as the optimum procedure: 

The protein, in water solution, should be as near its isoelectric pH as pos- 
sible, The most advantageous proportions studied were 100 volumes of the 
protein solution, 35 volumes chloroform, and 10 volumes of 95 per cent ethyl 
or of isoamyl alcohols. The mixture should he shaken vigoronslv for five min- 
utes in a container of about twice its volume, then centrifuged for about five 
minutes at a speed of 2,000 to 2,500 r.p.m. iilechamcal shaking is unnecessary. 

Successive treatments of the aqueous solution ivith new portions of chloro- 
form and alcohol cause no significant increase in the amount of protein re 
moved. 


bimilar tests of a number of organic liquids of limited solubUitr- in water 
have brought to hglit none approaching the ehloroform-aleohol niLxture in 

acetate. Homologues of this ester 
ha% c all gi\ en much lower percentage removals. 
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The precipitated protein is denatured by the process to the point of being 
insoluble in water, salt solutions, and dilute acid and alkali. The only excep- 
tion to this is in the very small amount of precipitate obtained from proteose- 
peptone solutions. 

The presence of small amounts of salts in the protein solution does not 
appreciably affect the emulsification process nor the purity of tlie denatured 
protein. 

When chloroform alone is used as the emulsifying agent, the curve of per- 
centage removal versus pH reaches a low maximum at or near the isoelectric 
point of the protein. With the alcohol added this maximum becomes sharp 
and much higher. 

In any pi’otein solution investigated, the fraction of higher molecular 
weight is preferentially precipitated, leaving in solution a fraction with a 
ratio of free amino nitrogen to total nitrogen much higher than in the original 
solution. The lower this ratio is originally, the more effective!}’’ does thi.s pro- 
cedure remove the protein. 
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THE QUANTITATIVE DETERMINATION OP INT30XYL COMPOUNDS 

IN URINE® 


Arnold P. ilEncLEjonx, B.M., B.Ch. (Oxon.), and Fr.vxk P. Cohex, M.S. 

Boston, ]\Lvss. 


IXTRODUCTIOX 

F or nearly a quarter of a century there has been a general absence of interest 
in the significance of the urinai’y excretion of indole derivatives. The doc- 
trine established by tradition that urinary indoles are derived from putrefactive 
processes in the intestines apparently has made further investigation of this 
subject unprofitable. 

Recent work, however,^' - has reNuved earlier observations^'^ that the pres- 
ence of indoles may be demonstrated with unusual ease in the urine of pellagrins. 
This observation merits further investigation, since the doctrine of the intestinal 
derivation of ui’inary indoles was formulated at a time when biochemical and 
medical science was unaware of the importance of nutritional deficiency. 

The most familiar indole derivative that may be encountered in urine is 
indican (indoxyl potassium sulfate). Several methods for the estimation of 
this substance in urine have been proposed in the past. Most of these methods 
are crude and inadequate to meet the demands of modern quantitative investiga- 
tion. Part of the indole excreted in urine may occur in a form which is re- 
sponsible for the urorosein reaction,^ but for which no method of quantitative 
estimation has as yet been developed. This study is concerned with a discus- 
sion of the methods available for the quantitative determination of indican in 
urine, and the presentation of a procedure, modified from Sharlit’s method,® 
which has been found satisfactory for quantitative purposes. 


EXPERUIENTAL 


The qualitative detection of indican in urine depends on the reaction ob- 
tained by adding concentrated hydrochloric acid and an oxidizing agent (ferric 
chloride or ealcimn hypochlorite) to urine. By this means indican imdergoes 
oxidation and polymerization to form the characteristic blue pigment indigo 
which may then be extracted from aqueous solution with chloroform. There 
have been various attempts in the past to utilize this reaction in the quantitative 
colorimetric estimation of indican. However, there are certain objections to 
methods based on this procedure. 


(1) After the addition to the ui-ine pf hydrochloric acid and an oxidizin- 
ag^a smgle extraction with chloroform may be insufficient to remove all thb 
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indigo formed, particularly when the indigo is formed slowly, as sometimes hap- 
pens. OecasionaDy, it is possible to extract more indigo after the reaction 
mixture has been subjected to an initial extraction and then allowed to stand 
for some minutes. 

(2) The addition of a fixed amount of the oxidizing agent to some urine 
specimens results in overoxidation of the indican and a diminished yield of in- 
digo, while in other urine specimens incomplete oxidation occurs. 

(3) The oxidation by ferric chloride or calcium hypochlorite does not al- 
ways yield indigo blue. Indigo red (indirubin), which may have a different 
color intensity, is sometimes obtained. 

(4) The reeovei'y of a Itnown amount of indican from indican-free urine is 
freciuently far from quantitative. 

(5) Difficulties arise in the preparation of a suitable standard for eom- 
pax’ison. Tlie intensity of color obtained in the chloroform solution of indigo 
extracted from urine is frequently more intense than that of a saturated solution 
of synthetic commercial indigo. In our experience recrystallized synthetic indigo 
has a maximum solubility of approximately 2 mg. per 100 ml. of chloroform at 
room temperature. When a saturated solution of synthetic indigo is evaporated 
to dryness and then taken up in strong sulfuric acid, a marked intensification 
of color results, indicating that the color reaction of indigo can be modified by 
such procedure. Great caution is, therefore, necessary in the use of any arti- 
ficially prepared standard for purposes of comparison with unknown indigo 
solutions. 

These difficulties are largely overcome by Sharlit’s technique.'’ This method 
makes use of the formation of a condensation product of indoxyl wdth thymol in 
the presence of persulfates. The condensation product is extracted from aqueous 
solution by formmg Avithin the reaction mixture itself the organic solvent ethyl 
trichloracetate, Avhieh slowly settles out, carrying tlie pigment down Avith it. 
Under these conditions both the reaction and the subsequent extraction can be 
carefxAlly controlled. This procedure, wheir modified as described beloAV, has 
been adopted as the method of choice. 

PKOCEDXTKE 

Ten milliliters of Ainfiltered urine preserved under toluene are placed in a 
volunxetric flask and diluted to 100 ml. Avith distilled Avater. Five milliliters 
of this diluted urine are ixieasured into a 15 ml. gradixated centrifuge tube. The 
reagents are added in the folloAving order: 0.5 ml. of 1 per cent potas- 
sixuxx persulfate solution, 0.5 ml. of 1 per cent thymol in 95 per cent ethyl alco- 
hol, 5 ml. of 25 per cent tx'ichloraeetic acid in concentrated hydrochloric acid. At 
the same time another tube is prepared for a blank detex’mination ; urine and 
x’eagents are added in the same qxiantities except that thymol-free alcohol is em- 
ployed, After the solixtions have been mixed, each tube is placed in a boiling 
Avater bath xxntil the ethyl trichloracetate has separated out, and the aqueous 
layer is essentially free from pigment. This ordinarily requires about tAx-enty 
minutes. The tubes are then centrifuged briefly and as much as possible of the 
supernatant aqueoxxs layer is removed Avith a pipette. The trichloracetate layer, 
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togetliev with tlie small volume of aqueous layer remaining in the centrifuge 
tubes, is taken up in sufficient glacial acetic acid to bring the volume to the 5 ml. 
mark; the solutions arc then transferred to special tubes for use in a Klett- 
Summerson photoelectric colorimeter, and are thoroughly mixed by pouring back 
and forth between the centrifuge tube and the colorimeter tube. The intensity 
of color in the acetic acid solutions is read immediately in the photoelectric 
colorimeter, using a No. 510 filter. The logarithmic scale reading given liy the 
blank determination is subtracted from the reading of the unloiown solution. 
The concentration of indican in micrograms per milliliter of urine is calculated 
as given below. If the reading on the colorimeter is less than 200, or more than 
400 scale units, greater accuracy is achieved by repeating the test, using ap- 
propriately greater or smaller amounts of urine. 


DISGUSSIOX OK JIETHOD 


Preservation of the Urine. — Estimations have been carried out on twelve- 
aud twenty-four-hour specimens of urine. Although it is usually stated that 
the indiean reaction must be performed on freshly passed ux’ine, we have found 
that the addition of a few milliliters of toluene to the urine when first passed is 
sufficient to maintain the values obtained by this method for at least twenty-four 
hours. As pointed out by Sharlit, formaldehyde should not be used as a pre- 
servative. 


Amounts of Reagents . — ^Using 0.5 ml. of urine, it was found that the amount 
of potassium persulfate could be varied considerably without affecting the re- 
sults of the determination. We have used 0.5 ml. of a 1 per cent solution. The 
results were found also to be vuiaffeeted by increasing the volume of alcoholic 
thymol solution employed. In practice 0.5 ml. of a 1 per cent alcoholic solution 
of this reagent is sufficient. The 25 per cent trichloracetic acid in concentrated 
hydrochloric acid used by Sharlit® in his estimation of indiean in plasma was 
employed successfully in urine estimations. 

Time Necessary for the Various Stages . — It was not found necessary to 
allow the tubes to stand for fifteen minutes to cool after removal from the water 
bath, as recommended by Sharlit. Nor was any advantage gained by allowino- 
the tubes to stand at various stages of the test, as Tomisend® recommended. 
Considerable saving of time is achieved by the omission of these steps. 


Colorimetry. — ^To-wnsend® has shown that the spectrum of the indoxyl- 
thymol condensate exhibits maximum light absorption at about 540 m /4 A 
No. 540 filter was, therefore, used in the colorimeter. The use of a Klett-Sum- 
merson photoelectric colorimeter has definite advantages over visual eolorimetiy 
The personal factor is eliminated in making the readings. Furthermore since 
solutions of the indo-xyl-thymol condensate obey Beer’s law reasonablv well 
rvithin the limits of the concentrations recommended in this procedure the read 
ings obtained on the logarithmic scale of the colorimeter can he converted direetlv 
into terms of a concentration of indiean by simple multiplication of the renrhA^ 
by the same factor over the recommended length of scale. 

The Standard.~nm conversion factor was experimentally determined hv 
carrying out the estimation on an indiean solution of knoum coneentraUon. 
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Obviously the validity of the standard depends upon the purity of the 
specimen of indican used for this purpose. It is ;^ossible that indiean obtained 
from various commercial sources may vary appreciably in its degree of purity. 
This is suggested by the fact that the figures given by Tonmsend® for the level 
of indiean in normal plasma unaccountably disagree with those given by 
Sharlit.® This discrepancy may be partly explained by dilferenees in their 
standards, due to different degrees of purity in the specimens of indiean they 
employed. For this reason, particular precautions were taken to ensure the 
purity of the indiean used in obtaining the standard. A specimen of indiean,® 
manufactured by Praenkel and Landau, was purified by recrystallization. The 
temperature of decomposition was checked and found to be 1S0° C. Ilicro- 
determinations for sulfur and nitrogen yielded the results given in Table I. 
These values show satisfactory agreement with the theoretical values when the 
errors of the methods are considered. 


T.vble I 


FOU>:i> 

TnEORETICAL 

Nitrogen -l.G per cent 

0.2 per cent 

Sulfur 12.7 per cent 

11.9 per cent 


Further tests showed that tlvis specimen of indiean gave standard read- 
ings which agreed well \vith those obtained by Sharlit who used a specimen from 
a different source. He employed a solution of cobalt sulfate as a standard for 
use in a comparison colorimeter, and stated that a 1.5 per cent solution of 
CoSO^.THjO matched the color given by 2 ml. of acetic acid solution containing 
indoxyl-thymol condensate derived from 0.00S6 mg. of indiean. We found that 
under our conditions 50 n" of indiean gave the same colorimeter reading as a 
3.5 per cent solution of CoSOj.7H,0. This agrees vith results of Shai’lit to 
within 3 per cent. 

Calculation of Results . — ^The colorimeter readings obtained with different 
amounts of indiean were determined experimentally under the conditions of the 
test using standard aqueous solutions of indiean. The results are given in 
Table II. 

Table II 

Detebmination op the Conversion Factor fob Indic.vn- 


IXDICAN IX mg 

PER 0.5 :m;e. 

NUilBEK OP 
OBSERVATIONS i 

AVERAGE COLORIMETER ! 
READING 

CONVERSION 

FACTOR 

25 

4 

137 

0.1S2 

50 

13 

262 

0.190 

76 

5 

392 

0.191 

100 

9 

492 

0.203 

125 

C 

GOO . 

0.20S 


It will be seen from the figures in Table II that the factor necessary to con- 
vert colorimeter readings into terms of the amount of indiean present varies 
somewhat over the range employed; or, in other words, when colorimeter read- 

♦Obtained through the courtesy of Hr. S. R. Townsend. 
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iiigs are plotted against coneciUrations of indican, the resulting calibration 
curve is not absolutely linear, as required to fulfill Beer's law exactly. How- 
ever, the differences botAveen the factors for each concentration of indiean are 
so small that for practical purposes one factor may be used tlvrougliout. We 
have employed the factor 0.3S to convert colorbneter readings into terms of 
micrograms of indiean per milliliter' of solution. This factor is obtained from 
the equation; 

InJi can in micrograms 50 _ ^ gg 

Factor = Colorilneier reaOiag- x votunie of indiean solution 2G2 x 0.5 ' 

substituting the values for the point of greatest experience. Table II. Use 
of this single factor for all concentrations introduces a possible error of not 
more than 5 per cent when the colorimeter readings Ire between 200 and 400 
scale units. The twenty-four-hour excretion of indiean is calculated as follows: 


0..3S 

24-!vQur excretion of intlican in mg. — Colorimeter reading •/. 


X volume of urine. 


Since it is possible that there nraj* he slight differences between rndmdual 
colorimeters of this type, we suggest as a cheek the use of a 3.5 per cent 
CoSO.i.TH 20 solution to determine the colorimeter reading which should be 
given by 50 /ig of indiean under the conditions of this test. 

Recovery of Indiean Added to Urine. — We have found that on adding a 
knouTi amount of indiean to lU'ine the recovery is gnantitative. 


Blank Determination . — Sharlit did not feel it neeessai’y to carry out a 
blank detemrination as recommended here. However, we have formd that in 
certain urine specimens (notably in specimens obtained from eases of liver 
disease) high blank readings are sometimes obtained with the use of thymol- 
free alcohol. This high blank is due to nonspecific substances which on ox- 
idation by persulfate form colored products soluble in ethyl trichloraeetate. 
Such substances might include urorosein and perhaps bile products. Contrary 
to Sliai'lit’s statement, we have found that preliminai'y treatment of the 
urine with basic lead acetate may sometimes result in a significant reduction 
in the colorimeter reading, due to the temorml of saich interfei-ing pigments. 
In theory a small part of the blank estimation may be due to indiean itself 
since in the presence of persulfate it could be converted to indigo Avhich dis- 
solved in the trichloraeetate, may increase the reading on the coloi-imetei-. How- 
ever, in our experience the addition of indiean to a number of urine specimens 
has resulted in no significant increase in the blank reading. In practice there- 
fore, the blank is subtracted from the reading of the unknown without correct- 
ing for a small error which occasionally may be introduced by the additional 
color added to the blank by the conversion of indiean to indigo by persulfate 
H the persulfate is also omitted from the blank determination, very much 
higher readings may be obtained, which indicates that petsnlfate’ plays some 
part in the decolorization of pigments which would otherwise intei-fere still 
further with the estimation. ® 


It is evident that any substance will interfere in this if •<- 
colored condensate with thjmiol in the presence of pmmdfate, whichTn 
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is soluble in ethyl trichloracctate and has an absorption baud in the region of 
540 ixfiL. Our own experience and that of Sharlit indicate that it is higiily im- 
probable that urinary constituents other than indiean will contribute signi- 
ficantly to such color production. Sharlit showed that of a number of sub- 
stances tested, only glucose, formaldehyde, and tryptophane produced any color 
under these conditions, and then only in insignificant amounts. In addition, 
we have investigated the effect of added indole and indole-3 acetic acid on the 
test. Two-tenths milligram of each of tlicse substances when added to samples 
of urine taken for test failed to produce any significant increase in tiie col- 
orimeter reading. It seems, therefore, that this reaction is sufficiently specific 
to e.xclude unsubstituted indole, and its simple substitution products, sueii as 
indole acetic acid. Hence it is probable that the test is, in fact, specific for 
indoxyl and its salts and just possibly a few other derivatives of indole so 
closely related chemically that they are indistinguishable from indiean. 

SUJI.MARY 

The need for a roinvestigatiou of the significance of tJie urinary excretion 
of indole derivatives has prompted a consideration of the vai’ious metliods 
available for the estimation of indoxyl compounds in urine. It has been found 
that Sharlit ’s method, with the modifications contributed by this investigation, 
yields quantitative results. 
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A 3E0DIFICATI0N OF THE COLORIMETRIC PHOSPHORUS 
DBTER^illNATION FOR USE WITH THE PHOTOELECTRIC 

COLORIMETER® 


G. OoMoai, jM.D., Chicago, III. 


T he two nio-st widely used colorimetric methods for the determination of 
phosphorus are those of Fiske and Subbarow,’ and of Kuttner and Cohen,” 
with minor adaptations of the techniques for specific purposes. The Benedict- 
Theis" modification of Briggs method, although highly praised for its ac- 
curacy hy Bodanslcj’,^ cannot be used in the presence of phosphoric esters be- 
cause boiling, which is a part of the procedure, will hj'drolyze them. 

Both the Kuttner-Cohen and the Fiske-Subbarow methods have certain 
advantages as well as inconveniences. The one great advantage of Kuttner and 
Cohen’s method is the excellent stability of the color. However, this advantage 
is more than counterpoised by two serious drawbacks : first, the extreme 
sensitivity of the method to interfering substances and to minimal impurities 
in the reagents; second, the narrow range of aeid concentration within which 
colorless blanks and proportionate readings are obtained. A .slight deviation 
from this concentration results in colored blanks or erratic readings, or both. 
A third much less serious disadvantage is that the stannous chloride reagent 
has to be diluted fresh daily. The Fiske-Subbarow method is far less sensitive 
to interfering sub.stances and to the concentration of acid. However, it still 
recpiires the use of three diffei’ont molybdate solutions for the use with samples 
containing various amounts of acid. The second drawback of the method is 
that the aminona])htliol.sulfonie acid reducer does not keep well. Even in a well- 
-stoppered bottle it becomes increasingly yellowish brown, and at the same time 
its reducing power slowlj- declines, especially if the sulfite used in preparing 
the solution is not absolutely fresh. A 14-da3'-old solution ma.y give 10 to 15 
per cent lower readings than a freshW prepared one, as found in our experi- 
ments. In addition, sometimes for no apparent reason it will precipitate in 
the test tube, making the liquid so turbid that it cannot be read without filtra- 
tion. The third drawback of the Fiske-Subbarow method is that the intensity 
of the color produced increases continuoasly for several hours. If a visual 
colorimeter is used this will cause no complication, since the standard will 
darken at the same rate. However, with a photoelectric colorimeter an instru 
ment which is superseding the older visual types at a fast rate, the results may 
l)c cons iderably off if readings are not taken at a strictly specified time 


•From tlo' 
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An attempt was made to develop a method which combines the advantages 
of the methods mentioned, with elimination of their drawhacles. 

EXPERHIENTAL 

In a first series of experiments the Benedict-Theis, Fiske-Subharow, and 
Kuttner-Cohen methods Avere compared with respect to (1) their acid tol- 
erance, and (2) the stabilitj' of the color produced. All readings were ob- 
tained with a photoelectric colorimeter. 

Acid tolerance is defined as the permissible range of final acid concentra- 
tion Avithin Avhich the method gives uniform readings at the optimum time 
suggested by the deviser of the method. It Avas found that Avithin Avide limits 
of molybdate concentration (0.1 to 1 per cent Na3IoO,.2ILO) the acid tol- 
erance of each method depends only on the proportion betAveen molybdate and 
sulfuric acid in the final mixture. Acid tolerance Avill be expressed by the per- 
missible range of cubic centimeters of normal sulfuric acid per 10 mg. of 
sodium molybdate under the conditions mentioned. 

Acid Tolerance 

Benedict-Theis Method 0.9 to 2.2 c.c. 

Fiske-Subbaron- Atethod 1.1 to 2.1 c.c. 

Kuttner-Cohen Method 1.3 to 1.-15 c.c. 

If the amount of acid present in the mixture is below the loAver limit of 
tolerance, the readings Avill be too high and the blanks may be colored; if the 
amount of acid is above the upper limit, the readings Avill be too Ioav. 

As shoAvn by the data, the range of acid tolerance of the Kuttner-Cohen 
method is very narroAv. With the Fiske-SubbaroAV method tlie final concentra- 
tion of acid is 2 c.c. per 10 mg. of molybdate. This is so close to the upper 
limit of tolerance that they realized the necessity of using special mix- 
tures (molybdate II and molybdate III) Avith samples that contain additional 
free acid. Hydroquinone, used in the Benedict-Theis method, has an excellent 
acid tolerance. We found that boiling, an undesirable feature of this method, 
is unnecessary if the concentration of hydroquinone is increased to 1 per cent 
and that of the bisulfite is cut to 3 per cent. Although the color is somcAAdiat 
sloAV to develop, it is extremely stable for a long period of time. This sIoav de- 
velopment of color is the main objection of Fiske and SubbaroAV to the Briggs 
method. HoAvever, it is hard to see AA'hy this should be considered a short- 
coming as long as the method is satisfactory otherwise. In fact, sIoav develop- 
ment of color Avith sustained stability is a decided advantage, especially AV'hen 
a large number of determinations haAm to be done Avith a photoelectric 
colorimeter. 

HoAvever, one of the objections of Fiske and SubbaroAV to hydroquinone is 
a A'alid one. It is the production of a broAvnish shade Avith molybdates. 

The stability of the colors obtained Avith the methods mentioned is given 
in Table I. 

Some other substances, part of Avhieh Avere tried previously by Fiske and 
SubbaroAV, Avere examined in order to find one that Avould give stable solutions 
and colorless blanks. Three of them, 2 :4-diaminophenol hydrochloride (com- 
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raei’cial names, amidol, aei'ol), methyl-p-aminoplienol sulfate (commercial 
names, metol, elon, graphol, etc.), uiid p-plienylenediamine were found to 
meet all requirements, in spite of the fact that Fiske and Subbarow were not 
satisfied with the first two. We are unable to explain why they did not find 
them satisfactory since tliey did not state their reasons. 

Of the three substances mentioned, cion is the one of choice on account of 
its low price and its excellent keeping qualities. Unlike aminonaphtholsulfonic 
acid, it is readily soluble in a bisulfite solution. It can be kept almost in- 
definitely either in the crystalline form or in solution with 3 per cent sodium 
bisulfite.® The blanlvs produced with it are colorless. It is very insensitive 
to many common interfering substances. The following substances in the 
amounts stated per 15 c.c. of final mixture did not produce appreciable devia- 
tions in the readings in our set-up : 


Sodium fluoride 

15 mg. 

Sodium oxalate 

15 mg. 

Sodium citrate 

15 mg. 

Sodium nitrite 

3 mg. 

Sodium' nitrate 

150 mg. 

Sodium chloride 

500 mg. 

Ammonium sulfate 

500 mg. 

Ferric chloride 

15 mg. 

Trichloroacetic acid 

750 mg. 


In the case of large amounts of silicates special precautions, which will 
be mentioned later, have to be taken. 

The acid tolerance of elon is 0.9 to 2.2 c.c. This considerable range of acid 
tolerance permits the use of a single molybdate-sulfuric mixture for all kinds 
of samples, with almost no regard for the amount of free acid they may con- 
tain. For instance, if in the set-up to be described later 5 c.c. of the molybdate- 
sulfuric reagent is used, an amount of acid equivalent to 0.5 c.c. of concentrated 
sulfuric acid will be tolerated. 

The intensity of the color is practically the same as that obtained in the 
Piske-Subbarow method. The stability of the color is given in Table I. The 
data were obtained by first calibrating the curves at the optimum times of 
reading, as specified by the authors or as found by us. Values at other times 
were read from these curves. The sample contained 0.04 mg. of phosphorus 
Readings at optimum times are in italics. 


Table I 

Vioo OP Phosphop.us 



1 5 iiix. 

10 iiix. 

30 iiix. 

60 iliN. 

120 MIX 

Kuttner-Cohen method 

i 

4 

4 


4.06 

Fiske-Subbarow method 

3.92 

4 

4.15 

4.25 

Hydroquinone (room temperature) 

3.2 

3.65 

4 

4.5 

Elon 

3.35 

3.82 

4 

4 

4 

4 


wn Liie oasis oi me atore-mentioncd data and of the constancy and n 
portionality of the readings obtained with elon, we are of the opinion that 
use ofiiGis QGiiiiite tuivuiitages over previous uietliods 

iistts jj per cent snliitirkn mz-w * i i> 

vco- poorly. The rcu.ling ti.ne proposed by Mmtr Jhia solution ke 
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The following method was found to he sim])le and dependable. Its rc- 
■sults in many hundred determinations on biological materials (serum, tissues, 
phosphatase) were compared with those obtained with the Fiske-Subbarow and 
Kuttner-C'ohen methods, and proved to be in excellent agreement: 

Sohitions required. 

1. 10 N sulfuric aeid. . Pour 282 c.c. of concentrated sulfuric acid into 
600 c.c. of water. Cool and make up to 1,000 c.c. 

2. Molybdate-sulfuric reagent. ]\lix 2 parts of a 5 per cent solution of 
sodium molybdate (NaoiMoO.,.2ILO), 1 inirt of 10 N sulfuric aeid, and 1 part 
of water. 

3. Reducing solution. Dissolve 1 Gm. of dun in 100 c.c. of a 3 per cent 
solution of sodium bisulfite. 

Procedure. The metliod has been worked out for use with photoelectric 
colorimeters only. 

1. Calibration of the curve. Prepare a standard solution of monobasic 
potassium phosphate, containing 0.01 mg. of phosphoriLs ])er cubic centimeter 
(110 mg. of the salt in 2,500 c.c., with 1 c.c. of concentrated sulfuric acid). 
IMeasure into each of 7 test tubes or volumetric flasks, as the type of the 
colorimeter may require, 2.5 c.c. of the molybclatc-sulfuric reagent. Add 2 
c.c. of the phosphorus standard to the first tube, and 1 c.c. more to each con- 
secutive tube. The last lube will contain 8 c.c. of the standard. Add 1 c.c. of 
elon solution to each of the test tubes and fill them up to 15 or 25 c.c., re- 
spectively.® Read within from forty-five to ninety minutes. Use a red filter 
with transmission limits of about 600 and 750 mju.. Plot readings on a semi- 
logarithmic graph paper. The readings should fall in a straight line. 

If a range of much higher phosphorus values is required, the method of 
calibration will remain the same, except for i^roportionatelj* larger amounts 
of reagents and final volumes. 

2. Determination of phosphorus in sample. IMeasure 2.5 c.c. (or, if the 
sample is very acid, as after wet ashing, 5 c.c.) of molybdate-sulfuric reagent 
into a test tube or flask. Add about 5 c.c. of watex’. Add a measured aliquot 
of the sample, calculated to have a phosphorus content within the reading 
limits. Measure 1 c.c. of elon solution into the tube and fill up to the mark. 
Read as before. 

If the amount of phosphorus in the sample is entirely unlcnown, one may 
proceed in the following way ; Place 2.5 c.c. of the molybdate-sulfuric reagent 
in the test tube and dilute it with about 5 c.c. of water. Add first a small 
aliquot, say 1 c.c., of the sample, followed by 1 c.c. of elon solution. M^ait a 
few minutes. With some experience it Avill be easy to judge whether the in- 
tensity of the color is within the range of readings. If it is, dilute to the usual 
volume. If the solution looks too pale, anothei’ measured aliquot may be added 
until the color seems to be of about the right intensity. On the other hand, 
if the solution is too dark, it should be diluted to a greater final volume 

•AVith the Evelyn colorimeter the final volume should be 25 c.c. : with colorimeters using 
more narrow test tubes, such as the Lunietron apparatus, 15 c.c. 
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(up to S times). In our experiments we found that if such diluted solutions 
are read from a curve calibrated at a smaller volume, a correction of 1.75 pei 
cent has to be added to the values for each 100 per cent of diluent ; for instance, 
with a curve calibrated at 25 c.c., a reading; at 50 c.c. requires a correction of 
+1.75 per cent ; at 100 c.c., a correction of 3 x 1.75 or +5.25 per cent. 

In the ease of the pre.senee of large amounts of silicate add 0.5 c.c. of 10 N 
sulfuric acid for each 2.5 c.c. of the molybdate-.sulfuric reagent to the solution 
before adding the sample in order to deprc.ss the reduction of silicomolybdic 
acid. Take readings between forty -five and fifty minutes. The results of this 
slight modification of the don method compare very favorably with those ob- 
tained with the Fiske-Subbarow technique. It was found that the latter method 
is far more sensitive to silicates than the data given by the authors would in- 
dicate. 

Table II shows the results of the Fiske-Sul)barow method, of the original, 
and of the modified elon method in the presence of sodium silicate. All samples 
contained 0.05 mg. of phosphorus in 15 c.c. of the final mixture. To one series 
of the tubes 2 mg. of sodium silicate (NaoSiOs.OHoO) were added; to the other 
series 10 mg. Readings were made in 1/100 mg. of phosphorus. 


T..^ble II 



0 MIN. 

10 MIX. 

30 MIX. 

45 MIX. 

60 MIX. 

90 MIX. 

Fiske-Subbarow 







Control 

4.2 

5 

5.22 

5.28 

5.35 

5,45 

2 mg. silicate 

4.2 

5.1 

5.7 

5.86 

6.2 

6.0 

10 mg. silicate 

Elon, original 

Control 

4.2 

5.8 

7.5 

8.2 

9.1 

11.1 

4.3 

4.0 

4.9 

5.0 

5.0 

5.0 

2 mg. silicate 

0.3 

7.25 

9.25 

11.1 

14.5 


10 mg. silicate 

14.5 






FAon, modified 







H,SO, added 







Control 

4.3 

4.5 

4.S 

5.0 

5.0 

5.0 

2 mg. silicate 

4.5 

4.7 

5.0 

5.0 

5.1 

5.16 

10 mg. silicate 

4.0 

4.8 

5,0 

5.1 

5.3 

5.5 


If the sample is alkaline, it must be neutralized oi-, even better, acidified 
with trichloroacetic or dilute sidfuric acid, since the acidity of the molybdate- 
sulfuric reagent is close to the lower limit of tolerance. 


sinniARY 


The advantages and drawbaclm of the Fiske-Subbarow and the Kuttner- 
Cohen methods for the colorimetric determination of phosphorus are evaluated 
The use of don as a reducing agent is suggested. A new method adapted for 
use with the pliotoelectric colorimeter, is described. This method combines the 
advantages and eliminates the handicaps of the methods mentioned 


1. Kiske. 11., tiiitl Huljljtirow, V,: 
Riol. 66: 37.1, 1925 




The Colorimetric Determination of Phosphorus, J, 


i Kottnor. T. T, Cohen, p., 5„e,o C.lori.e.rie .StnUi.., f. a 

♦ Ph. -1 * 


lift, 1 . 1 ., and ifoaeii, It. it 








960 


THE JOURNAL. OF LAIJOKATOKY AND CLINICAL. JIEDICINE 


3. Benedict, S. E., and Tlieis, R. C.: A Alodilication of the Molybdic Alcthod for the De- 

termination of Inor<;anic BhospUorus in Serum, J, Biol. Chem. 61; 03, 1924. 

4. Briggs, A. P.: Some Applications of the Colorimetric Phosphate Alethod, J. Biol. Chem. 

59: 255, 1924. 

5. Bodansky, A.: Phosphatase Studies. I. Determination of Inorganic Phosphate. Beer's 

Law and Interfering Substances in the Kuttnur-Lichteustein Afethod, J. Biol. 
Chem. 99: 197, 1932. 

6. Aluller, E.: Dio Bestimmung der anorganischeii Phosphate in kleinstcn Seruinmengen, 

Ztschr. f. Kinderh. 57: 243, 1934. 


ADAPTATION OP THE SILVER COBALTINITRITE JIETHOD FOR 
POTASSIUM TO THE PHOTOELECTRIC COLORDIETEE* 


Earl H. ^YooD, M.D., Pii.D., Boston, M.tss.t 


T he silver cobaltinitrite potassitim method was introduced by Breh and 
Gaebler (1930) as an improvement of the cobaltinitrite method of Kramer 
and Tisdall (1921). This procedure lias been modified and its capabilities 
have been studied by Robinson and Putnam (1936), Truszkowski and Zwemer 
(1937), Ismail and Harwood (1937), Wciehselbaum, Somogyi, and Rusk 
(1940), and Harris (1940). 

The main advantages of this method over the more standard chloro- 
platinate method are: simpler analytical teclinique, lack of uiterference of 
sodium ion, decrease in the time required for an analysis, and the relatively 
small cost of the reagents used. However, the method lias the serious disad- 
vantage that it is based on reactions which do not occur in a strictly stoiehio- 
metrical basis. 

Silver cobaltmitritc is formed by the interaction of silver nitrate and 
sodium cobaltinitrite. Silver cobaltinitrite forms highly insoluble salts Avith 
potassium. There reactious can be represented as follows (Burgess and Kamm, 
1912) ; 

3AgNO, - 1 - Na,Co(KO.),, -> 3KaNO, -f Ag,Co(NO.), 

Ag,Co(NO,)„ -p K" -A- Ag.KCo(NO.). -i- K* AgK:,Co(NO.)c 
(precipitates) (preeipitates) 

As these reactions indicate, the composition of the precipitated potassium 
salt is not fixed and may vary under different conditions of precipitation; 
hence the potassium content of the precipitate cannot be calculated on a 
stoichiometric basis unless the precipitation is carried out under rigidly con- 
trolled conditions. 

Chloride, silver, nitrite, and ammonium ions will interfere udth potassium 
determination by this method. The chloride ion reacts with the silver of the 
silver cobaltinitrite reagent to form insoluble silver chloride. The amounts 
of silver and nitrite present influence the composition of the precipitated 

‘From the Department of Physiology. University ot Minnesota. 

An excerpt trom a thesis submitted to the graduate faculty of tlie University ot Minne- 
sota in partial fulflllment ot the requirements for the degree of Doctor of Philosophy. June. 1910. 
tPresent address. Department of Pharmacoloey, Harvard Medical School, Boston. 

Received for publication. February 16. 19-12. 
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potassiluu salt (Weichsalbauiii and co- workers, 19-10). If these t\\o ions aie 
present in relativelj' large amounts, they will preeipitate out as silver nitrite 
crystals. The ammonium ion reacts with silver cohaltinitrite reagent similarly 
to potassiiun, forming an insoluble complex, which unless the ammonia has been 
prenously removed would be determined as potassium. 

The sdver potassium cohaltinitrite complex decomposes and. goes into 
solution when exposed to hot acid or alkali. The amount of silver, nitrite, or 
cobalt in the resulting solution can be determined and serves as an indirect 
measure of the amount of potassium in the solution from which the complex 
was precipitated. 

The cobalt ion in relativel}' nonaqueous solutions, such as 95 per cent alco- 
hol or acetone, reacts with ammonium thiocyanate according to the following 
reactions (Heinz, 1929 ; Steffen, 1932) : 

Co(XO,), -r 2NH.CX.S -> Co(CN^S), F 
(colorless) 

Co(CNS), -i- 2NH.CKS (NH,).Co(CKS), 

(blue) 

Breh and Gaebler (1930) used this reaction as a means of determining 
the potassium eolorimetrically. This paper deals with the adaptation of this 
colorimetric method to the photoelectric colorimeter. 


METHODS 


The light transmission of alcoholic ammonium cobalt thiocyanate solutions 
from potassium analyses of standard potassium sulfate solutions was examined 
spectroscopically. The color of these cobalt solutions was found to be a mixture 
of red and blue, since the solutions absorb a relatively narrow band of light 
between 5,900 and 6,360 A.U. The Ijiie of photoelectric colorimeter® used in 
this study measures the intensitj' of light transmitted through the solutions 
being analyzed, and in this sense might better be called a photometer. The 
instrument attains a high degree of sensitivity, and in a sense becomes a 
colorimeter when used with filters which absorb all light outside the absorption 
ranges of the solutions to be analyzed. A compound filter, which transmitted 
light between 5,800 and 6,560 A.U., was found suitable for use with these cobalt 
solutions. 

The silver cohaltinitrite reagent and the precipitation procedure used in 
the potassium analyses were as described by Truszkowski and Zwemer (1937) f 
By means of a stopcock-controlled siphon, equipped with a capillaiy tip bent 
np at the end and beveled at the same slope as the inside of the pointed tip 


•The Evelyn Photoelectric Colorimeter, manufactured by the Rubicon r<on, 

.Iciphia, Pa., was u.scd in this study. The Kdett-Summerson Photoelectr c CnW 

f:icturcd by the Ivlett Manufacturing Company. New York, has been used manu- 

pcrimcnt.s. more recent e.x- 

tln more recent experiments the precipitation procedure and wo si, nco 
(19 10) have been used, and 1.5 C.C. of 7 per cent sulfuric acid have bren snW-?®i'S 

le .solvent for the prccipit.ated pota.s; dum coinple.x. hUric 


10) nave ocen usea. ami 1.5 C.C. of 7 per cent sulfuric acid have been sni,=r-? .S Harris 
acid as the solvent for the prccipit.ated pota.s.sium coinple.x. Such solutions "‘‘hc 

, per cent aieohohe ammonium thiocyanate are stable and when on 1 1® C.C. 

toelectric colorimeter .show a straisht line rcl.ation.shin he))ee.,T “'e Klett 


pllotor-l.i’ctric colorimeter \ViVow ‘ a"' str:u‘Kht“Vin‘'e rcLti^nship "betwmm "'‘di the'kmiv 

Kalvano.ueter readms. Tl.e best sensitivity has been attlined wUh •? and the 

niters Nos. Jto. 9Gj. and 97S. aiiameu with a combination of Corning 
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centrifuge tube^ in ■which the precipitation of the silver iiotassiuin cobaltinitrite 
eomplex is carried out, it has been found possible to withdraw the supernatant 
fluid completel}’’ enough so that the required number of washings and conse- 
quent centrifugings can bo reduced from three to one witliout detectable loss 
in accuracy. 

The procedure developed for the preparation of the potassium complex 
for pliotometric analysis was as follows: The supernatant wash fluid above 
the silver potassium cobaltinitrite eomplex was removed as completely as pos- 
sible with the capillary siplion described above. One cubic centimeter of a 7 
per eentf nitric acid solution was added, and the iireeipitate was di.ssolved by 
careful heating over a mieroburner. After cooling, the volume was made np 
to the 15 c.e. mark of the calibrated centrifuge tube with a freshly prepared 2 
per cent ammonium thiocyanate solution in 95 per cent ethyl alcohol. A blank 
consisting of 1 c.c. of 7 per cent nitric acid made up to 15 c.c. with the thio- 
cyanate solution was also prepai’cd. The centrifuge tubes were closed with 
rubber sto])pers previously washed with a nitilc acid-alcohol solution with the 
same acid and alcohol content as the blank. The tubes were centrifuged for 
three minutes to remove any suspended particles. The solutions were then 
poured into the photometer tubes, the photometer tube shield placed at the 10 
c.c. position, the zero point adjinstcd, and the rheostats set so that the gal- 
vanometer deflected to the 100 mark with the blank solution. The deflections 
of the cobalt solutions were then recorded. The photometer readings for alco- 
holic ammonium cobalti-thiocyanate solutions prepared in this manner and 
tightly stopiiered will remain constant for several hours at room temperature 
and for days if kept at temperatures below 10° C. 

The photometer was calibrated by running several series of analyses on 
kno-^ra potassium sulfate solutions with potassium contents from 0.05 to 0.50 mg. 
by steps of 0.05 mg. A calibration curve was constructed by plotting the log of 
the galvanometer deflections against the potassium content. 


RESULTS 


The accuracy obtained in potassium analyses of dog whole blood and plasma 
with this method, using an ordinary colorimeter, has been previously reported 
(Wood, Collins, and IMoe, 3940). Calculations based on 251 duplicate analyses 
indicated that the probable error of a single analysis was 1.2 per cent, or 2.3 /xg 
of potassium per cubic eeutimeter of plasma. The photoelectric colorimeter, if 
it is to be satisfactory for use with this method, must have a sensitivity which 
will allow detection of potassium content differences of less than 3 /ig. The 
standard deviation of a single photoelectric potassium analysis was calculated 
from 74 triplicate analyses of standard potassium sulfate solutions. The 


♦ Very pointed tip centrifuge tubes similar to tiie Keys (1937) ciiioride tube, but made 
witli a small glass foot to prevent perforation of shield cusliions during centrifugation, have 
been found suitable for tlie accuracy of the procedure and greatly increase it. 


tit was found that the alcoholic cobalt thiocj-anate solution was not stable if tlie silver 
notassium cobaltinitrite eomplex was dissolved in 20 per cent nitric acid, as de.scribed by Breli 
and Gaebler. In the course of an hour or so. depending on the temperature, this solution turns 
Irreen and a yellow precipitate forms, probably due to the transformation of tlie tliiocyanate to 
nerthioevanogen as a result of the oxidizing action of the nitric acid (McAlpine and Soule, 
1933) This difficulty can he avoided by the use of 7 per cent nitric acid as the dissolving agent. 



A 



> Tniiv«.-s of -standard potassium sulfate solutions: Variation of pho- 

™catTb7ri“oA aging of the sodium cobaltinitrite reagent (color: ammonium 




ioUition 


. Ill standard iioiasalum sulfate solutions were made up by dilution from the same stock 
jn ICach point is based on the averages of from 3 to 9 separate potassium analyses. 
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standax’d deviations have been plotted against the amount of potassium in the 
sample (Fig. 1). The average probable error in samples ranging from 50 to 
500 Jig of potassiimi was ±1.1 per cent (0.9-2.0). This probable error for potas- 
sium analyses is acceptable for most-biologic studies. 

The photoelectric colorimeter calibration curve (Fig. 2) in the region from 
50 to 300 pg of potassium was found to approach a straight line, the theoretical 
prediction for such an instrument. The slope of the calibration line in this 
region is such that 2.5 to 3.0 galvanometer divisions represent 10 pg of potassium. 
Since the galvanometer can be read accurately to somewhat less than one division, 
the sensitivity of the instrument will allow detection of concentration dift’erences 
of less than 3 pg of potassium, or in terms of plasma concentrations, 0.3 mg. per 
100 c.c. 

Plasma potassium analyses by this method are carried out on 1 c.c. amounts 
of plasma ; hence pota.ssium analyses of from 50 to 300 micrograms are ecpuvalent 
to plasma potassium concentrations of from 5 to 30 mg. per 100 c.c. This con- 
centration range far exceeds tlie normal range of plasma potiissium concentra- 
tion found in man or in laboratory animals. 

It was found that as the sodium cobaltinitrite reagent ages, the galvanometer 
deflections obtained from analyses of the same standard solution gradually de- 
creases, i.e., an apparent increase in the potassium content of the standard 
solution. This finding was cheeked by determining a series of four calibration 
curves at intervals during a period of over six months. All standard potassium 
sulfate solutions used for the determination of these curves were made up by 
dilution from the same stock solution. The silver cobaltinitrite reagent was 
made up fresh on the day of its use by the addition of 5 c.c. of 40 per cent silver 
nitrate to 100 c.c. of the same stock solution of sodium cobaltinitrite reagent. 
The silver cobaltinitrite reagent was filtered by suction througli a No. 4 sintered 
glass filter just prior to its use. A family of four separate calibration curves 
was obtained (Fig. 2). Tliis change in the calibration curve apparently indi- 
cates that the cobalt content of the precipitated silver potassium cobaltinitrite 
complex increases as the sodium cobaltinitrite reagent ages. This constitutes 
a serious source of error in the use of the pliotoelectric colorimeter for this 
method. This source of error can be avoided to a large extent bj^ running 
duplicate analyses of a standard potassium solution (containing 0.25 mg. of 
potassium) along with the analyses of unknown solutions. Since tlie calibration 
curves approach straight lines, the potassium content of the unknown solutions 
can be determined with reasonable accuracy by interpolation between the calibra- 
tion curves on the basis of the deflection obtained with the standard solution. 

The average results obtained for the potassium content of blood and tissue 
by the use of this method agree well witli tliose reported from other laboratoines 
using other methods (Wood and Moe, 1942; AVood, 1942). 

Use of the photoelectric colorimeter is much less laborious and time-consum- 
ing than the use of the ordinary eolox-imeter. By means of the method described 
it is easily possible for a single analyst to complete fifty potassium determina- 
tions within ten hours, omitting the time i-equired for precipitation of the potas- 
sium complex. 
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SUJI.MAKY 

(1) The adaptation of tlie silver cobaltinitrite method for potassium to tlie 
photoelectric colorimeter is described. 

(2) The method is devoid of intricate technical procedures and substantially 
decreases the time recpiired for a iiotassium analysis. 
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MEDICAL ILLUSTRATION 


AGAR COMPOSITIONS FOR MOLDING; THE TECHNIQUE OP 
COSIPOUNDING AND USING 


Cakl Dame Clarke, Pn.D,, axd Elizabeth S. Cone 
Baltimore, Md. 


T he eompounding and technique of using agar compositions for obtaining 
impressions of human tissue have been discussed at considerable length 
in previously published articles.*- - Recently a number of articles have ap- 
peared which add materially to the information on this subject. Mo.st notable 
among these is the review Iiy Paffenbarger,^ M’ho considered in detail commercial 
agar preparations. This author has perfected devices for testing compositions 
as to their strength under pressure, their elasticity, and their ilowiug qualities. 
He presents a set of general specifications for making agar compositions suitable 
for use in dentistry as a material for inti-aoral im])ressions. However, he does 
not explain how agar compositions may be compounded or cimnged to suit 
specific cases. It is the purpose of our paper to include a discussion of this 
important subject. 

Since the appearance of the afore-mentioned articles, Kaufman* has de- 
vised a face mask of brass tubing through which cold water may be forced to 
facilitate rapid cooling of the negative, so that it may be removed from the tissue 
surface in a shorter period of time than was required previously. In this 
paper we shall also discuss the technique of preparing these molds in such a 
manner as to reduce the setting time of the agar composition. 

In discussing the composition of agar molding materials, a basic formula 
may be considered. It should be realized that this formula is lle.xible and can 
be changed to suit specific requirements. IMethods for changing tlie formula 
will be given folloAving the reason for using each chemical. 


Agar 4 ounces 
Water 100 ounces 
Zinc oxide 1 ounce 
Oxyquinoline sulfate 10 grains 
Cellucotton J ounce 
Cotton 15 grains 


Agar is the basic substance. When mixed with water it liquefies com- 
pletely at 100° C. and does not jellify or start to set until it cools to about 
40° G. Paffenbarger has found this setting point to vary from 36° to 44° C. 
in different batches of agar. It is this property of agar that makes it suitable 
as a molding material for use on living human tissue. The more serviceable 

•From the Department o£ Art. University of Maryland School of Medicine, Baltimore. 
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composition shonld set at ov neav 4rt° G. If it sets below body teinpcralure, 37° 
C., it is less satisfactory for use on living human skin. Agar differs greatly 
from gelatin or glue in this respect. It will adhere closely to the melting and 
.setting points when mixed with water in spite of high or low concentrations. 
The amount of water in a gelatin or glue mixture plays a more important 
part on the temperature of its setting or jellying point. The higher the water 
content, the lower will he its setting point, and vice vensa. 

According to Paffenbarger, manufacturers report that they find it im- 
possible to procure agar which is nnifovvn from, hatch to ijatch. Agar from 
different species of seaweed from various parts of the world, or from different 
parts of the same corinti'y, shows varying characteristics.' Therefore, it be- 
comes necessary to refji:c ihc crude product ))eforc it can he used a.s an im- 
pres-sion material. We have found that the commercial powdered agar has les.s 
strength in solution than either tlie granular oj- shredded agar. However, the 
powdered agar goes into .solution more readily. The higher the agar content, 
the stronger the composition will he, hut its flowing qualities will he reduced 
accordingly. The agar composition must possess a viscosity that will permit 
easy flow' into the smallest details to obtain accurate impressions, such as the 
fingerprint pattern. If the flow is too sluggish, air bubbles and lap or border 
lines will be formed in the mold, w'hich in turn will produce a defective ca.st. 
The agar content, as well as each of the other ingredients, mu.st be balanced 
against one another to produce a composition suitable for making intraoral 
molds, mold.s of the skin surface, and molds of inanimate objects. For e.xample, 
a mold of the gum surface is made by pressing a tray filled -with agar com- 
position against the gums. Its fluidity is more viscous because the pre.ssure 
exerted in a comparatively small space has a tendency to reduce the po.s.sible 
formation of air hvrbblcs. A composition suitable for application -with a br'u.sh 
to the human skin, .such as a face or hand, .should be less fluid, since it must 
flow by gravity w'ithout pressure into every detail. However, it must be 
sufficiently viseoas to remain rvhere it is placed in adequate quantities to 
obtain a mold of the desired thickness. A less viscous composition may be 
poured over an inanimate protoplasmic specimen, such as a part of the viscera, 
or a nonprotoplasmic specimen, such as a plaster east placed in a walled area. 
In many eases the viscosity of the agar may he controlled by the water content 
of the mixture. In other w'ords, tJie .same mixture may be used for all three 
purposes if the w'ater content is changed to suit the specific ea.se. How'ever 
this is not the ideal method. The mi.xture .slionld he compounded to suit 
definite requirements, hecan.se the agar content of a mixture often determines 
its setting .strength or elasticity. Other ingi'edient.s, such as an c-.vee.ss of alum 
and iron sulfate, will reduce this .strength despite the .small amount of w'ater 
used. 

Water i.s an important factor in the pla.sticity and friahilitr of a<'ar 
compositions, both in the liquid and .set statc-s. The water content must'’be 
halaireed against all other ingredients. Regardle.ss of the other ingredients if 
there is too much water in the mi.xture it will lack .strength and elastieitv 
The agar content mqjarl.s tlie.se desirable projicrties to the mixture The re 
maiuing ingredients oftset difticultics that can and do ari.se wlien an a-ar-watec 
niixtiH'e i.s used for ^ 
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Zinc oxide, talc, whiting, and similar nonsoluble earths and minerals mix 
physically with agar but have little chemical effect upon the composition as 
a whole. They give the mixture bulk and weight. Tlieir main u.se is to change 
the electrolytic action of a setting plaster cast that is made in an agar mold, or 
to absorb any sub.stancc that may be excreted from the agar during and after 
setting. Such a secretion can cause a softening of tlie surface of a plaster cast 
made in an agar mold. In other words, if these tillers or ab-sorbing agents are 
not included, a plaster cast made in an agar mold does not set properly. There 
are other substances, such as borax, sodium chloride, and sorbitol which have 
a chemical action on agar compositions, materially toughening them and at the 
same time reducing the plasticity or flowing qualities of agar eompo.sitions as a 
whole. Borax may be substituted for zinc oxide; it causes the resulting mixture 
to be more elastic if the cast is to lie of wax. Such a mold has a detrimental 
effect on the plaster east. However, it is possible to balance the borax or 
sorbitol against the zinc oxide, talc, or similar earth jiigincnts to prevent this 
softening or “skinning” of the resulting idaster cast, and at the .same time 
produce a more elastic mold. In fact, concentrated sorbitol-agar mixtures have 
a strength that is a thousand times greater than that produced in* ordinary com- 
mercial agar molding compositions. The latter compositions serve their purpose 
well in the cire-perdue or lost wax casting proeo.ss as an intermediate step in 
making metal easts of sculptures. These mixtures will have to be perfected for 
use as a molding material for plaster casts. 

OxyquinoHne sulfate is probably the best preservative for agar compositions 
because it prevents mold growtii over a long period of time. It is not as 
volatile as thymol, nor is it as toxic as phenol or sodium fluoride, all of which 
have been used without complete success. Sodium fluoride is quite toxic in 
large quantities, but it has its place as a preservative for colloidal jellies that 
are applied to inanimate uonprotoplasinic subjects. OxyquinoHne sulfate is 
used in such small proportion that it has no effect on tlie plasticity of the agar 
in the prejelly state, 

Cellucotton and cotton may be grouped together, since they liave the 
same effect on agar mixtures, the effect being purely physical and not chemical. 
When these fibers are dispersed throughout an agar composition, they have a 
mechanical influence on the mixture, thereby bolcliug it together. The cotton 
fibers are much longer than those of the cellucotton, which is a wood product. 
The amount of cotton fibers used mn.st be kept low, for they tend to collect on 
the spoon during stirring and form in knots or clots throughout the mixture. 
These two substances, especially the cellucotton, increase the internal friction 
of the mass in both the liquid and set states. In other words, they give it 
body and reduce its flowing properties or plasticity. 

Some manufacturers have incorporated rublier cement or para rubber dis- 
solved into one of its solvents, such as benzine, into their agar compositions. 
After considerable experience in carrying out over two thousand experiments 
with such mixtures, we have come to the conclusion that the rubber, even 
when incorporated properly, is not only valueless in the mixture but is one of 
the most difficult ingredients to disperse evenly throughout the mass. It 
mixes only physically and not chemically, and provides thousands of tiny rubber 
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The agar coin- 
it is poured, 


Fig. 1.— Making an agar mold of an inanimate object. ^Vn animate nbieet 
may be made m the same manner if a retaining wall of clav nr ^ ^ hand, 

the hand. A better method requiring less agar c§m'posit°on‘'irshow“m 

A, A cardboard or. preferably, a glass box is made as a retaining w^li 

position IS poured into the box and allowed to set. leuiiningr wall. 

B, After setting, the specimen is removed. 

C, The wax positive composition is poured or naint^d 

the mold is turned until the composition covers all surfaces. agar mold. __ 

B, After the composition readies a thickness nf inr-i-* 
to reinforce the mold. inickncss of inch, gauze is applied with melted wax 

U — 
wooden __ 

an oblong yj*, tiin oe 

latter method requires le.ss wax 
F, Afte * 

to make it si — h TiYnTn-x. 

positive will mix with the oil paints useS in coloring. 


im'base. The reniainrng‘’mold’ is'iJourLd with‘'i^lted''wa'J ^If the specimen on 

:'r^tlfc:r?v°q'uiVe‘'s“‘}e.5r.^“ “>-1- "»l,"|aul^e‘d¥pp?d^r?n"elTei^^’4’'°'i^^ 

:i;5srs8is.»ss 
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bands that in tiiemselves exert less jnecijanieal infineneo in liolding together the 
particles than does the same amount of eeiiueotton. We are inclined to believe 
that the commercial manufacturer includes rubber purely for its psychologic 
effect on the buyer. It is rea.soned that since rubber i.s tough and ela.stic, it 




Fig-. 2. — The flnislied ivax-i'esirj casts. 

a. Wax specimen of an opened heart that was made in the agar mold seen in Fig. 1. 
B, Wax cast of a kidney made in the same manner. 


should impart these tpialities to agar coinpo-sitions, but we have found no 
evidence of such effects. Our tests and analyses liave shown that the com- 
mercial products containing rubber were less elastic than those without it. 

Technique . — The basic formula mentioned in this text can be used for 
the various tj^pes of molding specified. However, as in all tj'pes of art work, 
the manner in which the formula is compounded and used determines the 
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Fiff. 3. — The painting rather than pouring method of making an agar mnld of qo 
object. This method uses less agar and requires about the same amount of time m 

A, The hand is placed on a piece of glass. maKe. 

B, The agar composition is painted on the glass around the hand to anoho.. ■ * 

tion. It is then applied over the hand. nanii to anchor it into posi- 

C, Rough edges of the agar are cut off and scraped away. 

mold t^e"cold^vLi"r-plaL"■“^^^^ "'old. If the 

uu,,t A- '• - ■-*'»' 

the po^itive.'^ - “'“t "hen inverted it will be level for pouring 

case. ‘he agar mold may be taken from the plaster 

of sheuA^lixa'tKv- aml'cJlorl!;?.'''-" ■‘e-aoving the positive. This is given a coat 
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iE poS:rpt!: “» 

apo ,„t].o,rt ouimblmg or erackpig. It Im, ehoretore, become nccessan- to 



0 . 



Pig. ^.—Making the agar mold of a far., o'!,! 

erect. However, a rest for the head should be orm-idS^ the subject is sittin 

A, A small amount of asar is x^\nre^A ^ ^ 

temperature. If it is too hot. it will not on?..* ’’^nd of the subject to test it 
face longer to allow complete setting. ^ ^ *^*^comft>rtabIe, but it must remain on th 

, the temperature is correct the ar-=r 

-™Positibn 

C. Care must be taken in workimr the 

breathing. In this illustration the coraposiUon alionE??""'^ *« a“°"' openings fo: 

nostrils. •*' alJoned to run between the openings of th< 

D, As the work progresses upward, the comneoin ■ 

mgs to Uie nose. Even if the nostril is covered, normal oarefully around the open- 

composition will not be sucked into the nose uniess^ls too fl d^ "P®”' 


A 
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follow one of two so that it will not wai-p 

plaster or a wax-iesui she ,,,A„{orcc a thick agar mold with metal sup- 



5 Haking the plaster shell to support the agar mold, 

A Alter the agar mold has completely covered the face, the plaster-water mixture is 


applied plaster becomes thick during the setting, it is applied with the hand until 

B.imclent thickness is built up. 

„ ™, completed plaster shell. It will be noticed that openings have been left for breath- 
. vUhouch straws placed in the nostrils could have been used, better results mav be ob- 
If the worker masters the tcchnlfiue of handling both agar and plaster. 

lliini-U fnrvf. 


^iforo^tl'ic plJUifer (s applied- 


•A 


^.u^labIe wire nia^k Is sold by the Wurren-Knight Company, Pliiladelphia. 
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I’orccd tlu’ou;j:h the lul)es and tliesc aid eonsideraiih* in cooling the agar com- 
position to its setting point. However, lioth the wire and tnhnlar masks have 
two di.sadvantages. Seldom do they fit snugly or closely enough to the skin 
surface to allow a thin mixture of agar to he applied. If they are anchored 
to the agar mold with gauze ties jircviously dipped in agar, their efficacy is 
reduced and much time is consumed in the process. Le.ss time is reiphred to 
make a thin phuster shell. Although an agar mold may he reinforced with 



Fiff. 6. — :Making an agar mold of a proftlo. 

^1, A cardboard cutout is made to cover the profile of the face. This mav be done in one 
of two methods. A piece of soft solder wire is bent over the face to take the outline of the 
face and head. This is renjoved and placed on the cardboard, and its inner surface is traced. 
The space is then cut out of the cardboard wiUi the scissors. The other method is to place the 
head against a piece of cardboard. A pencil is then held vertical to the cardboard and an 
outline of the face is traced. These outlines seldom are absolutely accurate. Open spaces often 
exist between the face and the cardboard. Pieces of gauze are laid over these openings as the 
agar is applied. The gauze prevents the agar from running through the opening. As the work 
progresses from the bottom upward, tiic gauze is moved adjacent to the face. In cases of very 
loose hair, as seen in this illustration, it is advisable to give the hair a thin coating of 
petroleum jelly to prevent the agar from flowing too deeply into the hair. However, this can be 
dispensed with if the agar composition is applied with a syringe or grease gun having a nozzle 
which can produce ribbons of agar. Similar devices are used for decorating cakes. 

B, The rough outline is cut away after the agar moW is completej. The subject can 
breathe through the nostril tliat is not covered with agar. If breathing is difficult through one 
nostril, an opening is left m the opposite side as the agar mold is applied. 

C, The plaster shell is applied after the agar mold is completed. 

Z), Tlie completed shell covering the agar mold. 
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gauze dipped in a liquid agar composition, such masks are less effective than the 
simple application of a thin plaster shell because more of the agar composition 
is required to make a thick mold, and this takes longer to set. The resulting 
thick agar mold is seldom as strong as the thin agar mold that is reinforced 
with a thin plaster shell. Furthermore, when one layer of agar composition is 
applied over a set layer, the different layers will probably separate and produce 
a weakened, crumbly mold. 



Figr. 7. — The wax cast made from the agar mold seen in Fig^. 6 ready for coloring, 

A single thin painted layer is generally reinforced by means of a plaster 
rather than a wax-resin shell or case. It would be logical to reason that this 
double molding process requires more time to complete. On the contrary, this 
is not true, for the thin layer of agar composition sets quite rapidly and the 
plaster may be mixed thick, or its setting time may be accelerated by the addi- 
tion of sodium chloride or potassium alum. It is practical because detail on 
the inner surface of the ease or shell is not nece.ssary. In this manner both 
the agar mold and the shell set rapidly, in the same length of time that w'onld 
be required for a thick agar mold or a detail plaster mold to set. 

The thin layer of agar composition obtained in painting shi-inks and cracks 
rapidly. Therefore, the east must be made soon after the mold is removed from 
the .sul)ject or the mold must be kept in wet towels if considerable time elapses 
between the making of the mold and the making of the cast. The same rule 
applies to the making of impressions of the face as well as other surfaces of 
the body. ^Ye have learned from experience that in spite of the.se drawbar-h^ 
better re.sults are obtained with the thin agar mold and the reinforeiim plaster 
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Here it may be eonlended tiiat u idaster mold could have been made in 
the beginning without the use of agar. This i.s erroneous for three major 
reasons; (1) The plaster does not record as much detail as the agar; (2) the 
mold is more difficult to remove from the .sulijeet; and (3) the east is decidedly 
more difficult to remove from the mold. 
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TISStTB, A New Staining Method for Gram-Positive and Gram-Negative Organisms in 

Prozen Sections, Krajian, A. A. Arch. Path, 32: S25, 1941. 

Method : 

1. Prepare frozen sections, 7 to 10 microns thick, in the usual manner. 

2. Stain for two minutes in alum-hematoxylin (Harris' method). 

3. Wash in tap water until blue, and destain rapidly in acid alcohol, dipping in and 
out five to seven times. 

4. Binse in tap water and apply copper sulfate-zinc solution for three minutes (7 Gm. 
of copper sulfate and 4 Gm. of zinc sulfate dissolved in 100 c.c. of distilled water -with 
the aid of heat). 

5. Pour off, and apply brilliant green solution for five minutes (0.3 Gm, of brilliant 
green dissolved in 10 c.c. of copper-zinc sulfate mixture). Binse in water and fortify for 
one minute with a 5 per cent aqueous solution of ammonium nitrate. 

6. Binse in tap water and apply carbolfuchsin (Ziehl-Neelsen method) for two minutes, 

7. Binse in tap water, blot, and apply dioxane for two minutes. 

8. Pour off, and without wasliing apply creosote-.xylene (equal parts), changing the 
solution several times and agitating the slide for even differentiation until the background 
appears to be clear red with no more stain leaving the section. (Tliis step requires about 
one minute, and it is advisable to control the differentiation under the microscope.) 

9. Clear in pure xylene for two minutes. 

10. Moimt in gum dammar. 

With the use of this method, nuclei stain bluish red; gram-positive organisms, bluish 
green; gram-negative organisms, red; monilias and ccrinomycetes, green; and Negri bodies, 
bright red with greenish chromatin bodies. 

,\11 the staining solutions are stable, except the brilliant green, wliich keeps well for 
about twenty-four hours. 


UEOBUjINOGEN, Determination of, in Feces and Urine. Watson, C. J., and Bilden E. 

,4.rch. Int. Med. 65: 740, 1941. 

Direct comparison has been made of the Sparkman and the Watson procedure' for 
e.stimation of urobilinogen in feces and in urine. 

Sparkman’s report of higher values obtained with his technique, particularly as applied 
to urine, has not been confirmed. Opposite result were noted in the present investifmtion 
Eeasons for this di.'-crepancy are discussed. 

Evidence is presented which indicates the desirability of (a) obtaining an average 
per diem value for excreted urobilinogen, especially for fecal urob'dinogen, over a period of 
several days, and (b) using a method which permits concentration of small amounts of 
urobilinogen whenever necessaiy because of low concentration in the sample. 


B. dYSENTEBIAE (Flexner). A TeUurite EosoUc Acid Medium Selective for Wilson 
W. J., and Blair, E. M. MclT. Brit. M. J. Oct. 11, p. 501, 1941. ’ ’ 

To ino C.C. of melted nutrient agar cooled to 60° C. in a flask are added 05 cc of 
1 per cent ro^olic acid di.-.-olvcd in absolute alcohol, 1 c.c. of a 4 ner cent wet i 1- 
of iron alum, and finally 3 c.c. of a lactone-tellurite solution. The latter solution " 
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dissolving in it 0.2 Gnu of potassium tellurite. It i.s necessary to dissolve the tellurite in 
a cold temperature, otherwise reduction occurs. This lactose-tellurite solution keeps for weeks, 
the tellurite being an elTeetive preservative against bacteria, but not against molds. Growth 
of the latter can be prevented by the addition of 3 per cent of oilier and by keeping the bottle 
tightly stoppered. 

lYhen the contents of the tlask containing the medium have been thoroughly mixed, 
they are poured out into Petri dishes and allowed to set with the liils removed. A large 
loopful of a thick fecal emulsion in peptone water i.s .spread over the surface of the plate 
and allowed to dry in the air. After incubation at .'!7‘’ C. for eighteen hours, the pink 
colonies of noxirer's bacillus are readily distinguished from any yellow colonics of resistant 
B. coli which may have developed, i'lexner’s bacillu.s forms alkali, and the colony becomes 
distinctly pinkish red. In cost cases the growth can be tested at once on a slide for 
agglutination with a polyvalent Flexncr agglutinating scrum. 

PROTHROMBIN DEFICIENCY In Pulmonary Tuberculosis, Sheely, R. F. J. A. M. A. 

117: KiO.l, 1941. 

Among lOlJ cases of active and chronic pulmonary tuberculosis (10.;l pier cent of 
minimal, 20.() per cent of moderately-advanced, and tiO.l per cent of far-advanced tuber- 
culosis) studied in regard to the concentration of prothrombin in the blood, a significant 
deficiency of prothrombin was found in 51. 

Fifty patients had far-advanced tuberculosis, and 5 of tbesc were receiving treatment 
with artificial pneumothorax, with resulting unsatisfactory collapse of tlie diseased lung. 
Two patieiits were undergoing re-expansion of tlio eollupsed lung. 

Among the patients, 73 per cent w-ith minimal, CO per cent witli moderately-iulvanced, 
and 9.G per cent with far-.advancod tuberculosis hud a prothrombin concentration within the 
normal range. (A total of (iS.5 per cent of those with far-advaneed tuberculosis had a 
prothrombin concentration below 59 per cent of normal.) 

There was no constant relation between the protlirombin concentration and the 
sedimentation rate. The status as to prothrombin level appeared to coincide with the clinical 
and roentgenologic status of the majority of the patients. 

It is suggested tliat the protlirombin concentration sliould be determined in every case 
of lienioptysis in pulmonary tuberculosis. In -4 cases of frank hemoptysis with associated 
pirothrombin deficiency, tlie elevation of the blood prothrombin level on the administratiou of 
vitamin K, oraily and pmrcnteraiiy, was a iikely factor in the control of tlie bemoptysis. 

Tlie significance of the protlirombin concentration in surgical procedures on patients 
with pulmonary tuberculosis must await further study. 

The prothromhin concentration in the blood of patients with tuberculosis seems to be 
related, in some way, to the toxemia resulting from the existing tuberculous infection in 
the lung. 

SUIiFANHiAMIDE, A Simplified Method for the Estimation of Sulfapyridine and, in 

Biological Fluids, Scott, L. D. Brit. J. Kxper. Path. 22; -J-JO, 1941. 

1. (a) Stock standard of M & B 093 Pagenan. One hundred milligrams of pure 093 
dissolved in 100 e.c. of N/lOO sodium liydroxide. A special preparation of 093 is supplied 
for chemical analysis by Alay and Baker. Ltd., Pagenham, England. 

(b) Stock standard of sulfanilamide, 100 mg. of parmimiuobeuzone-sulfonamidc 
(B.P.H.) per 100 e.c. of water. 

2. Standard solutions of 693 and sulfanilamide. Tivo standards are prepared of 
each 2.5 and 5 c.c. being diluted to 100 c.c. with water. One cubic centimeter equals 0.025 
and 0.05 mg. ol 693 and sulfanilamide, respectively. 

3. Three per cent (by volume) hydrochloric acid. 

4. Dilution I-.IO with water of 0.5 per cent aqueous sodium nitrite solution. (The 1:10 
dilution is prepared prior to the test or freshly each day.) 

5. Fifty per cent aqueous solution of urea. 
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G. One per cent (by volume) iikoliolie solution of ilinietliyl-“-m‘l)'‘l''y'ii'''’>''« prepared 
freshly caeli month from stock solution (B.D.II.), nnd stored in an amber ground-glass stop- 
pered bottle. 

7. Diluent for colorimetry: *d0 e.e. of water, 5 c.e. of 11 per cent hydrochloric acid, and 
.0 c.c. of absolute alcohol. 

S. Xornial hor.-e serum and oxalatod whole blood (Burrouglis Wellcome & Co.). 

9. Approximately 0.2o per cent protein solution prepared by a l:2d dilution of tlie liorse 
serum with O.o per cent sodium chloride. Ifive to G drops of 10 per cent alcoholic thymol 
solution is added as preservative. 

10. Cordite tubes of uniform bore, graduated in 0.1 c.c. and of 5 c.c. capacity (diameter 
1 cm., length 12..') cm.). 

Xote. .Solutions 1, 2, (i, .S, 9 if kept in the refrigerator arc stable indefinitely. 

Procedure for CerehroHpinal Fluid. — Introduce into two test tubes (graduated at !) c.c.) 
in the following order, with thorougli mixing after each addition: 

Standard Tent Cerebro.npinaJ Fluid 

0.5 c.c. of standard (0.05 mg. per c.c.) 1 c.c. of cerebrospinal fluid 

0..5 c.c. of 0.2.5 per cent protein solution 0..5 c.c. of .1 per cent hydrochloric acid 

0.5 c.c. of .1 per cent hydrochloric acid 

0.5 c.c. of 1:10 dilution of .“odium 0.5 c.c. of 1:10 dilution of sodium nitrite 


Stand at room temperature for five minutes. 

Add 0.5 c.c. of 50 per cent urea solution to each tube, mix well, and allow .standing 
for three to five minutes longer for the urea to de.stroy excess of sodium nitrite. (The 
unused residual nitrous acid otherwi.se reacts with the dimethyl-a-naphthylamine to form a 
brownish-orange coloration tliat makes colorimetric comparison somewhat difficult.) 

Add 0.5 c.c. of 1 per cent alcoholic dimethyl-a-naphthylamine to the contents of each 
tube, and mix very thoroughly. Allow to stand for ten minutes, and tlien dilute both volumes 
to the 5 c.c. mark with the special diluent fluid. Mix again, and compare colorimetrically 
or by dilution colorimetry. 

Calculation : -jj x 0.025 mg. x 100 = milligrams of sulfonamide 
per 100 c.c. of cerebrospinal fluid. 


Procedure for Blood Serum . — 

Standard 

0.5 c.c. of normal horse serum 
0.5 c.c. of standard (0.025 or 0.05 mg. per 
c.c.) 

0.5 c.c. of 3 per cent hydrochloric acid 
0.5 c.c. of 1:10 dilution of sodium nitrite 


Te.nt Serum 

0.5 c.c. of serum 

0.5 c.c. of water 

0.5 c.c. of :t per cent hydrochloric -acid 

0.5 c.c. of 1:10 dilution of sodium nitrite 


Stand -at room tempcr.iture for five minutes. 

Note.— It should be noted th-at the occurrence of hemolysis renders this technique u.“e- 
Icss, it being impossible to match the colors of Btand:ir<l -.md test solution. 

Add 0.5 c.c. of 50 per cent urea solution to e:ich tube, stand again for three to five 
minutes, and then add 0.5 c.c. of dimetliyl-a-naphthylamine to the contents of both tubes 
llix and allow to stand for ten minute.s, after which the volumes are diluted to 5 c c witli 
tlie dilution fluid. Mix thoroughly and compare in the colorimeter or by colorimctiy. 

Calculation: ^ x 0.0125 or 0.025 mg. x 200 = milligrams of sulfonan.idc per 100 c.c. of serum. 

Procedure for ll'liolc Blood and Lipemic or Ilcmohjctd Sera 

Into a sm-.dl test tube introduce 2 c.c. of water, and add 1 c c of ul.nl . m i 
or plasma. After nuxing well, st:ind for two to three minutes for nl-ismolv is t 
Add 2 C.C. of 15 per cent trichloracetic acid, drop bv drop with e^ 1 n \ ‘ 

.sli:iUr the mixture vigorously an.] filter it tlirougli a Vo 1^5 1 W 1 ‘ 

r, * . X 0.0 (.m. Whatman paper. Pipette 
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2.5 c.e. of filtrate into a 5 e.c. graduated test tube, and add 0.5 c.c, of 1:10 dilution of sodium 
nitrite. Allow tlie tube to stand for live minutes at room temperature and tiien add 0.5 c.c. 
of urea solution, followed by 0.5 c.e. of alcoholic dimethyl-a-naplithylaniine. 

The standard is prepared at the same time by adding 0.25 c.c. (with a micropipette) 
of stock sulfonamide solution (100 rag. per 100 c.c.) to -{.75 c.c. of o.valated horse blood or 
liorse serum as the case may be. IMix thoroughly and pipette 1 c.c. into 2 c.c. of water. The 
above procedure for the test blood is then followed in detail. 

After the addition of the coupling reagent to the standard and test solutions, the 
colors arc allowed to develop at room temperature for fifteen minutes, and are tlien diluted 
to 5 c.e. with the following diluent: 25 c.e. of water, 10 c.c. of 15 per cent trichloracetic 
acid, and 5 c.e. of absolute alcohol. The content.s of eacli tube are mixed well and com- 
parison is made by dilution colorimetry (using the diluent just described), or by colorimetric 
means. 

g 

Calculation: ^ x 5 = milligrams of sulfonamide per 100 e.c. 

Estimation in Crine . — A 1:5 dilution or a 1:10 dilution of urine is made with the 
0.25 per cent protein .solution, and 0,5 c.c. is t;il:cn ami compared witli a suitable standard. 

StanJartl Urine 

0.5 c.c. of standard (0.025 or 0.030 mg. per 0.5 c.c. of 1:5 or 1:10 dilution of test urine 
c.c.) with 0.25 per cent protein solution 

0.5 e.c. of normal control urine diluted in 0.5 c.c. of water 
the same i)roportion as the te.st urine 
with 0.23 per cent protein solution 

Proceed as for the blood scrum method. 

g 

Calculation: ^ x 0.0125 or 0.025 mg. x dilution of urine x 200 = milligrams of 

sulfonamide per 100 c.c, of urine. 

With other body fluids, such as transudates or exudates, treat exactly as for tne blood 
serum method. 



REVIEIVS 


Books and Monographs for Bevieu' should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Kichmond, Va. 


The Advancing' Front of Medicine* 

A Jl EXCELLENT volume dealing with recent advances in all fields of medicine, prepared 
for the intelligent layman. The various chapters are elaborations of short articles 
which liave recently appeared in Sarper’ii Magazine and elsewliere. By virtue of his many 
years of connection with The Rockefeller Eoundation, Dr. Gray' has developed a facility in 
understanding and presenting, in a delightful maimer, information in science and in medi- 
cine. Physicians will enjoy this book as much as laymen. It is up to the minute and 
completely authentic. 


Stethoscopic Heart Records t 

T his is a book only in the sense that it is a bound volume. The binding covers a series 
of seven Columbia single-faced records, prepared by Dr. Geckeler for student instruction 
in cardiac auscultation. The records ,are played on the phonograph. The auditor sits wear- 
ing his stethoscope and the sounds appear to come through the stethoscope, simulating in a 
remarkable manner what one actually hears at the bedside. There is a running commentary 
describing what will be heard ne.xt. 

Normal heart sounds, abnormal heart sounds, murmurs, and arrhythmias are illustrated. 
The reviewer was impressed with this excellent idea for student instruction. It will 
probably also find value among those medical graduates who like to check from time to time 
on the accuracy of their work. It might be described as a very short refresher course. 

One very minor criticism is that at one point the commentator may be misunderstood 
as implying that one can tell the difference between syphilitic and rheumatic aortic valve 
diseases by the character of the murmur. 


Diseases of the Bloodt 


'T’HE book is just what it purports to be, an atlas of hematologj\ It is beautifully illus- 
trated with many full-page color plates. The text covers not only the pathologic findings 
but also the diagnosis and treatment of the various blood dyscrasias. An example of the 
thoroughness of coverage is found in Table XIX, which lists the relative cost to the patient 
per unit of various brands of liver extract. 

Hematology has developed a language of its own, and the first two chapters deal with 
terminology and definitions of hematologic terras. There follows a discussion of the origin 
and development of blood cells, and a long section presenting what is known concerning the 
normal blood and marrow constituents. The m.ajor portion of the book is given over to 
blood diseases. 

The volume should be of great value to clinical pathologists and internists. 


Arrhythmias. By George D. 

tDlse^es of the Blood and Atlas of Hematology. With Clinieil nn.i i ^ 

scriptlon.s of Uie Blood Diseases. Including a Section on TechniV nm) 

R Kracke. M.D Professor of Bacteriology. Pathology and 
University School of Medicine; Pathologist to the Emoo' Univereitv 

the Grady Hospital and Eggleston Hospital for ^ '-nnsultant in 

Director of the Hematological Registry. American Society of Clinion'i ^oDner 

ed. Uioroughly reylscil. reset ami enlarged. 092 pages ^',1 color doth, 

iratlon.s, si.,, no. J. B. Lippiacott Company. Phlladelphfa. ‘Londom iIontreal‘*”l 9 H‘' 
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Immunology''' 

O NE is surprisuJ ut the puucily of recent hooks written primarily for discussion of 
immunology. Alo.st .such volumes cover bacteriology and immunology, with major 
emphn.sis on the former. Sherwood's hook, theiefore, stands alone. If there were a pro- 
fu.sion of other hooks, it would still stand alone. This is probably the chief ruason why the 
second edition appeared soon ufter the first. New chapters have been added, a few change.s 
suggested by reviewers of the first edition have been made, and the subject has been 
brought up to date. 


The Retinat 

C OVERINU much more than its title implies, The lletiiui is a most comprehen.sive revieir 
of anatomy of the retina and the visual pathways and the physiology of vision. The 
tremendous bibliography illustrates well the thoroughne.ss with which the author has covered 
his subject iu his ten years of inve.stigation. .Much of the eontents reprc.sents original .study. 
There are one hundred full-page plate.s. 

This volume should bo of especial interest to oplitbalmologists, neurologist.s, and physi- 
ologists. For others it will serve more ns a reference volume. 


Synopsis of Allergy! 

T he »?!/iiop,si.'j of Alleriiy is an e.xcelleiit addition to tlie Alosby Synopsis Series. Dr. 

Alexander has an admirable facility for eomprc.ssing much knowledge into little space. 
To accomplish this lie has necessarily omitted discussion of pros and cons of moot point.®. 
The omission of e.xtoiisivo references to the eontributions of others makes for easier reading 
and saves much space. These referonees being available iu other larger works on allergy, 
there is no need for their iuelu.siou in a small book the prime function of which is to give meat. 

A few sections, especially those on serum allergy, bacterial allergy, and drug allergy 
could be elaborated upon with no great increase in size of the volume. 

A short appendix gives the desired basic information concerning preparation of e.x- 
tracts and methods of diagnostic study in such a way that one who has made no .special 
study of allergy could carry on with the diagnosis and treatment of simple cases. Alore 
complicated cases would require reference to more extensive treatises on the subject. 


Allergy in Clinical Practice § 

A nother addltlou to the profusion of recent books on allergy; this volume makes no 
effort to add anything basically new to the subject, and is presented with the same 
o-eneral type of approach that is followed in Medical Clinics of North America. It is pri- 
marily a series of case reports from the Cleveland Clinic, designed to illustrate the advan- 
tage of collaborative work with tlie allergist on the part of specialists in the several other 
fields of medicine. The outstanding sections are those on Allergic Dermatoses and Ocular 
Alanifestations of Allergy. References to the literature are rather scant. 

~ iTynmiinolocy By Noble P. Sherwood. Ph.D., AI.D.. P..A,C.P., Professor of Bacteriolog}-, 
TT Kansas and Pathologist to the Lawrence Memorial Hospital. Lawrence, Kan. Cloth. 

Ef‘'o nfges umstrated. «li.50. The C. V. Mosby Company. St. Louis. Mo.. 19«. 

Retina. The Anatomy and the Histolog}- of the Retina in Alan, Ape. and Monkey. 
, . tuo Cnnsideration of Visual Functions, the History of Physiological Optics, and the 

Including the consideration oi v^s ^ Polyak, M.D., A Fiftieth Anniversary Pub- 

E‘ft°on®'S tte ^ Chicago Press. Cloth. GOT pages. $10.00. The University of 

Chicago Press. Chicago, lil.. Alexander. A.B.. JI.p., Professor of Clinical Aledi- 

me Ivlshington UnWeSty School of Medicine, St. Louisj_^EdUo^ 

Cloth 210 pages, illustrated, $3.00. 
gAllergy in Clinical Pja^ice^ 


The C. AC ' Mosby Company. St. Louis. Mo.. 19«. 

By Staff-Members of the Cleveland Clinic under the direc- 
.A.C.P.. Chief of the Aledical Division,_ Edited by J. War- 
iion Ui -Y, „ i C p Chief of the Section on Allergy. Cloth, 351 pages. 92 illustra- 

riek Tiiomas, rnw j B Lippincott Company, Philadelphia, Montreal. London. I9H. 

tions, including 1-t m coioi. j. w 
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CLINICAL AND EXPERIMENTAL 


THE OEIGIN AND NATURE OP THE CABOT RING BODIES 
OF ERYTHROCYTES® 


Ejiil jMako Schleicher, ]Mixxe.vi>olis, ilixx. 


rXTRODUCTIOX 


^xVBOT^ in 1903 enriched the literature with an unique contribution. He 
described red and blue staining circular and twisted bodies within baso- 
])hilic, polj'chromatic, and infrequent orthochromatic eiythrocytes, first brought 
to his attention by one of his associates in a case of lead poisoning and tliei'e- 
after observed by himself in the anemic blood of patients suffering from per- 
nicious anemia, lead poisoning, and Ijunphatic leucemia. 

The dissertation aroused much interest for a twofold reason: first, no pre- 
vious mention of such bodies had been made; and second, Cabot’s hypothesis 
that the ring bodies may represent “nuclear remnants” was diametrically 
opposed to the tinctorial behavior of the structures. 

AVhen this paper went to press, the literature contained no feasible ex- 
planation for the peculiar affinity of these supposed nuclear derivatives for 
cytoplasmic .stains ; no actual proof with.standing critical analysis that the rin" 
bodies are nuclear remnants, and no convincing data to .show that they are 
laboi’atory creations. 


It IS the purpose of this communication to show that the Cabot rin<^ bodies 
arc denatured protein configurations, i.e., they arc actually laboratory nroducts 
The phenomenon occui-s in specifically altered cells only, i.e. in ervthroevtcJ 
and certam cry throblasts that have undergone lysis. This statement is supposed 
by two facts: (a) the creation of numerous Cabot ring bodies at will in blood 
taken from ca.scs with pernicious anemia in severe relapse, acute lead 

^^nneot.. 
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poisoning, terminal lyinpliosareomu, acute malaria, terminal lymphatic leucemia, 
congenital hemolytic icterus during hemolytic crisis, erytlirohlastosis fetalis, a?id 
a ciise with generalized Hodgkin’s disease; and (b) tiie production of sinuil- 
acrums in normal, pathologic humair erythrocytes, and the creation of analogous 
structures with egg white by special methods. 

For those who are not familiar with the problem at hand the major articles 
and fheorie.s will ho presented briefly. Cabot’s dictum that divided studcJits of 
the subject into two groujis, those who advocate that tlio ring l)odics are remnants 
of the nuclear membrane, and those who claim that they are artifacts, is cited 
first : 

"There is no rea.son to believe them a mark of eellular degeneration . . . • 
thej^ have some connection with the nucleus formerly possessed by the cell that 
contains them seems to me not unlikely .... their .shapes correspond for the 
most jiart very well with those of nuclear figures .... the best- hy])othesis, there- 
fore, that I can suggest to account for these ai)pcai'ance.s is that they represent 
nuclear i‘emau)s .... the .significance of tlicir red color with NVi’ight’s, a stain 
which never stains any nuelcus red, is not clear to me .... have these figures 
any practical significance '? Not so far as I know. ’ ’ 

Thus Cabot, while very coiiscrvativo and noneommiltal regarding the nature 
of the bodies, prcciijitatcd, by this very api)voach to the phenomenon, an exten- 
sive literature dealing with the mode of origin of the structures hearing his name. 

Among the investigators who believe the J'ings to be identical with the 
nuclear membrane are ftelilei)),-’ ^ Papjienbeim,"'^ Slnka," Alder,® Fer'rata,®’ 
Pevrata and Viglioli,” Juspa,’- and Jordan, Kindred, and Beams.’® Perrata’s 
h>T)othesis: ‘‘The Cabot rii\g bodies are the peripheral residue of the nucleus 
and are produced by vacuolization of the central mass” Jjas become a prevailing 
view, in spite of his observation that generally the rings stained with pyronin 
and only an occasional one showed affinity for methyl green, specific for nu- 
clear derivatives. In Feia-ata and A’^iglioli’s pa])er, tlie concept was enlarged 
by the ardhors’ statement that ‘‘the Cabot ring bodies are morphologically 
identical with the peripheral part of the nuclear membrane. Thej- are always 
a sign of a tj'picnl pathological maturation of the erythroblasts, the ring 
bodies occur only in severe anemias.” Juspa proposed the following theory: 
‘‘The ring bodies are not typical nuclear chromatin; they represent nuclear 
remnants and in all probability are the membrane left behind through path- 
ological endonueleav vacuolization processes and karyolysis. ” Jordan and co- 
workers coireluded; "Jloreover, the genuine Cabot rings seem clearly to 
represent persistent nuclear membranes.” 

Among those Avho proposed that the Cabot rings are artifacts is Demel,’^ 
who assumed that ‘‘the Cabot rings represent the bomidary zone between an 
inner area of more rarefied hemoglobin and an outer more condensed area.” 
Deinel was Avorkiug with normal blood, using a stain (Neo-Giemsa) formulated 
by Dr. Polettini of Pisa. His tlieory is refuted, however, by the fact that tlie 
rings can be produced after the hemoglobin has been laked. 

Russow,’® commenting on Slnka ’s paper, pointed out that if the Cabot rings 
are nuclear remnants, they should be seen in the hone marrow, and tlieir appear- 
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ance should obviously be moi'e frequent in this organ. He concluded: the 
rings are most likely the expression of unusual drying processes of the anemic 
blood, since the bodies have only been ob.served in dried peripheral blood piepa- 
rations. ’ ’ 

The neutral side in the controversy is represented by Naegeli,^® who sum- 
marized the literature as follows : ‘ ‘ Cabot rings are generally considered nuclear 
membrane remnants, absent in erythroblasts and the blood forming organs ; they 
are a pathologic phenomenon of nuclear di.s.solution. ” Schilling*^ states: “It is 
not certain that the Cabot-Schleip rings are nuclear remnants.” In another 
publication'* he records seeing Cabot rings in normal erythroblasts. He further 
suggests, according to Schroder,'® that the rings may represent the contour of 
the “gla.ss body” of the eiTthroeyte. Isaac.s,®“ in Dorniey’s Handbook of Hema- 
tolofju, informs us that Cabot rings have been found in cells with perfectly intact 
nuclei and entirely separate from the nuclei. Isamboulas and ilaiikiosis®' 
present in their article a photomicrograph showing a Cabot ring in the proto- 
plasm of a normal eia-throblast obtained by sternal aspiration from a patient 
with typhus. They come to the conclusion that their observation is “opposed 
to the prevailing riew.” 

That Cabot rings occur in erj'throblasts has been ascertained from the litera- 
ture cited and from my own obseiwatious, but their presence is rare indeed. Over 
a period of many years I have .seen only two specinrens. The infrequency is 
especially brought out by the fact that no clear-cut example wa.s noted by 
Dr, Hal Domrey, in his large collection of preparations in the field of hemopa- 
thologj'. The erythroblast shown in Fig. 14 was fotmd in one of the smears 
made from the peripheral blood of the case with generalized Hodgkin’s disease 
mentioned above. The only other one was seen in the bone marrow of a patient 
with severe relapsed pernicious anemia, haring about 650,000 red blood cells 
per c.mm. A probable reason for the scarcity of the presence of Cabot rings in 
erythroblasts is given elsewhere in this paper. 

In over 2,150 bone marrow' aspirations,^^’ covering practically all weU- 
knowTi hematologic disorders (mindful of the admixture of sinusoidal blood 


with the bone marrow specimen), I have in no instance observed a greater niun- 
ber of Cabot rings in the bone marrow preparations than were seen in those 
made from the peripheral blood. No exception was the ease with acute sickle- 


cell anemia,®' w'here in the “usable area”®" the eiythroblasts numbered eighty- 
four among one hundred leucocytes, but only four erythrocytes with Cabot rinos 
were obseiwed per 180 micrometer squares.®® The scarcity of Cabot ring bodies 
seemingly is the rule rather than the exception in severe eiythroblastic anemias 
and toxic anemias a.s.sociated with eiythrobla.stemia and icterus (leading by 
their veiy nature to severe disturbances of the denucleation process), w'here one 
would expect Cabot ring bodies to be plentiful in the bone marrow. As already 
pointed out this is not the ease. Furthermore, dark-field examinations have 
never revealed that Cabot ring bodies are preformed structures, i e nuclear 
membranes. The hypothesis that the Cabot ring bodies are neither nudear rem- 
nant.s nor a sign of pathologic denucleation processes, is strengthened bv tb« 

obsciwations cited in this paragraph. ^-trengtiiened by the 
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Structures similar to those described by Cabot liave been produced by 
various investigators.-"’ These sinuilacrums were obtained by exposing 

erythrocytes to a liemolytic system. It may tlien be assumed that tlic creation 
of the ring bodies depends upon the degree of lysis an erythrocyte or erythrobla.st 
has undergone in vivo or in vitro, induced by a specific agent. Thus a plausible 
reason is advanced for the appearance of these bodies in disorders of the 
hematopoietic organs associated with severe anemias, and with or without ele- 
vated ieterus. 
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Pl.ate I. 

Basophilic and polychromatic erythrocytes showing ‘'denatured protein conflguratlons” (Cabot 

ring: bodies). 


THE OKIGIX OF CADOT RING BODIES 

A blood smear was presented to me by Dr. E. H. Jaftc* in which he had 
observed Cabot ring bodies showing an unusually brilliant red hue, as well as 
width and flatness of the ring bodies. The smear was made from the peripheral 
blood of a moribund patient with generalized Hodgkin’s disease. Pigs. 1 and 2a 
show examples of the bodies seen by Dr. Jafte. Examination of tlie preparation 
revealed that there were onlj^ three erythrocytes with Cabot ring bodies per ISO 
micrometer sciuares.-" Erythroblasts were numerous in this blood, and many 
cells showed pathologic denucleation. A severe anemic state was present: red 
blood cells, 1,020,000, hemoglobin, 3.0 Gm., icterus index, 15 (Whitrohe), and a 
retieulocytosis of 18.4 per cent; occasionally a reticulocyte with ring bodies, 
Pigs. 2 to 6. As the number of ring bodies was too small to trace their origin, 
peripheral blood was defibrinated and permitted to sediment in a Wintrobe 
hematocrit tube. The procedure was designed to gather more specifically altered 
red cells assuming that hemolyzed cells tend to form the uppermost layer of 
the blood column. While smears made from the tojj layer yielded a larger num- 
ber of ring bodies, I was unable to trace intermediate stages between the nu- 
clear membrane and the Cabot ring bodies. 

^hief pathologist ot Cook County Hospital, Chicago, 111. 
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eK,»,i,nc..t .Wn «t U,„t — 

„,,1 SP.-C. on ,U,.s » ' llood m.„», and to 

allowing the plasma to were made in the standard man- 
delaying the drying process . accelerate drying. On examnra- 

ner, rapidly whipping them ‘ ,,.ations were made; Many eirenlar 

tion of the preparatioms, the ,chere drying was delayed, 

and twisted Cahot ring bodie^s were see control slides 

whereas the opposite area showed oi as noted in the rapidly 

revealed about the samejrnmber ot i . • the 

the Cabot ring bodies produced by the 



Fiff. 2. 

, . • . nprinheral blood, a, Orthochromatic 

Pig 1 —Mr. A. K- Generalized Hodglan s ^ ^ . a,,„atured protein Scaly h^s a 

erythroll-te' with a tVP^al a unitorndy stained cell. b. Marlc- 

ed?y lysed'isrythrocyte witli a line blue nns. erythrocyte witli a ngure-eight 

n.|„ o—Mr A. K.. peripheral blood Bgure-eight body intersecting 

rrn"o1n"p?et^%^in1 ‘?^uc^^u° 11 !’'‘’tS“o " gfobJiies an,, a.. o£ protein at the ceil peripheo’ 

(at arrow). as follows: two rings form simultaneously in 

The formation of the HBUie eight > ^ from adjacent planes, or a ring retiacts 

tlie same plane and tlow together, or imgs 
rapidly and overlaps. 

At no time were the angles great enough to encourage concentrations of red 
blood cells which might account for the increased number of ring bodies at or 
uear the edge of the blood smear. z\n estimation ot the erythrcicyte number with 
the drv chamber method^'’’ showed an error of from 4.2 to a.4 per cent for die 
..reparations made bv the slanting method, in comparison with the counting 
chamber number. Wliilc in this particular blood the number of ring bodies could 
be varied at will, this could not be accomplished to the same e.xtent in all blood 
.samples taken from cases with severe anemias, showing one to several ring 
structures per ISO micrometer scpiares. In this tc.st series tlie .serum icterus 
ranged from 2 to 280. ^Yhen no ring bodies were seen in the routine smeans. 
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tlieir creatioii by tlie slanting method frequently met with failure. Pig. 3 sliow.s 
the develoijment of a Cabot ring body as noted in the aJi>as in ^vldclj slow dryiiig 
occurred. 

The experiments showed that u severe anemia, high bile pigment concentra- 
tion, and unusual drying of the blood are not the sole factors responsible for the 
creation of the phenomenon. The negative results suggested that the formation 
of ring bodies is dependent upon the presence of a eiveulating specific heinolysiu 
ivhieh alters the relationship of the essential components of the protoplasm 
while in vivo, and that delayed drying, fixing, and staining of the blood are of 
lesser importance, but are eontributoiy factors. That specific lysin may ver.v 
likely be a bile derivative “bile acid” that di-sassociates the chemical couipoueiits 
of certain erythroid ceils not only in vivo but seemingly also in vitro is sug- 
gested by analytical data presented by Irvin, Johnston, and Slurp* on bile acids 
and their hemolyzing effect on tlie red blood cells in vitro. 



Fig. 3.~AIr. A. K, Periplieral blood showing the development o£ a Cabot ring body, 
a. MarKeilly lysed erythrocyte with a reddish corona. Phase I. 6, Erythrocvte with a pale 
peripheral area which follows the contour of tlie cell (for its replica see Plate I. i>. This 
phenomenon is produced by the retraction of the cytoplasm exposing the transparent envelope. 
Phase II. c. Erythrocyte with retracted peripheral ring. Tlie cell was niarkedly lysed. The 
structure had the characteristic red color of Cabot ring bodies. Phase III. d. Polkilocyte with 
irregular aggregated protein at the periphery, e. Group of ei-j-throcytes showing lysis corona 
suggesting peripheral rings. See Fig. 27 in Cahofs article. /, Er,vtiiro blast with nuclei approxi- 
mating the diameter of the ring cell c, showing that Cabot’s assumption that the bodies may 
represent nuclear remnants is feasible. 


STRUCTURE AND TINCTORIAL BEHAVIOR OF THE C-IBOT RIXG BODIES 

Experiments were designed to determine the reason for the fiuefuation of 
the dimensions, configurations, and affinity to specific cytoplasmic dyes of the 
ring bodies. 

Preparations were used which were made by the slanting method, showing 
from 12 to 34 erythrocytes with ring bodies per ISO micrometer squares. The 
location of all cells chosen for this critical study was determined ivith the vernier 
scale of a mechanical stage. 

Photographs before and after decolorization revealed that some of the ring 
bodies were at or near the surface, and seemingly part of the envelope, whereas 
other rings seemed to belong to a layer or layers distinctly below the erythrocyte 

Annual meetiug of the Central Society tor CUnical Heseavch. Chicago. 111.. Nov. 1. 1910. 
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euvelope. With the :May-Griin\valcl Giemsa stain tliese ring bodies were either 
of a dubious reddish lilue, or distinctly red or blue. The ring bodies assumed to 
be at or near the surface could be made out only with difficulty when decoloriza- 
tion was carried to a point where the nucleus of the leucocytes could still be made 
out. The deeper lying rings either retained their hue, were a nuance lightei", or 
became more distinctly red or blue. Some rings which showed irregular staining 
affinities were invai'iable composed of irregular thick bars (thi’eads) or of tiny 
globules. Other ring bodies were composed of not only one, but of two oi* more 
thin rings either superimposed on each other or concentrically arranged. 



Fig. i. — Hr. O. H. Pernicious anemia in severe relapse; peripheral blood, a. Basophilic 
megalocyte with a colorless protein ring. The ring, which had a reddish blue tint, could not 
be restalned after the preparation was exposed to room temperature for one week. 


Thus it may be assumed that the staining vai’iability depends upon the char- 
acter and quantity of the substance that makes up a ring, the molecular thickness 
of such a structure, and the momentary physical state of ring constituents. The 
latter may supply the answer to the lo.ss of affinity for a dye of a ring body that 
fomerly stained reddish blue. This phenomenon occurred in several basophilic 
megaloeytes from a patient with pernicious anemia in severe relapse when a 
preparation was decolorized and restained after exposure to room temperature 
for six days. Fig. 4 shows an example of a colorless ring body in a basophilic 
megalocyte. 

.STRUCTURE OF THE M.VTURE ERYTHROCYTE 


It is not udthin the scope of this article to give an account of the mmierous 
hj^Dotheses that have been advanced concerning the sti-uctural make-up of the 
mature eiythroeyte. The literature on this particular subject is more confusing 
than enlightening. The contributions of ilicliels,-^ Ponder,^® and others®’ 
give a general picture of this topic. 

I have long favored the trend initiated by Ponder to divide the phvsico- 
chemical structure of the eiythrocj’te into three components: (a) membrane 
i.e., envelope, (b) ejqoplasm, and (c) their respective protein-lipoid constituents. 
This division is not only unresers’edly subscribed to by most investigators, but it 
permits projection of the laboratoiy expei-inients presented in this paper into 
the eiythrocytes. All acemnulated physicochemical data represent at best onlv 
relative values, since the constituents vary' with the phj-siologic state of the sub- 
ject. The protein component which, as shown elsewhere in this paper, is respon- 
sible for the formation of a ring body, constitutes less than 8 per cent of the cell 
Jorpe.s” refei-s to the protein proper as stroma protein and suggests thnt it 
ha.s a charactenstic composition different from other proteins of the blood Its 
chief properties are (a) consistency, (b) elasticity, and (c) eontractilitv 
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Bfclihold,"'' wliilo sUidyinij: the colloidiil slruc.Uire of the erytliroeytLS oli- 
.served the i'oniiiition of “•‘lolmles" hi imrnuil iiiiiiiiiiialiiin ml lilood ceils duriiii' 
the proces.s known as iiemoiy.sis. .SaJen,'"’ foiiowing np Eeehhold's work, 
used human crytlvrocytes, and noted witli tlie aid of an ulli'amieroseope the for- 
mation of a ring .structure within the cell wliile it wa.s .subjected to a hypotonic 
saline solution and an acid. The ring was formed at or near the periphery of the 
cell, and as hemolysis progressed, the ring began to retract, finally degenerating 
into a refraetile granule which eventually disappeared. 



Pie. 3. — Normal human erythiocytes treatcO with SalCu's method, a. Erythiocyte show- 
ine peripheral ring, h. Erythiocyte witli two rings tiiat originated at different planes forming 
a pseudoOgure eight, c. Erythrocyte with disintegrating ring. Note tlie liook formation. 
d. Erythrocyte with bar and two globules, e. Erythrocyte with globules. /. Lysed erythrocyte 
(ghost cell). 



g Normal human falood treated with Salon's method, a, Free protein ring.x. n'. Ring 

■ twisted into a figure eight. 



Saleii’s observations were confirmed. Fig. 5 shows an erythrocyte udth a 
peripheral ring, others with stab bodies, some with granules, and one cell without 
structures. Fig. 6 shows free rings obtained by mechanically rupturing 
erydhroeytes. 
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Salen reached the folloising conclusion: “the ring structure seemingh con- 
sists of water-insoluble proteins which are precipitated by potassium ferro- 
cyanide dissolved in dilute acetic acid.” He thus furnished tangible evidence 
that a ring structure is formed when hemolysis sets in, thus associating the 
phenomenon with degeneration of protein. 

After correlating the dye analytical studies with Salen ’s observations, it 
could be assiuned that Cabot ring bodies might be identical ■with Salen s ring 
structures, especially since these bodies sho'wed a selecth e affinity foi cyto- 
plasmic stains. 

Thus, aggregated and denatured protein forms the Cabot ring bodies. 



Fig. 7. — Protein globules of beaten egg white, a. Globule with two rings. The peripheral 
ring had a reddish blue color, the inner ring was tinted blue. The cross bar stained light red. 
See arrow, b. Ruptured globule. The broken top ring, which is partially extruded, had a 
deep blue color and was seemingly superimposed on another ring, also broken, that was reddish 
blue in hue. The two other rings and the cross bar (at arrow) had the same tint as the 
latter ring. 

THE XATUKE OF CABOT KIXG BODIES. 

The following experiments prove that the ring bodies are protein derivatives 
of the envelope and cytoplasm; and that the variability of affinity for acid and 
basic dyes is determined by the molecular thickness and momentary physico- 
chemical state of the protein mass. 

Experiments ^Yitll Egg While. — Experiment 1. The white of a raw egg 
was carefully separated from the yolk and beaten (or shaken in a test tube) 
imtil it w'as stiff. With the aid of a wire loop a .STiiall amount of the substance 
was transferred to a clean gla.ss slide and spread to a thin film -with a suitable 
spreadei-, cover slip, etc. The film -was pemiitted to dry, then covered with 
Wright’s blood stain for one minute, after which the stain was diluted -with an 
cfiual amount of distilled water. The diluted stain was allowed to act for two 
to three minutes. The preparation was then rinsed in distilled water and per- 
mitted to air dry. Such preparatious not only showed numerous single "lobules 
but the globules varied also in size and thickne.ss, and thus in some respeet.s 
resembled normal and pathologic protein quantities of an erythroc>-te i.e. the 
globules are analogous to the eiythrocyte envelope. The majority of the globules 
showed one or two, and le.ss frcfiucntly three or more, reddish-blue ring.s, either 
eoneentrically arranged, or superinipo.sod upon each other. Fig. 7 shows two 
repre.sentatives of the globules; the globule to the right, ruptured either duriii" 
the drying process or during the staining procedure, shows a striking difference 
ill tliiekncss of the rings ; a replica of Cabot rings in every respect 
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Experiment 2. A thin film o£ unlieatcu egg white was made on a microslide, 
and the substance was exposed to room temperature for at least one hour and 
then stained with Wright’s stain in the usual way. In .such a preparation there 
are areas in wdiich many various-sized round to oval structiu’es may he seen 
that show generally one concentric complete ring, and variable types of incom- 
plete structures. A typical example is shown in Fig. 8, a replica in every 
respect of Fig. 1. AVhen two tliin films are superimposed upon eacli other, the 
formation of a figure eight is frequently encountered. Fig. 9 shows the manner 
in which such a configuration is produced. Tliese protein structures are broader 
and flatter than those produced with beaten egg white. 



Fig:. 8. Pie. 0. 

Fig. 8 — Protein ring bodies of unbeaten egg ^vl^ite. n. Spherical body with deep blue 
flat ring. Note the uniformity of staining of the outer and inner area of the mass. A striking 
simulacrum of Fig. la. 

Fig. 9. — Protein configurations of two thin films of unbeaten egg white. Incomplete figure 
eiglit. Note that two spiierical bodies at different planes are involved in its formation. 


Thus variability of dimensions, i.e., thickness of Cabot ring bodies, depends 
upon the availability of protein within the envelope or cytoplasm of a given 
ei'idhrocyte. 

The experiments showed that protein, regardless of its source, forms pre- 
dominantly circular structures. The following hypothesis is offered for the pres- 
ence of more than one ring body in an ei-ythrocyte : 

It is assumed that the hrmian red blood cell envelope is not homogeneous, 
but consists of a series of concentric lipoproteid layers which under certain con- 
ditions may separate, in contrast to the cytoplasm which is a homogeneous mass, 
and thus merely retracts, behaving the same way as a thin lay'er of unbeaten egg 
white. Thus it is not at all difficult to account for the occurrence of more than 
one Cabot ring body at the same or at different planes within an erythrocyte, as 
well as for the thickness and configuration of the protein structures, as shown 
in Plate I. 

DIFFUSE AND PUNCTATE B-VSOPHILLA 

It is a well-ImovTi fact that Cabot ring bodies may appear in an eiytlirocyqe 
showing either diffuse or punctate basophilia. Pappenheim^® believed that polj^- 
chroimfiophilia, punctate basophilia, and reticulation represent diffuse or aggi-e- 
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gate states of the spongioplasm. Many investigatoi’s, among them Key, Daum, 
and Cooke, have shovTi that Pappenheim’s hypothesis was based on sound obser- 
vations. Key*'* proved by appropriate methods that a basic substance retained 
by certain erythrocytes may be made to appear cither as polychroniatophilia, 
reticulation, or punctate basophilia, the latter representing an aggregation of 
the basophilic substance in the cell due to a pathologic process. Daum“ showed 
that punctate basophilia may be created in vitro by permitting normal defi- 
brinated blood to stand at room temperature for twenty-four to thirty-six 
hours. She observed that as autolysis progressed, diffused polychroniatophilia 
changed to stippling, and as time went on, the punctate basophilia became 
more and more coarse, apparently in direct proportion to the autolysis. Daum 
came to the conclusion that the basophilic substance is most likely a colloid 
that is denatured and coagulated by heat, alcohol, or any other agent. Pappen- 
heim thought the substance to be a lipoid, as opposed to others who assumed 
the basic substance to be albuminous. Cooke,'- using the blood smear method, 
employed a benzidine-aleohol-hydrogen peroxide mixture for the demonstra- 
tion of punctate basophilia and reticulation in normal mature erythrocytes. 
He reached the following conclusion; “When obtained by the msual staining 
methods, this would point to increased permeability or a defect in the lipoid 
envelope of the erythrocyte. There may be, and probably is, a close relation- 
ship between punctate basophilia, diffuse polyehromatophilia, diffuse poly- 
ehromasia, and reticulation and maturity.” Cooke’s conclusion supports the 
observation of Falconer,^* of the occurrence of basophilic stippling in mature 
eiythroeytes in the blood of normal healthy persons. On analysis of the evidence 
derived from the literature, it may be assumed that basophilia, polychromato- 
philia, reticulation, and punctate basophilia (stippling) are nothing more than 
the morphologic expression of denatured and coagulated colloid substances, i.e., 
lipoproteid colloids. 

THE PRODUCTION OP DIFFUSE AND PUNCTATE BASOPHILIA WITH EGG YOLK 

The experiments with egg white did not produce the phenomenon known as 
diffuse and punetate basophilia, and thus Pappenheim’s assumption that lipoids 
may be responsible, was apparently supported. The foUoAving experiments were 
designed to obtain information concerning the role played by lipoids. 

Experiment I. A thin layer of unbeaten egg yolk was made on a mieroslide, 
air dried, and stained with Wright’s blood stain. The preparation revealed a 
homogeneous layer of a more or less reddish-purple hue. 

Experiment II. A thin film of unbeaten egg white was made on a miero- 
slide and permitted to diy at room temperature. A thin layer of unbeaten egg 
yoUc was superimposed and permitted to diy. The preparation was tinted with 
AVright’s blood stain, air dried, and mounted in Clarite. Numerous round and 
oval bodies were seen that showed the well-knoira tinctorial characteristics of 
diffuse and punctate basophilia. The experiment showed that tlie presence of 
a protein layer enhances aggregation of lipoids. Fig. 10 shows several of these 
liodies. 'Thus the following opinion may be e.xpressed: 1. The various tinctorial 
slmdcs of diffuse basophilia are apparently the expression of a more or less 
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homogeneous sliite oi’ protein aiul lipoids. 2. Punctate basophilia may be inter- 
preted as the result of disassoeiation of these substances, or tlie independent 
reaction of the laminated lipoid component. 


Thus it is understandable why a ring Imdy can a])pear in an erytlirocyte 
exhibiting either diffuse or inmctate baso]dulia. Fig. 11 shows a polychromatic 
red blood cell with a faintly stained ring body and punctate i)asophilia super- 
imi)osed. 



FIs. 10. Fis. 11. 

Fiff. 10, — Egff white and cffg yolk aupeiimposoU upon each other, a. Bluish rouud body 
resemDling a basophilic erythrocyte, b. Round body (slightly out of focus) with fine granules 
which stained reddish blue, c, Round body with coarse blue granules. A striking replica of 
punctate bosophlla. rf. Round body with coarse deep blue and reddish blue granules. The 
white zone around the bodies is the result of retraction of the egg white. 

R. P, Acute lead poisoning; peripheral blood, a, Orthochroiuatlc erj'throcyte 
with a light red protein ring and superimposed dark blue globules. 


EXPEIUMEXTS WITH NOUMAL HU.MAX EKYTHKOCYTES 

As previously pointed out, tlie prerequisite for the formation of Cabot ring 
bodies is a pbysieoeliemieal imbalance of tlie protein-lipoid components of the 
cell, permitting disintegrating agent.s to permeate and to precipitate the stroma 
protein. While these constituents are properly balanced, they form a definite 
structural unity. The process which supposedly modifies the envelope of the 
red blood cell is called “hemolysis," assumed to be a reaction between a lysm 
and the protein. It is obvious that the production of a simulacrum of tlie Cabot 
ring bodies in normal erythrocytes is po.ssiblc only if the erythrocyte is exposed 
to a hemolysin that modifies the permeability of tlie envelope. If colloidal pro- 
teid is the substance that through denaturation forms a ring structure, then 
the problem at hand is to set up experiments that first assured hemolytic 
action, i.e,, conditioning of the envelope in such a manner that denaturation 
of the protein is assured, followed by tlie penetration of a dye wliieli would 
stain the protein. 

The oldest and most effective means of altering envelope permeabilitj’ is 
heat. This thermal factor, while a weak hemolysin, is responsible for many arti- 
facts in cytology, but under controlled conditions is a valuable agent, especially 
when combined with strong alcohols and weak acids. The investigations carried 
out by Foa.^* on mammalian and human blood, and by Dehler« on domestic fowl, 
brou<^lit out tbe fact that the entrance of dissolved substances, such as dyes, into 
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the envelope and cyloiilasm, is more rapid at high temperatures lliaii at low Imn- 
peratures. This knowledge lias been utiUml in devising an experiment for 
the creation and staining of replicas of “synthetic” Cabot ring bodies. hiic 
studying the variability of the envelope vcsistaime, I consulted the papers by 
Weidenreich^“ and Sakai.'*' The latter, as already pointed out, produced ring 
bodies, but failed to suggest their similarity to Cabot rings. Tlie striking 
replicas obtained by Sakai made his method tlie one of choice for preliminary 
work. The method, however, had to be moditied for the use of human erythro- 
cytes. Below is Sakai’s method as I modified it : 

I. Solutions 

1. Ethyl alcohol, absolute. 

2. Phenol (crystals C.P.) 2 per cent aqueous solution. 

3. Phenol-gentian, •violet solution. (Add '3 Gin. of gentian violet to 100 c.c. of pure 
acetone-free methyl alcohol.) 

Take -JO c.c. of solution (2) and 10 c.c. of solution (3), mi.\' uell, and let stand at 
room temperature for 2-1 hours. Piltcr and transfer to a staining jar. The dye is 
good for only 21 to 36 hours. 

II. Method 

1. ilake a thin blood smear and let air-dry for 3 hours. 

2. Place into ethyl alcohol for 3 minutes. 

3. Place into phenol solution 2 per cent for 30 seconds. 

4. Place into phenol-gentian violet for 2 minutes. 

5. Rinse in distilled water for 15 seconds. 

6. If counterstain is desired, cover preparation with diluted Giemsa solution for 
5 minutes. 

7. Kinsc in. distilled water and let air-dry. 

8. Mount with dammar or Clarite. 

lu a blood smear subjected to the foregoing treatment, the ei'ythrocytes have 
a bluish tint, and their contour is shavpl)’’ defined and not distorted. At the 
periphery a narrow, somewhat lighter area follows the shape of the cell. This 
phenomenon is apparently a sequela of the formation of a ring body; it can be 
seen in Fig. 3, cell 6. A well-defined flat and dark-stained blue ring structure, 
at some distance from the periphery, is present in every mature erythrocyte, a 
striking replica of a Cabot ring body (Plate I, I). The ring structure seems to 
be derived from a layer or layers at or near the surface, or adjacent to the 
envelope. Frequently two ring structures may be seen. Cell degeneration is 
thus seemingly expressed as complete or incomplete rings, or a ring is suggested 
by a ringJike an-angement of beads or rods. Cell immaturity can be recognized 
by the decreasing definition of the ring structure, which eventuallj^ is replaced 
by more or less fine granules which may fuse and form coarse clumps. The 
percentage of the latter types corresponds to that of the reticulocytes. Fig. 12, 
cells c, c, /. The amount of basophilic spongioplasni irithin the cell apparentlv 
determines the respective pattern. These standard patterns are thus tlie e.v- 
pression of the physieochemieal status of an erythrocyte. In normal basophilic 
erythroblasts the spongiopla.sm is diffuse and deeply staining. Pi<T. 12 shows 
a characteristic pattern ohtaiued with the method. Fig. 13 .sliows an erythrohhst 
in mitasi.s, late in (elepha.se stage. The lipoproteid colloids may well be in a 
transitmii stage, i.e., the rc.speetive quantities are as yet not propei-lv a.ssimilated 
It tins 1 .S the ca.se, tlien the question of why Caliot ring bodies are 'so rarely seen 
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in erythroblasts is answered. However, bizarre patterns may be observed in 
severe anemic Ijioods, esj)eeiaUy when cytolysis of erythroblasts is pronounced. 
When such blood is exposed to the phenol-gentian violet solution, the erythro- 
blasts may occasionally show incomplete rings, but generall}’’, fine or coaree 
grannies, rods, spotted or diffuse spongioplasm, or combinations of the enu- 
merated patterns may be seen. When in a routinely stained blood smear an 
erythroblast with a Cabot ring body is observed, tlie cell is most likely abnoi-mal, 
as shown in Fig. 1-1. 

The experiment revealed that replicas of Cabot ring bodies may be produced 
in normal mature erythrocytes but not in normal erythroblasts. The creation of 
the bodies depends upon the physicoehcmical state of the lipoproteid colloids at 
the various maturation stages. Further, an explanation is furnished for the rare 
occurrence of Cabot ring bodies in erythroblasts. There is no doubt in my mind 
of the identity of the simulacrums created Iry the afore-mentioned method and 
the Cabot ring bodies. Botli structures are the expression of denatured protein. 

GLACIAL ACETIC ACID METHOD FOR THE CRE.VTION OF DENATURED PROTEIN CON- 
FIGURATIONS ( C.VBOT KING bodies) IN NORMAL MATURE ERYTHROCYTES 

This method was based upon the well-lenown facts that weak acids and 
strong alcohols are hemolysins which in turn denature protein. The method has 
the advantage of rednoing the room temperature exposure time. Heating the 
stain was found to facilitate rapid penetration. 

I. Solutions 

1. Wriglit’s Mood stuin. 

U. Glacial acetic acid 0.02 per cent. 

3. Clarite or dammar. 

II. Method 

1. Permit the blood smear to air-dry at room temperature for one hour. 

3. Place 30 drops of IVright’s blood stain in a te.st tube, and Iieat over a flame to 50“ C. 
Pour the dye quickly over the blood film, starting at the thick end. 

3. Dilute the dye with 60 drops of glacial acetic acid 0.02 per cent. Ali.x well with 
an eye dropper by drawing in and expelling the dye. 

4. Direct a flame under the glass slide and heat the dye solution to 50“ C. This 
temperature is generally reached when the solution begins to steam. 

5. Permit the hot dye to react for one minute. Rinse in distilled water for a few 
seconds and then let the preparation air-dry. 

6. Mount with dammar or Clarite. 

With the method described above patterns resulted identical to those created 
with the phenol-gentian procedure. When, hotvever, the stain and acetic acid 
are heated together and permitted to act about one minute, many interesting- 
patterns are obtained. Fig. 15 shows an example pattern that is produced with 
this modified procedure when blood samples of severe toxic and chronic anemias 
are used. The incomplete removal of the hemoglobin is responsible for the 
bizarre patterns. There is no erythroblast in the field. 

discussion 

While Cabot suggested that the ring bodies he described may represent nu- 
clear remnants, it semningly remained for Perrata, Viglioli, and others to show 
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Fig. 12 —lira. B. W. Pernicious anemia in severe relapse. Peripheral blood treated 
with the author’s acetic acid method, a. Normal mature erythrocyte with a characteristic protem 
ring. Note the striking resemblance to Fig. la and Fig. 8a. b. Mature erythrocyte with a 
ring body and a globule, c, Macro-erythrocyte with two ring bodies. The peripheral ring 
was light red. the other one was partially red and blue. Note the cross bars connecting the 
rings. A replica o£ the bars is seen in Fig. 7a and b. d, Alacro-erythrocyte with incomplete 
light red rings and two blue globules, e, Megalocyte with incomplete ring, two globules, and 
a bar. The granular background is basophilic substance. /, Megalocyte (reticulocyte stage) 
more immature than cell e. The cytoplasm has retracted away from the periphery, leaving 
a light zone, a, Eiythrocyte with the envelope ruptured, h. Thrombocytes. 



Fig. 13. 


Fig. 14. 


Fig. 1.3. — Mr. F. M. Normal bone manow treated with the acetic acid method a Eryth 
roblast. late telophase. Note the basophilic spongloplasm. sharply defined nuclear membrane 
and blotches In the cytoplasm. The constituents of the envelope and cytoplasm are seemlneiX- 
not properly assimilated, and this may account for the absence of rings in erythrohlasts Tn thl 
few exceptions cited, it is assumed that protoplasmic maturation was furtlier advanced .and thaf 
this led to the production of ring bodies. ao%aneeu anu that 

Fig. II.— Mr. A. K. 
liolychromatlc erythroblast 


Generalized Hodgkin’-S disease: peripheral blood, a. Pathologic 

, , •■■ith two twisted protein rings. The darker structure had a 

lying at .a lower plane, liad a blue hue. '■ _ ?■ deep 


chromatic erythrocyte with a red protean ring. c. Rupture*d*'^ery'throc^'t(^^wdGi*^thp'^e^vrerd°'^ ' 
llowlng around coll b. The ring had a reddish blue tint and appeared to belong to iL eme'S^e! 
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that the structures are identical with the miclcar inenibrane. Tliis prevailing view, 
however, is based on misinterpretation of artifacts so commonly cncoimteied 
in cytology. Tlie literature dealing with the subject is c.xtensive, and contains 
many diametrically opposed theories regarding the origin and nature of the 
Cabot ring bodies. None of the investigators has furnished convincing proof 
that the structures are either nuclear derivativc.s or artifacts, and thus labora- 
tory creations. I have attempted to show that the Cabot ring bodies are actually 
the e.Kpression of denatured protein, i.c., colloid protein, and thus that the bodie.s 
have no immediate relation to the nuclear membrane. The ring bodies created 
at Avill in the laboratory, by slanting the glass .slide while making the blood smear, 
and thereby delaying the drying process in a certain area, are in every respect 
identical with the genuine structHrc.s. 



Fiff. lo. — Air. G. E. Chronic toxic anemia (carcinoma of tiie cecum), treateil witli tiio 
acetic acid method (niodifled). The variability of the erjthrocyte envelope to lytic agents is 
weil demonstrated. In some cells which have been partially hemolyzed tlie hemoglobin simu- 
lates nuclear dissolution (Ferrata). Otiier cells conform to Demel’s theory. There is no 
eiYthroblast in the field. ^ 

The replicas were produced in the anemic blood of patients ivith pernicious 
anemia, acute lead poisoning, terminal lymphosarcoma, acute malaida, terminal 
Ijunphatic leueemia, congenital hemolytic icterus during hemelj-tie crisis, eiythro- 
blastosis fetalis, and terminal malignant Hodgkin’s disease. According to the 
literature, these toxic and hemolytic anemias furnished, for the most part, the 
material for Cabot ring bodies in routine blood smears, and thus there can be 
little doubt that hemolysis plaj'S an important role as a preconditioning factor 
for the production of tlie structures. 

It has been shown that Cabot ring bodies can occur onlj^ in cells in which 
the penneahility of the envelope has been altered by a specific lysin. The 
reason for the preponderance of flat eirenlar bodies lies in the assumed geometry 
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of the erythrocyte and the tendency of protein to aggregate into a ring structure. 
The rarity of Cabot ring bodies in erythroblasts is assumed to be due to either a 
peculiar quantitative or a qualitative state of the lipoproteid eoUoids, or these con- 
stituents at this particular developmental stage have not yet a.ssumed their ma- 
ture relation-ships. An explanation has been offered for the presence of both a 
ring body and punctate basophilia in the same erythrocyte by showing that ring 
structures are aggregations of protein and punctate basophilia is identified with 
lipoids. Simulacrums of both phenomena were reproduced with egg white and 
egg yolk, and by special methods in normal mature erythrocytes. 

The formation of a Cabot ring body is seemingly as follows : a s-peeific 
hemolytic agent (bile acid) affects a certain erythrocyte whether basophilic, 
polychromatic, or orthochromatic ; the lysin is injurious to the envelope, i.e., 
it produces changes either qualitative or quantitative, or both, in the lipopi’o- 
tein constituents of the surface layer which not only influences the permeability 
l)ut also may lead to microscopic tears in the envelope. This physicochemical 
change encourages disassoeiation of the lipoproteid layers, leading to a separa- 
tion of the normally fused layers into individual ones, or to the separation of a 
mass of fused layers. This irregular splitting produces the variability of flatne.ss 
and thickness of the ring bodies. This segregation of protein layers occurs dur- 
ing the drying process, leading either to the formation of the protein configura- 
tions knovTi as Cabot ring bodies, or to such structures as globules or bars, as 
shovTi in Plate I, 5 and 10. The answer to Cabot's query “why,” the reddish 
blue, red, or blue color of the ring bodies lies in the very nature of the structures. 


CONCLUSION 


The origin and nature of the Cabot ring bodies of erythrocjdes have been 
discussed and demonstrated by .special methods. Cabot ring bodies aye neither 
nuclear remnants nor are they identical with the nuclear membrane ; they are 
laboratoiy creations, the expression of cellular degeneration induced by hemo- 
lytic agents, i.e., they are the expression of aggregated and denatured colloid 
protein. 



lurai t!iocnenii.strj-. university ol jainnesota, tor hi.s am m connection ti ^ 

or the problem ; F. N. Ruslander, medical photoerapher, Detroit, Mich., for the' care exercised 
n preparing the photomicrographs. I am also grateful for the personal communications of the 
late Dr. R. H. Jaff6. whose genuine interest in the problem stimulated the investigation 
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THE TREATilENT OF GONORRHEAL URETHRITIS IN THE MALE 
WITH SULFONAMIDE DERIVATIVES® 


A Study of 199 Cases 


Leroy W. La Towsky, M.D., il.Sc., Fraxk Knight, 5LD., 
Charles A. W. Uhle, il.D., and Richard B. Baker, I\r.D. 
Philadei.phia, Pa. 


I T IS AN established fact that the use of sulfanilamide in gonococcic infections 
is not indicated since the later sulfonamides have been introduced. Pelouze' 
states that this .substance was effective in only 25 to 40 per cent of over 900 cases 
treated by the Cooperating Clinics of the United States Public Health Service. 
Excluding sulfanilamide from the therapeutic armamentarium, there are three 
sulfonamide derivatives whose value has been established in the treatment of 
gonorrheal urethritis in the male. These substances are sulfapyridine, sulfa- 
thiazole, and sulfadiazine. 

The authors have previously reported their experiences with these three 
substances in the treatment of gonorrhea in the male.^'“ Though the number 
of cases we treated is not large, we believe that we are able to make some com- 
parison of the therapeutic efficiency and action of these three sulfonamide 
derivatives. The basis for this report is the study of 199 patients with gonor- 
rhea, who presented themselves for treatment, at the Genito-urinary Clinic of 
the Philadelphia General Hospital during the years 1939 to 1941. 

Of the 199 eases of gonorrheal urethritis studied in the male, 167 were fol- 
lowed to the final step of either apparent cure or failure, while 32 patients de- 
faulted. The average age of the 199 patients was 25 years, but their ages ranged 
from 11 to 54 years. One hundred and seventy-two of the patients were black, 
26 were white, and one was Chinese. One hundred and forty-three had no 
treatment of any kind before coming to our clinic, while 56 had some type of 
treatment. Twenty-six had purchased sulfanilamide from druggists. One 
hundred previously had a gonorrheal infection, while 99 never had gonorrhea. 

The classification of gonorrhea in the male, which was used in this study, is 
that of Eisendrath and Rolnick. They classify gonorrheal infection as follows®; 

Acute urethritis (up to ?, months) 

Anterior 

Posterior 

Subacute urethritis (.1 to 0 months) 

Anterior 

Posterior 

Clironic urethritis (G months or more) 

-\ntcrior 

Posterior 


•From the Genlto-urinao- Clinic, the PhilaOelphla General Hospital. Philadelnhla 
Heceised for publication. May 2 t. 1341. t-nuaueiphla. 
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Of the 199 patients who pix>.scntccl thcmselve.s to our clinic for treatment, 
there were 130 with acute anterior urethritis^ 59 witli acute ])ostcrior urethritis, 

3 with subacute anterior uretliritis, 6 witii suiiacute posterior urethritis, and 
one with chronic posterior urethritis. Of the 156 patients wiio were eventually 
cured by these sulfonamide derivatives, IS had epididymitis, 4 had gonorrheal 
arthritis, 4 had balanoposthitis, one liad a periurethral abscess, and one had 
inguinal adenitis before theraiJy was begun. 

The diagnosis of gonorrheal urethritis was based on the history, clinical 
symptoms and signs, and positive baeteriologic studies. These bacteriologie 
studies consisted of a smear and culture of the urethral c.Kudate in every case. 
All stains were done b 3 ' the Gram technique. The cultural technique used to 
identify the gonococcus was as follow's** : 

The urethral exudate or prostatic fluid is collected on a cotton swab. This 
swab is previousljf moistened with sterile physiologic .saline. The .swab is streaked 
on chocolate blood agar plates,! which arc then incubated!: at a temperature of 
37.5° C. for twenty-four to fortj'-eight hours. At the end of this period tjpical 
colonies are isolated and placed on chocolate blood agar slants. These slants 
are incubated at the same temperature for twentv’-four to forty-eight hours. The 
culture on the slant is tested for purity by the Gram stain tecluiiqire, and sugar 
tubes, containing dextrose, maltose, and levulose with a broth base, are incubated 
at the same temperature for twenty-four to forty-eight hours at 37.5° C. Gono- 
cocci ferment only dextrose with the production of acid and no gas; they do not 
ferment the other sugars. From the chocolate blood agar slants the organisms 
are also tested by the Alkali Solubility Te.s).§ 

The patients were seen twice a week during the early stages of treatment, and 
later at intervals of one or two weelvs. At each visit tlie customaiy urologic e.\'- 
aminations were made, including baeteriologic work at appropriate time inter- 
vals. Complete studies of the cellular elements of the blood were made in 55 
cases before and after treatment with the drugs. Electrocardiographic tracings 
were taken before and after treatment in 51 cases. Blood levels of the sul- 
fonamide were made on almost every patient. The technique of Bratton and 
Marshall was used in these analyses." 


In the beginning of the study it was decided to keep the dosage as uniform 
as possible, yet to individualize the dose to fit the patient’s disease. The drugs 
were continued for a few days after the patient was free of discharge or the urine 
had become clear in both glasses. 

All cases received the drug in divided doses, usually two, three, or four times 
a day. "Witii sulfapyridine the average dose to effect a cure was 23.5 Gin. given 


irpiiio tpphnical aspect of the stuOy was Cone by Drs. H. A. ShelanskI and L. Shelanski, 
of the Departaent of Zoology, the University of Pennsylvania. 

+The composition of chocolate blood agar is as follows: Difco Proteose Xo. 3 agar. Add 
0.3 pel cent whole deflbrinated horse Wood. Add blood when agar is 70“ to 70“ C. to get 

chocolate^ placed in an atmosphere of 10 per cent carbon dioxide and an excess 

when they are incubated. 

of ® ^ .. nikali solubility test is as follows: 0.1 N sodium hydroxide is 

§Tbe *iacfej.ia If the bacteria are gonococci, there will be complete lysis 

added to a sd®P®”®^^jg aoe^”not occur if the organisms are meningococci or AT. catarrhalis. 
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over a period of eight days. The range of do.sagc was 14 to 111 Gm. given pver 
a period of from seven to thirty-seven days. Witli sulfatliiazole the average dose 
to effect a cure was 28 Gm., given over a period of eight days. The range of 
dosage was 12 to 48 Gm., given over a period of four to twenty-eight days. AVith 
sulfadiazine the average dose to effect a cure was 17.5 Gm., given over a period 
of eight days. Tlie range of dosage was from 4 to 58 Gm., given over a period 
of from four to twentj'-one days (see Table I). 

Table I 


CiiE.'ioTiiEKAPV IN Gonorrheal Urethrites in the Male 
SUJIILVRY OP Essenti.vl D.vta 



SULPAPYRIDINE 

57 CURED CASES 

SULFATIII.VZOLE 

4S CURED C.VSES 

SULFADIAZINE 

51 CURED CASES 

Do^ilge to effect a cure 

Average: 23.-o Gm. 

in 8 days 

Range: If to 111 

Gm. in 7 to .37 days 

.Average: 28 Gm, in 
S daj’s 

Range: 12 to 48 Gm. 
in 4 to 28 days 

.Average: 17.5 Gm. in 
8 daj-s 

Range: 4 to 58 Gm. 
in 4 to 21 days 

Duration of discharge 

.Average: 3 days 
Range: 2 to 8 daj-s 

.Average : 3 days 
Range: 1 to 7 days 

-Average : 
Range : 

4 days 

1 to 30 da 3 's 

Time elapsing from begin- 
ning treatment until ap- 
pearance of first nega- 
tive prostatic culture 

.Average; 51 days 
Range: 14 to 162 

days 

[.Average : 28 days 

Range: 7 to 88 days 

.Average: 

Range: 

13 daj-s 

3 to 43 daj-s 

Time elapsing from cessa- 
tion of symptoms until 
last positive culture of 
the prostatic fluid (the 
carrier state) 

.Average: 17 days 
Range: 2 to 50 days 

.Average: 17 days 
Range: 3 to 53 days 

.Average : 
Range : 

3 daj-s 

0 to IS daj-s 


The provocative tests were begun when clinical .symptoms had ceased, and 
the urine had remained clear for three or four days. These tests were begun 
early because of the type of patients with which we were dealing. Most of the 
patients had a tendency to default when they began to feel that they were im- 
proving. The following consecutive tests were required of a patient before he 
could be discharged as cured: (1) Prostatic massage, smear and culture of 
fluid; (2) alcoholic indulgence; (3) passage of a sound into the urethra; (4) e.x- 
amination of a condom specimen; (5) repeated prostatic massages, both smear 
and culture of the prostatic fluid to be negative for gonococci on two or more 
occasions. 


The results of treatment of gonorrheal urethritis in the male with the three 
sulfonamide derivatives are summarized in Table II. Of the 199 patients stud- 
ied, 32 (16.2 per cent) defaulted and 167 (83.8 per cent) were followed to the 
completion of the cure, or failure. Of the 167 patients followed, 156 (93.5 per 
cent) were apparently cured, as evidenced by satisfying all criteria of cure, and 
11 cases (6.5 per cent) were failures. Most of the patients treated had an- 
terior urethritis, but all forms of acute and subacute m-ethritis were represented 
in this study. 


Of 62 cases treated with sulfapyridinc and followed, 92 per cent were ap- 
p.uentlj cured. Oi oO ca.se.s treated with sulfathiazole and followed, 96 per cent 
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were apparently cured, and of 55 cases treated with sulfadiazine and followed, 
93 per cent were apparently cured. There is no significant statistical difference 
between these cure rates. 

Table II 


Treatment With Scleo.namiue Deiuvatives or GoNOiuuiEAii Uketiiuiti.s in the Male 

An Analysis or 199 Cases 

Pliihidelphia General Hospital, 19S!)-19-I1 



j TOTAL 
j CASES j 

CASES 1 
FOL- 1 
LOAVED ! 

1 

CURED 

CASES 

1 

failures I 

defaulters 

NO. 

1 % 

NO. j 

% 

1 NO. I 

1 % 

Sulfapyridine ! 

mmm 

92 ! 


mam 

5 

s 



Sulfathiazole ^ 


50 ' 




I 

HH 


Sulfadiazine ' 

■H 

DO { 



■1 




Total cases 

1 199 i 

1(57 



11 


1 32 j 

^^9 


The results of tveaUueirt were uniformly good, no matter what the existing 
pathologic condition was at the time of beginning treatment. Tiiere were no 
complications in any cases during the period of treatment. 

Analysis of the cured cases sliowed the average number of visits to the clinic 
before cure was complete to he eight for sulfapyridine, six for sulfathiazole, and 
eight for sulfadiazine. 

In the entire series 11 eases were treatment failures. With sulfapyridine 
there were 5 failures. Failure in 2 eases was due to sensitivity to the drug tiiat 
resulted in exfoliative dermatitis. The other 3 failures with sulfapyridine were 
patients who failed to cooperate duriii" the period of treatment. They had 
coitus and alcoholic debauches during the early stage of treatment. With 
sulfathiazole there were 2 failures. These 2 patients failed to eooperate during 
the treatment period. With sulfadiazine 4 eases were treatment failures. It 
is interesting to note that 2 of these cases Avere syphilitic and Avere receiving 
mapharsen 0.06 6m. per Aveek at the same time that they Avere receiving sulfa- 
diazine. The poor results in these tAvo cases Avonld bring up the question as to 
whether or not mapharsen has an inhibiting effect on the action of sulfadiazine. 
One of the failures had previously been a therapeutic failure Avith sulfanilamide 
and sulfathiazole. At the time that he began treatment Avith sulfadiazine he 
had a subacute anterior-posterior urethritis and prostatitis refractory to the tAvo 
sulfonamides mentioned. The other failure did not cooperate. 

The incidence of those Avho defaulted Avitli sulfapyridine Avas 28.S per cent, 
Avith sulfathiazole 9 per cent, and Avith sulfadiazine 3.5 per cent. The differences 
in default rate may be related to differences in the toxicity of the three drugs. 

Toxic reactions Avere more commonly observed Avith sulfapyridine than Avitli 
any of the other drugs. Seventy-five per cent of the patients treated Avitli sulfa- 
pyridine complained of symptoms of toxicity, 11.5 per cent Avith sulfathiazole, and 
only 8.8 per cent Avith sulfadiazine. Three eases treated Avith sulfapyridine devel- 
oped severe exfoliative dermatitis requiring hospitalization. These three cases 
Avere previously reported in detail.® Headache Avas the most common complaint 
Avith all three drugs. Complaints Avere severe among those receiving snlfa- 
pyridine, but minoi° among those taking sulfatiiiazole and sulfadiazine. 
























L.V TOWSKY ET AL. : 


TREATMENT OF GONORRHEAL URETHRITIS 


1005 


In the cured cases the time elapsing between the beginning of specific therapy 
and the cessation of discharge for sulfapyridine averaged three days, and ranged 
from two to eight days; for snlfathiazole, it averaged three days, and ranged 
from one to seven days; and for sulfadiazine it averaged four days and ranged 
from one to three days (see Table I). 

The time that elapsed between the beginning of specific therapy and the first 
culture of the prostatic fluid which was negative for the gonococcus showed 
interesting differences among the three drugs. This period of time for sulfa- 
pjTidine averaged fifty-one days, and ranged from fourteen to one hundred and 
sixty-two days ; for sulfathiazole it averaged 28 days, and ranged from seven to 
eighty-eight days; and for sulfadiazine it averaged thirteen days, and ranged 
from three to forty-three days (see Table I). 

The time elapsing from the disappearance of the symptoms of gonorrheal 
urethritis to the last culture of the prostatie fluid positive for the gonococcus 
is the period of time known as the so-called “carrier state.” This period for 
sulfapjTidine averaged seventeen days, and ranged from two to fifty days; for 
sulfathiazole it averaged seventeen days, and ranged from three to fifty-three 
days; and for sulfadiazine it averaged three days, and ranged from zero to 
eighteen days (see Table I) . 

Blood levels of the drugs, appearing with the dosages stated previously, 
were as follows: suKapyridine, total, 1.6 to 9 mg. per 100 c.c. ; sulfathiazole, 
free, 0.4 to 8.7 mg. per 100 c.c. ; and total, 1 to 11 mg. per 100 c.c. ; sulfadiazine, 
free, 1.5 to 10.4 mg. per 100 c.c. ; and total, 2.1 to 11.5 mg. per 100 c.c. We did 
not find the blood levels of any prognostic value in regard to predieting toxic 
reactions or in determining the rapidity of cure. 

The effect of the various sulfonamide derivatives .studied on erythrocyte 
count, hemoglobin, leucocyte count, and differential count, was observed in 55 
patients. In general, there were no significant changes. 

Electrocardiographic studies were made on 51 patients before and after 
treatment with the drugs. There were no significant changes. 


SUMilARY 


A total of 199 patients were studied. Of this number 167 were followed to 
the completion of the study. Ninety-three and one-half per cent of these cases 
were cured. The rate of cure was 92 per cent for sulfapyridine, 96 per cent 
for sulfathiazole, and 93 per cent for sulfadiazine.® There is no significant 
statistical difference in these eure rates. 

To effect a cure, the average dose required was for sulfapyridine 23.5 Gm. 
in eight days, for sulfathiazole 28 Gm. in eight days, and for sulfadiazine 17.5 
Gm. in eight days. 


# .1 follow-up on the cases apparently cured by sulfadiazine reveal.., i » 

of the ol case.s originally discharged as apparently cured, 8 had returned ^ 

Kach of these 8 cases had been observed for from twenty-eight to 
three to eight smears and cultures of the prostatic fluid negative for the 
being discharged as apparently cured. It is dlfllcult to say de^finiteV 

^ o Tecuprence of the old infection or to reinfection^ from'?. '^^‘^PP^^.rance 

cascs gavc a history of exposure. If we are to cnnnJ tu contact 
failures our percentage of apparent cure^ whh ? cases of 

bt. )S iKT cent instead of per cent originally reported ' i’Ulfadiazine would 
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Toxic reactioiLs from the druj's occurred in 75 per cent of the cases treated 
with sulfapyridine, 11.5 ])er cent willi .sulfathiazole, and 8.8 per cent with 
sulfadiazine. 

The average time for the disciuirge to cease in patients treated was three 
days w’ith sulfapyridine, three days with sulfathiazole, and four days witli 
sulfadiazine. 

The average time for a haeteriologic cure, based on the appearance of the 
first negative culture of the prostatic liuid, was fifty-one day.s for sulfapyridine, 
IweiLty-eight days for sulfathiazole, and thirteen days for sulfadiazine. 

The “carrier state” so-called (the period from the di.sappoarance of symp- 
toms to the last culture of the prostatic fluid known to contain living gonococci) 
averaged seventeen days for sulfapyridine, seventeen days for sulfathiazole, and 
three clays for sulfadiazine. 

The criteria of cure in this study were strict and included as the final 
provocative test two or more negative smears and cultures of the prostatic fluid. 


CONCLUSIONS 

Prom our studies it would seem that sulfadiazine is a valuable drug hi the 
treatment of gonorrheal urethritis in the male because it has a high cure rate 
and a low incidence of toxicity ; it causes the prostatic fluid to become free of 
living gonococci sooner than any of the other sulfonamides we used. 

Sulfathiazole is veiy effective therapeutically and causes few toxic reactions. 

Sulfapyridine would better not be used in the treatment of gonorrliea in 
the ambulatory patient. It is very effective therapeutically, but it gives rise to 
many and severe toxic reactions. 

Wo wish to acknowledge the cooperation of Dr. Jcf£er.«on Clark, chief of tlie lahoratorics; 
Dr. W'alter Crocker, chief of the division of clinical pathology; Dr. John Reinhold, chief of 
the division of biochemistry'; and Dr. Thomas JlcJIiiian, cliieC of tlie division of cardiology 
of the Philadelphia General Hospital. 

Sulfapyridine was furnished to us by Alerck & Co., Rahway, N. J. 

Suifathi, azole wa.s furnished by the Maitbie Cliemical Co., X'ewark, X. J. 

Sulfadiazine was furnished through the courtesy of the Pneumonia Control Committee of 
the Piiiladclphia General Hospital, and the Nepera Chemical Co., Yonkers, X'. Y. 
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PYELITIS WITH SEPTICE^IIA CAUSED BY S. PAEADYSENTERIAE® 


Edith Hayxks, Ph.D., S. A. :\Lvxalax, il.D., axd Bkx B. Hakvey, H.D. 

IXDIAXAEOM.S, IXU. 


C OilPARATTVELY few c;ises of .scpticcir.ia or of urinary tract infections due 
to paradysentery bacilli have been reported. Our ca.se seems to be of special 
interest because both pyelitis and septicemia caused by ShiyeUa puyudyseiitei iua 
complicated the post-partum course of the patient. The same organism was 
isolated from two stool specimens, although no diarrheal sjanptoms A\ere obseiAcd. 

Appi’oximately 30 cases have been I’ccorded in which a septicemia has been 
attributed to a dysentery bacillus. In 1926 Ashwortb and otbers reviewed tbe 
literature on tbe occurrence of .septicemia in cases of bacillary dysentery. He 
listed 24 eases, including tbe one wbieh he reported, but among these were several 
whiehjwere not well proved. Rotlunan^ in 1936 added one ease to this list, and in 
1937 one of us^ reported two fatal eases of paradysentery in infants with positive 
blood cultures. Dodd and Swanson^ in 1938 reported three eases of paradys- 
entery from one of which a positive blood culture was obtained before death, and 
from the other two cases post mortem. 

Pom-teen cases of infection of the urinary tract by paradysentery bacilli had 
been recorded when the literature rvas rerdewed by Neter" in 1937. In two of 
three cases which he added to this group, a paradysentery bacillus was isolated 
from the stool as well as the urine; in the other case apparently only from the 
urine. No blood cultures were made. In August, 1940, we had in our hospitals 
two cases, and in December, 1940, there were also Lvo cases of urinary tract 
infection due to paradysenterj' bacilli. The blood cultures of the fir’st two, and 
one of the second pair, all of which were adidts, were negative, while none was 
taken from the fourth patient, who was a child. 

Two cases reviewed by Xeter," that reported by Calalb and lonesea and that 
reported by Cheatham, were eases of pyelonephritis comirlicating pregnancy. 

CASE REPORT 

D. R., aged 41 years, para 0, gravida iii, was admitted to the William H. Coleman Hos- 
pital on July 5, 1940, when her pregnancy was approximately at term. She complained of 
epistaxis of three days’ duration. Her physician had detected hypertension at the time of 
her first visit at the sixth month. Five and again two years previously, she had had 
spontaneous abortions at six months. Her last pregnancy was known to be complicated 
by a systolic blood pressure of 220. She gave a history of rheumatic fever as a child. At 
the age of 3 she had had a severe diarrhea, but no definite diagnosis was made. She had 
been employed as a nurses’ aide in a mental institution from the age of 30 to 3S. Durin" 
this time she had suffered from a diarrhea of two days’ duration. °AIany patients she had 
cared for had had diarrhea of an undetermined origin. ' 

Physical examination upon admission revealed a markedly obese white female The 
abdomen was enlarged to the size of a full-term pregnancy. Fetal heart sounds were heard. 

Medlearcentcn" departments of Clinical Laboratories and of Obstetrics. Indiana Universitj- 
Received for publication. May 31. 1341. 
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The retinae exhibited tortuosity of the retinal vessels, several small exudates, crossing 
phenomenon, and a vein-artery ratio of 2 to 1. A rougli, low-pitched systolic murmur was 
heard loudest at the upper end of the sternum and the aortic region. The blood pressure 
was 220/110. There was slight edema of the lower extremitie.s. 

On admission the urine contained 0.d2l per cent allnuucn, one granular cast per higli- 
power field, and ten to twelve pus colls; blood counts were essentially normal. Eight hours 
following admission, the membranes ruptured spontaneously, and uterine contractions 
promptly ensued. Approximately ten minutes later no fetal heart sounds were heard. No 
abnormalities were found on vaginal examination. Labor was terminated at the end of 
twelve hours by the delivery of a full-term stillborn male infant. There was evidence of 
compression of the umbilical cord due to the peculiar manner in which the cord wa.^ 
wrapped about the infant’s abdomen and both thighs. Ten hours' post partum the patient 
was seized b3' a severe pain in the right chest which murkedl.v impaired respiratory move- 
ments. Examination revealed a friction rub in the area of pain, and a blood pressure read- 
ing of 165/100. Sj'mpitomatic treatment was instituted consisting of morphine and nasal 
oxygen. Four hours later a similar episode occurred, involving the lower portion of the 
left chest. Her pulse was of jmor qualit_v and her temperature was 100° P. rectalW. -1 
bedside flat plate of the chest was obtained, which showed oah' a haziness in tlie lower 
lung fields. 'I’he following daj' her condition mrpeared to be slightlj' improved; orally, 
her temperature was 102° F. On the third post-partum day her temperature rose ^o 10-1° 
P., and she had a chill. Her complaints then were referable to the pain in the chest, aud 
no new physical findings were obtained. Another flat plate of the chest showed a clearing 
of the previously reported congested areas. From the fourth to the ninth days post partum, 
inclusive, she maintained a low-grade temperature elevation. On the tenth post-partum day 
the temperature whicii rose to 101.8° F. was accompanied by a chill and increased paia 
along the right costal border. On the eleventh po.st-partum day the temperature rose to 
lOS.l" F. Tliere were many clumps of pus cells and 1-t albumen in catheterized specimens 
of urine obtained these two days. A tentative diagnosis of pyelitis was made. A blood 
culture was obtained which yielded a gr-am-negative bacillus, which had t.vpical cultural 
characteristics of the paradysentery bacillus aud was agglutinated by Hiss-Strong anti- 
serum to a dilution of 1:160. 

The patient was given sulfanilamide therapy by mouth, following which there was 
general improvement in her condition. Ex.amination of the fundi on the twelfth post- 
partum day' revealed the presence of a recent flame-shaped hemorrhage in the right fundus. 
From the fourteenth to the twenty-eighth post-partum days the low-grade temperature 
elevation persisted, following which her temperature returned to normal and remained so 
thereafter for a period of twenty-two days. Her blood pressure stabilized at 110 systolic 
and 100 diastolic. Urea clearance was 51 per cent. X-ray studies made of the chest, 
urinary tract, gastrointestinal tract, and biliiirj- tract failed to add any information to this 
case. A diagnosis of toxemia of pregnancy upon a vasculorenal basis, pulmonary embolism, 
septicemia due to a paradysentery bacillus, and post -partum pyelitis was made. 

A gram-negative bacillus identical with that obtained from the blood was obtained 
in pure culture from the urine on July- 19, 1910, and was isolated from the stool on July 
23, 1910. A second stool specimen on July 26, 1910, yielded the same organism. Blood 
cultures made on July' 19, August 3, August 1, aud August 6, 1910, were all negative. 

Blood drawn from the patient on July 2.3, 1910, agglutinated S. paradi/senten'ae Strong 
at 1:160 dilution and S, paradyseiiteriae Hiss at 1:10 dilution. It agglutinated the organ- 
isms obtained from the blood, the urine, and the stool cultures at a dilution of 1:3, 130. On 
August 20, 1910, the patient’s blood serum agglutinated both Hiss and Strong dysentery 
bacilli at 1:160, and the organism isolated from the patient at 1:2,560 dilution. 

Gram-negative bacilli, which seemed to be rough variants of the paradysentery 
bacillus were isolated from the urine and stool on August 20, 1910. These bacilli gave 
tvnical fermentation reactions in the test substances used, but in spite of repeated efforts, 
smooth strains, which would be suitable for agglutination tests, were not obtained from 

the cultures. 


MOEHUG-JAFFK : SVXDRO-ME SIMULATING DIABETES INSIPIDUS lUUy 

It seems possible that this patient was a caiTier o£ the paradysentery bacillus 
and, since her resistance was reduced, an acute infection with the organism 
developed. The probable persistence of the organisms in the rough form after the 
acute symptoms had disappeared is of interest in this connection. Iseter con- 
cluded from his study of urinary tract infections caused by paradysentery bacilli, 
that these infections may occur during or following an attack of intestinal dys- 
entery or in xiatients without clinical evidence or histoiy of dj'sentery. It seems 
possible that the organism may persist in the genitourinary or intestinal tract 
after mild attaclcs of dysentery that the patient does not remember. 

CONCLUSION 

A ease of septicemia and urinary tract infection due to SMfjella para- 
dysenteriae complicating the post-partum coui’se of a patient has been reported. 
So far as we have been able to determine this is the first case to be reported of a 
paradysentery bacillus infection of the urinary tract with a positive blood culture. 

REFERENCES 

1. Ashworth, 0. O., and Upchurch, E. W.: Bacillarj' Dy.sentery — Report o£ a Case, With 

Laboratory Discussion hy Straus, A, H., Virginia yi. Alonthly 53; 359, 1926. 

2. Hothman, P. E.: Dysentery Bacillemia, J. Pediat. 9: 166, 1936. 

3. Haynes, E.: A Bacteriological Study of Forty Cases of Dysentery in Infants and Chil- 

dren, Including Two Cases of Flexner Bacillus Septicemia, J. Infect. Dis. 60: 231, 
1937. 

4. Dodd, K., and Swanson, H.: Dysenteric Bacteremia, Am. J. Dis. Child. 56: 1082, 19.38. 

5 . Neter, E.; Infections of the Urinary Tract Due to Bacterium Dysenteriae, J. Infect. 

Dis. 61: 338, 1937. 


SYNDROIIE SIMULATING DIABETES INSIPIDUS IN DOGS INDUCED 
BY DESOXYCORTICOSTERONE ACETATE* 


Clinical Observation of Syndrome With Addition of Tet.vny 


Robert C. IMoehlig, M.D., .vnd Louls Jaffe, il.D., Detroit, iliCH. 


D EOENTLY Ragan and associates* reported that with daily 25 mg. doses of 
deso.xycortieosterone acetate injected into dogs for a period of si.v weeks, 
they ^s"ere able to induce a syndrome of polydipsia and polyuria. Pitressin did 
not influence the syndrome, thus differing from true diabetes insipidus. We 
obtained similar results in dogs, using smaller doses in varying concentrations 
{b and 10 mg.) over a period of four months. Some of the material used was 
dissolved in propylene glycol. 1 

Two of 5 dogs used developed the .syndrome of polydipsia and polyuria, and 
one of these died. 

iluscular weakness and lack of coordination were prominent features in all 
b dogs. Ragan and a.s.soeiate.s obseiwed this in their dogs, and stated that it had 
Xn-eviously been observed by Kublmann and others. 


•From tin- Dep.inment of Internal Medicine, Hamer Hospital DetroiL 

'mf furnl.shed by Dr. Max Gilbert, of the Scherine Corporation 

Ilecelvtd for publication. May 31. 1311. “ ‘poration. 



1010 


THE JOURNAL OE LABORATORY AND CLINICAL MEDICINE 


The specific gravity of the urine in our polyuric dogs showed a gradual 
decrease toward 1.000. The intake of fluids was not accurately measured but all 
the experimental animals showed a marked increase in fluid intake. 

Two dogs had outstanding symptoms of ])o!ydipsia and polyuria, being con- 
stantly thirsty and drinking large quantities of ivater. These two dogs died, 
while the others showed disappearance of the syndrome wlien the dosage was 
reduced to 5 mg. per day. 

Soon after the syndrome was noted in the dogs, a male patient suffering 
from myasthenia gravis and in a relapse had a total pellet implantation of 1,300 
mg. of desoxj'corticosterone acetate. One pellet of 150 mg. was pui'posely 
“ crushed. Within two weeks he developed a very marked polydipsia and polniria. 
There was an increase of blood pressure from systolic 110 and diastolic 68 to 
systolic 138 and diastolic 92. 

Coincident with the polydipsia and polyuria, there developed symptoms of 
tetanj' — a positive Chvostek sign and Trousseau’s i>henomcnon was easily brought 
out during the reading of the blood pressure. He had spontaneous tetany of 
his hands several times during the day. Paresthesia of the extremities was also 
present. The serum calcium was 8 mg., and phosphorus was 3.93 mg. per 100 c.c. 
of blood. The electrocardiogram showed a prolonged RT-interval of 0.32 like 
that seen in hjqooparathyroidism. 

It is of interest that soon after the implantation the patient had a return of 
muscular strength, but when the polydipsia, imlyuria, and tetany set in, symp- 
toms of muscular weakness became marked. This was in distinct contrast to the 
striking improvement following the first imtfiantation of the pellets. This mus- 
cular wealoiess differed from the original myasthenia gravis symptoms in that 
there was no recovery with rest ; nor w-as there any speech difficulty. Further 
details of this will be given elsewliere. We know from our experimental data, 
as wmll as that of Ragan and associates, that this muscular w'eakness was in all 
likelihood due to overdosage of the ding. 

The sjmiptoms mentioned continued for two months, and for the last three 
mouths the patient states that he has never felt as well since the onset of his 
illness in October, 1939. A mild degree of polydipsia and polyuria are still 
present, but the tetany and paresthesia have disappeared-. To our knowledge, 
this is the first instance in wliich the syndi-ome of polydipsia, polyuria, and 
tetany A\lth paresthesia has been produced in a human being by overdosage with 
desoxyeorticosterone acetate. 

The patient has repeatedly emphasized that the injections of the drug, wliile 
seemingly holding the disease .stationary, do not compare with the i-elief obtained 
by implantation of the pellets. This is also the obseiwmtion of Thorn.- 

Our experiments confirm the findings of Ragan and his associates. They 
made careful electrolytic studies of their dogs in wliich they induced polydipsia 
and poljmila by giving dail.v injections of 25 mg. of desoxyeorticosterone acetate. 
AYhile the symptoms w^ere similar to diabetes insipidus, they noted that pituitrin 
was relatively ineffective, and fluid restilction did not cause dehydration in the 
animals. The converse is true in diabetes insipidus. They are of the opinion, 
therefore, that the condition wliich they descrilied is primarily a thirst, and only 
secondarily a polyuria. Why this should be is not known, although speculative 
possibilities naturally present themselves. 
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Sections of various orj^ans, such as the thyroid, adrenal, testes, o\aiies, kid- 
ney, spleen, and muscle were all normal, except in one dog which showed dc- 
glycogenation of the liver. Sejiarate sections of the hypothalamic area were 
made of the two dogs showing the polydipsie and polyuric syndrome. Unfor- 
tunately, the pituitary was lost during preparation for sectioning. The remain- 
der of the pathologic report follows : 

“111 sections of one of the bloelcs there is a region in which the leptomeninges 
are infiltrated with plasma cells and in this region an adventitial infiltration of 
the intracerebral vessels is also seen. The infiltrating cells consist almost exclu- 
sively of plasma cells forming large coats around the lumen of the vessels. There 
seems to he an increase of blood vessels. However, this picture could be due to a 
more pronounced marking of pre-existing vessels because of adventitial infiltra- 
tion. There is no visible adventitial endothelial proliferation. The region in 
which this definite pathologic finding rvas seen belongs to some part of the hypo- 
thalamus. It could not be determined which h3T30thalamic nucleus partieularly 
is involved. The pituitary was not included in the bloelrs. " 

Sunnnary: “The finding represents a localized encephalitic reaction show- 
ing a plasmaceUular infiltration of the leptomeninges and the adjacent intra- 
eerebral blood vessels. Whether or not this encephalitic reaction is a part of a 
more generalized process cannot be determined because of lack of mateiial. ’ 

These findings .suggest certain correlations unth the clinical picture of 
hypertension, polydipsia, and polyuria. This is based on the known phj'’siology 
of the hypothalamus in its influence on blood pressure and water balance. Fur- 
ther studies along these lines are suggested bj' these data. 

One of the dogs was pregnant and received the desoxyeortieosterone acetate 
injeetions daily for six weeks and bore a litter of seven, only two of which were 
viable. One of the latter died within a week. One may conclude from this that 
the drug was probably responsible for the fetal deaths. We are not prepared 
to say as to the mechanism bj" which this was produced. 

Selye’s^ work is of interest in this connection. He concluded that his ex- 
perimental evidence indicated that both in the mouse and in the rat desoxy- 
corticostei’one acetate causes marked involution of the adrenal cortex. He 
stated that the atrophy of an endocrine gland caused by the administration of 
an excess of the hoi-mone or homones which it produces is regarded as the exact 
antithesis of the compensatoi-y hypertrophy elicited by the hormone deficiency 
occasioned by partial extirpation of such a gland. For this mechanism of read- 
,)n.stnient, Selye suggests the term “ compensatoiy atrophJ^’’ 

He is of the opinion that this is of clinical importance and saj's that, for 
example, the use of desoxyeortieosterone acetate (a substance which is practieallv 
devoid of androgenic activity) in eases of adrenogenital sjmdrome in which there 
i.s' an excess production of androgen in the adrenal may prove useful in inhibitino- 
tlie faulty endocrine secretion of the cortex. ” 

This would not he without its dangei-s, however, since in this sjmdrome 
hypertension is already present, and the knonm lyiiertensive effects of the de.s- 
oxyeort icostcronc acetate would add fuel to tlie fire. Certainly the danger of 

v.r«u;.'';Sr'Iht™ogi'c?epo?t^ Department of Patholosi'. W'ayne Uni- 
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vascular cerebral, and cardiac accidents, is to be considered, and this might 
occur belore ' ‘ compensatory atrophy” had set in. 

The drug, no doubt, is a very useful one but must be used with caution, 
since it may give rise to dangerous, toxic symptoms. 

SUM3IARY 

A syndrome of polydipsia and polyuria was induced in two dogs by com- 
paratively large doses of desoxycorticosterone acetate. Profound muscular weak- 
ness was noted in the dogs so that they were unable to co-ordinate their mu.scle.s. 

A pregnant dog which had received the drug for a period of six weelis gave 
birth to a litter of 7, 5 of which died, one lived for a week, and the remaining 
one survived. 

Sections of the hypothalamus showed a localized encephalitic reaction with 
a plasmacellular infiltration of the leptomeninges and adjacent intracerebral 
blood vessels. ’Whether or not this encephalitic reaction is a part of a more 
generalized process cannot be determined because of lack of material. The sug- 
gestion was made that the clinical picture of polydipsia, polyuria, and hyper- 
tension might be under-stood by changes occurring in the hypothalamus. 

A patient with myasthenia gravis, who had an overdosage of the drug by 
implantation of the pellets of this material and the crushing of one pellet, showed 
the syndrome of polydipsia and polyuria. Sluseular weakness, such as was noted 
in the experimental animals, was also present. In addition, he had signs and 
symptoms of tetany, which we believe is a new symptom of overdosage. 
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THE EFFECT OF PITEESSIN ON EENAL CIRCULATION AND 
URINE SECRETION® 


Khalil G. Wakiji, H.D., J. F. Herrick, Ph.D., Edward J. Baldes, Ph.D., and 
Frank C. JLann, M.D., Rochester, Hinn. 


C ONSIDERABLE work on human subjects and on various species of animals 
has been done in an effort to determine the action of pitressin on the circu- 
lation of blood in the kidney as well as on urine formation, and to explain the 
mechanism of antidiuresis. Diverse methods have been emploj-ed, and pituitaiy 
extracts containing various amounts of impurities have been administered. Con- 
sequently, considerable data have accumulated which manifest equivocal interpre- 
tations and contradictory conclusions. This paper is a presentation of an at- 
tempt to demonstrate the alterations in tlie glomerular tuft of capillaries and 
other vessels in the frog kidney, as seen under the microscope, and the changes 
in renal blood flow in the dog kidney under the influence of pitressin when ad- 
ministered through the various possible routes under similar conditions. The 
only preparation used for the work reported in this paper was pitressin in 
ampoules (1 c.e. = 20 units). 

A. effect of pitressin on the GLOiIEKUL.AR CIRCULATION IN THE 

frog kidney 

Adolph*' ^ emploi'ed pituitrin (solution of posterior pituitarj’’) as one of the 
methods of decreasing urine formation in the frog kidney. He observed that all 
the methods that diminished the production of lu-ine decreased the circulation 
of the blood either locally or generally. He, therefore, suggested that these 
effects on the circulation aceoimt for the decrease in urine formation. By 
subcutaneous injection of pituitaiy extract into the frog (Leptoductylus ocel- 
latus), Biasotti® found that in twenty-four houi-s the normal frogs had an aver- 
age increase of 15.6 per cent in weight, and those with ligated ureters had an 
average increase of 26 per cent. He stated that Brunn* did not consider the 
effect to be produced by the kidney, because even in nephreetomized frogs the 
administration of pituitaiy extract causes a greater increase in weight than in 
the controls. Rey" injected posterior pituitaiy extract (Pituilobine Byla A or' 
B) into the abdominal lymph sac of frogs (Raiia temporaria), and observed a 
great diminution of urine formation for two or three houi-s after injection. He 
suggested that the posterior lobe e.xtract modifies the three factoi-s that take part 
in the regulation of water e.xehange in the body: namely, (1) the excretion by 
the kidney, (2) the retention by the tissues, and (3) the absorption by the skin. 

On the otlier hand, the work of Collin and Drouet® easts doubt on the water 
retentio n action of the posterior pituitary extract. They injected the extract 

•From the Moyo Foundation, the ilayo Clinic. Roclie.'iter. 
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(Choay No. 2 iuid No. 4) into l‘rof;s and compared their weight clmiige.s, for 
forty-eight hours after injection, with those of controls under the same environ- 
mental conditions, 'fheir lindings indicated weiglit changes in tho.se injected 
with extracts of the posterior pituitary lobe similar to the changes in the controls. 
Biu’gess, Harvey, aud iilaishall' accumulated evidence which enabled them to 
conclude that pitressin and pituitrin exert no autidiuretic action in the frog, but 
that in mammals the antidiuretic action of these substances is “due to a stimu- 
lation of water reabsorption by the thin .segment of the loop of Henle.’’ From 
his work on water interchange in frogs and their weight increases under the 
influence of pitressin, Steggerda® suggested the probability that pitressin causes 
an increase in skin permeability, possibly by acting directly on the circulatory 
system or by some change in the mclauophores. He expressed the opinion that 
the antidiuretic effects of pitressin do not play a major role in the weight in- 
creases of the frogs. Richards and Schmidt® observed that small amounts of 
pituitrin administered intravenously increased the number of active glomeruli, 
and also the number of active capillaries in the tuft of a single glomerulus in tlic 
frog kidney ; but both were decreased under the influence of large doses. 

Method . — For our observations on the circulation in the frog kidney we 
modified the method of illumination described by Knisely.’®’ “ The experiments 
were made on anesthetized male frogs (liana pipiens) whose weights ranged from 
25 to 45 Gm. Anesthesia was i)roduced by injecting into the dorsal Ijunph sac 
0.1 c.c. of a 25 per cent solution of urethane per 10 Gm. of body weight. The 
abdomen of the frog was opened by a paramedian incision, carefully avoiding 
the big vessels, and the edges of the incision were gently cauterized to prevent 
loss of blood. The animal was laid on a block of cork with frog-Ringer’s solu- 
tion gently flowing over the exposed viscera to prevent drying. "Water was 
kept trickling around the intact body of the frog to dilute the Ringer’s solution 
in contact with the skin and to prevent dehydration. The kidney was protected 
fi’om the heating effect of the light, transmitted through the quartz tubing, by 
a constant stream of Ringer’s solution flowing through the bore in the delivery 
tip introduced retroperitoneally, dorsad to the kidney. Such a preparation could 
be kept functioning normally, wthout any signs of hemori-hage or other disturb- 
ances, for at least nine hours. Healthy frogs were used, and the normal kidney 
circulation in several microscope fields was carefully studied before any' obser- 
vations on the effects of pitressin were made. Amounts of pitressin ranging from 
0.01 to 0.1 c.c. were injected either into the lymph sacs or intravenously into 
the anterior abdominal vein, or were applied directly through a very fine 
needle to the microscope field under observation. A stop watch was irsed to 
record the time when the drug was administered, when any effect was observed, 
and when the affected parts returaed to their original condition previous to the 
administration of the drug. 

Results . — ^When pitressin Avas administered by direct application of 1 or 2 
drops over the microscope field under observation, it was found that in three to 
ten seconds undiluted pitressin produced cessation of activity in all glomeruli 
in the field. In some glomeruli the afferent arterioles contracted to disappear- 
ance during the maximal effect, and Avhatever blood eeUs were in the glomerular 
tuft of capillaries remained motionless until renewed activity gradually took 
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place. Such renewed activity would occur in a period ranging from two to ten 
minutes. However, not all the glomeruli ceased functioning at once, nor did they 
become active again at the same time. The afferent arteriole.s of .some glomeruli 
contracted enough to prevent passage of blood cells while pla.sma still passed and 
gradually forced the corpuscles out of the glomeruli, thus leaving the glomerular 
tuft of capillaries free of lilood cells until renewed activity took place. The blood 
(low in the other vessel.s of the kidney area under observation became so slow 
after application of pitressin that for a period of several minutes no axial or 
peripheral streams could be demonsti’ated, and the cells, white and red, could 
he easily identified in the slow stream throughout the lumina of the vessels. 
Dilutions of pitre.s.sin up to 1 :100, when directly applied in 2 drops over the area 
under observation, gave the same changes i)ut for much shorter duration. Higher 
dilutions gave no detectable change. 

Injection of undiluted pitressin in amounts ranging from 0.05 to 0.1 e.c, into 
the lymph sac produced within two minutes a noticeable sloudng of blood flo-w 
throughout the kidney areas under observation. Changes .similar to those de- 
scribed under direct application of the drug were noticed, except that the 
glomeruli, instead of showing complete ce.s.sation of blood flow, showed very slug- 
gi.sh flow through their capillary tufts. This lasted for at least twenty minute.s, 
and often for more than half an hour. Dilutioas up to 1:200, when given in 
amounts of 0.1 c.e. into the Ijinph .sac, produced a slowing of the blood stream 
in the various vessels of the kidney area, which was much less marked and 
shorter in duration than that produced by the undiluted dose. 

The injection of 0.05 c.e. to 0.1 c.e. of undiluted pitressin into the abdominal 
vein of the frog produced, nlthin twenty seconds, complete ee.ssation of activity 
of all the glomeruli under obseiwation. Some glomeruli became completely 
blanched and had no blood cells in their tuft of capillaries whatsoever, Avhile 
other glomerali had their capillaries packed noth motionle.s.s red and white blood 
cells. This cessation of activity lasted for periods varying from two to eight 
minutes, after which recovery began to take place in the glomeruli at different 
times. The other vessels in the area .showed marked sloping of the blood stream 
to such, an extent that the flow became jerkj^ and in some vessels it wavered back 
and forth without much forward progress. The .slomng of the blood stream in 
the kidney tis.sue under observation lasted from twenty to forty-five minutes. 
Dilutions up to 1:500 gave sueii effects as already described, but the duration 
generally varied inversely with the dilution. Dilutions higher than 1 :500 pro- 
duced no detectable changes. Xo matter what route wa.s used for administration 
undiluted pitre.ssin produced various degi-ees of anemia of the area under obser- 
vation as a result of va.scular constriction. 

n. El’ FKC r 01 I*ITRESSIX ox REX.VL BLOOD FLOW AXD URIXE SECRETIOX 

IX THE DOG 

In a clinical investigation on human subjects, Stead, Kunkel, and Welss’= 
found that the intramnseular admini.stiation of pitre.ssin produced a greatly re- 
duced blood flow in the hands as well as abdominal cramps and a.shen pallor 
In their study on the trained dog, fieiling and co-worker.s’’ reported a marked 
and prolonged dccrca.se of blood flow in tlie femoral and carotid vessels (arteries 
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and veins) following the intravenous administration of pitressin. However, in 
a few observations on the renal arteiy they observed a transient decrease followed 
by a prolonged and marked increase. Grindlay and two of us (Herrick and 
IMann**) reported a marked decrease in the blood How of tlie spleen following 
the inti-avenous injection of 0.05 c.e. of pitressin into dogs. Esse-v and his 
co-workers’” reported that the intx-avenous administration of pitressin into 
trained dogs pi'oduced a decrease from 64 to 84 per cent in the coronary blood 
flow and reduced the heart rate. 

Handovsky aixd Samaan,’® using the Hein thermostronnxhr on both anes- 
thetized and unanesthetized dog.s, ob.served an initial i-eduction followed by a 
prolonged increase in renal blood flow under the influence of large doses of pos- 
tei’ior pituitai-y extract administei’ed inti'avenously. They used various com- 
mercial preparations of posteidor pituitaiy extracts. Janssen and Eein’‘ deter- 
mmed the renal blood flow of decerebrate dogs \mder the influexxce of fresh pos- 
terior pituitaiy exti-act. They concluded that the process of antidiuresis was 
not accompanied by anj' alterations in the renal blood flow. Walker and co- 
workei-s’® injected pituitrin subeutaneou.sly into unanesthetized rabbits and dogs, 
and determined the renal blood flow dui-ing the development of the antidiuresis, 
They observed very slight decrease in x-enal blood flow in some expeidments, and 
an apparent marked increase in three of ten experiments. They stated that 
decrease in renal blood flow does not play any part in the antidiuresis in either 
dog or rabbit. Unpublished observations by A. E. Livingston and one of them, 
reported in a footnote, indicate a decrease in the size of the dog’s kidney ob- 
served roentgenographically during pituitrin antidiuresis. They attributed this 
decrease to changes in tubule volume i-ather than to a decrease in the size of the 
vascular bed. Their observations on creatinine clearances indicated no consistent 
reduction under the effect of pituitrin, and they concluded that changes in 
the glomerular filtrate are not the mechanism of the antidiui-esis. 

In their work on dogs, Underhill and Pack’® found that intravenous adminis- 
tration of pituitrin caused marked dilution of the blood, and that exclusion of 
the kidneys by mass ligature at the hilus previous to the injection of pituitrin 
did not modify the hydremia produced by the pituitrin. They considered the 
hydremia and the antidiuretie action to be due to some unknown action on eapil- 
lai^'' permeability. From his work on the isolated, peidused Iddney of the dog, 
Yerney^® concluded that the pituitrin-like secretion picked up by the blood pass- 
ing through the head inhibited the polyuria of the isolated kidney and decreased 
the renal blood flow. Richards and Plant®’ determined renal blood flow by the 
method of Barcroft and Brodie®® in dogs, rabbits, and cats under ux’ethane anes- 
thesia after intravenous administration of small doses of pituiti-in. They ob- 
tained a decrease in renal blood flow in dogs and rabbits but not in cats. 

Method . — The observations on the renal blood flow were made by the thei-mo- 
stromuhr method of Rein, xvhich was modified by Essex and two of us (Baldes 
and Herrick®®’®’). Direct current thei-mostromuhr units wei-e cai'efullj’- cali- 
brated before and after application. The calibrations were made and checked 
in such a way that the deflections of a sensitive moving coil galvanometer could 
be translated into cubic centimeters of blood flow per minute. 




flow increased beyond the preinjection level. 



lOlS 


THE JOUKXAL OF LAIiOKATOKY AND CLINICAL JIEDICINE 


Three groups of liealthy dogs were used for investigating this phase of the 
problem. The anesthetic used on the first group was pentobarbital sodium, which 
was slowly administered intravenously in amounts of 25 mg. per kilogram of 
body weight. The kidney was well exposed through a midline incision of the 
abdomen, and the renal artery or vein was gently dissected and earefuliy cleaned, 
avoiding injury to any of the nerves in the hilus. A caliiirated unit was snugly 
fitted around the renal vessel and conveniently anchored to avoid any interfer- 
ence or turbulence in the blood fiow of the vessel used. The same technique was 
used in applying another unit on the vessel of the second kidney. In some 
experiments a unit was placed on the common iliac artery or vein instead of one 
of the kidney vessels in order to permit simultaneous recording of the effect of 
pitressin on the blood flow of the kidney' as well as of the lower extremity. 

Tabi.e I 


PlTRES.SIX: A COMP.UilSOX Ob' SunCrTAXnOUS, IXTRA.MUSCUL.VT., AXD TXTltAVEN'OUS IS'JECTIOXS 


BOG 

NO. 

WEIGHT 

(kg.) 

OBSEHVATIOXS 

il.VBE 

DOSE 
( UXITS 
VEli KG.) 

MODE or 
IXJECTXOX 

PEBCEXT.tCE 
DECRE.VSE I-V 
BEXAL BROOD 
FLOW FOLLOW- 
ING INJECTION 

1 

13.3 

During pentobarbital 

0.0 

Intravenous 

00 



sodium anesthesia 

0.0 

Intramuscular 

0 




0.0 

Intramuscular 

S 




0.0 

Subcutaneous 

S 




0.0 

Subcutaneous 

s 




0.6 

Intravenous 

75 

2 

19.3 

During chloralosan 

0.0 

Intravenous 

■IS 



unosthesia 

0.0 

Intramuscular 

3 




0.6 

Subcutaneous 

1 




0.0 

Subcutaneous 

9 




0.0 

Intraiubiscular 

7 

3 

17 

Second day after 

0.3 

Subcutaneous 

7 

Trained 


operation 

0.075 

Intravenous 

3S 

dog 



0.3 

Intramuscular 

10 (increase)* 




0.15 

Intravenous 

17 



Third day after 

0.15 

Intravenous 

55 



operation 

0.45 

Intramuscular 

11 (increase)* 





Intravenous 

51 

•1 

21.7 

Second day after 

■eishI 

Intravenous 

90 

Trained 


operation 




dog 


Third day after 



90 



operation 


Intramuscular 

30 





Subcutaneous 

21 


♦In two instances the flow was increased slightly by intramuscular injections in Dog 3. 


Note: Intravenously administered, pitressin produces consistently a decrease in renal 
blood flow ; intramuscularly. It gives variable results ; subcutaneously, it usually has no cfCcct on 
the renal blood flow. 

Both ureters w'ere isolated and eaimulated at their entrance into the bladder. 
Y-shaped glass tubing was connected to the ureteral cannulas to lead tlie urine 
into a common exit for recording the rate of urine flow. The femoral vein was 
exposed for intravenous administration, and the carotid artery was cannulated 
for recording blood pressure. Heparin was used as anticoagulant in the system 
for optical recording of the carotid blood pressure. The abdomen was closed, 
leaving- betw'een the sutures the tubing of tlie ureteral cannulas and the flex- 
ible rubber-insulated lead wires of the units. The two galvanometer deflec- 
tions translating the blood flows in the two kidneys and the optical record of 
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,e M0.a l,«»s,u.c .ce a.. 

ss.*:: 

by r“iutravroU admhmt..alio„ of cl,loi-alosan-100 mg. per k.Iogram of 
body weight, dissolved in warm Einger’s solution. 



T,.:„ O Fffect of oitressin under different anesthetics: A, chloralosan ; B. pentobarbital 

sodium Under cbloralokn. the injection of pitressin. in spite of the much larger dose, gave a 
mi ih smaller decrease in renal blood flow than did pentobarbital sodium. 


For the purpose of avoiding the influence of anesthesia, another series of 
experiments were performed on dogs that had been trained to lie quietly on 
the table. On a day prior to the experiment, the dogs were etherized and, 
with the usual aseptic technique, the renal vessel was exposed and a calibrated 
unit was applied as previously described. The lead wires of the unit were 
exteriorized, and the abdominal incision was carefully .sutured according to 
surgical principles. Observations on renal blood flow were made after the dog 
bad recovered from the operation. After a few days of blood flow studies, the 
femoral artery was exposed under local anesthe.sia, and the blood pressure was 
optically recorded simultaneously with the renal blood flow on the same chart. 
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Table II 


Effect of Successive Doses of Pitbessik (Gives Istravesousi.y) os Blood Flow is 
Renal Veins (Weight of Dog, 13.2 kg.) 


DOSE (UNITS PER KG.) 

PERCENTAGE DECKHbVSE IN BLOOD FLOW 

LEFT RENAL VEIN 

RIGHT ben.vl vein 

0.15 

67 

70 

0.15 

60 

58 

0.15 

75 

72 

0.15 

63 

65 

0.075 

50 

49 

0.075 

54 

57 


T.vble III 


Effect of Pitressin on Drine Formation in Anesthetized Dogs 


DOG 

NO. 

■WEIGHT 

(KG.) 

DOSE 

(units 

PER KG.) 

MODE OP 
INJECTION 

URINE, DROPS 

PER MINUTE 

DUPATIOS 

OF EFFECT 
(JIINOTES) 

BEFORE 

INJECTION 

AFTER 

INJECTION 

1 

13.3 

HiKQm 

Intravenous 

mmm 

3 

6 




Intramuscular 



No effect 




Subcutaneous 


6 

No effect 

2 

19.3 

0.0 

Intravenous 


1 

9 



0.6 

Intramuscular 

13 

9 




0.6 

Subcutaneous 

12 

12 


5 

13.8 

0.4 

Intravenous 


1 

s 



0.4 

Intramuscular 


o 

No effect 



0.4 

Subcutaneous 


i 

No effect 



0.4 

Subcutaneous 


1 

No effect 

6 

12.0 

0.5 

Intravenous 


1 

S 



0.5 


3 

2 


7 

18.8 

0.3 

Intravenous 

moM 

1 

7 



0.5 

Intramuscular 


10 


8 

22.0 

0.65 



1 

s 



O.Oo- 


3 

3 


9 

15.4 

0.5 

Intrai'enous 

5 

1 

10 



0.5 

Intramuscular 

3 

3 

No effect 


Note; Intravenous administration ot pitressin immediately causes anuria followed b>' 
oliguria for about six to ten minutes. Intramuscularly it produces slight oliguria, but sub- 
cutaneously it does not have any effect on the urine formation in the anesthetized animal. 


Results . — given intravenouslj', pitressin has a pronounced effect on 
the renal blood flow in the trained dog, that is, a marked decrease (Fig, !)• 
This effect depends on the amount of the drug injected (Fig. 2). The decrease 
in flow is less pronounced when the dog is anesthetized and seems to vary with 
the kind of anesthetic used (Fig. 3). 

When pitressin is given either intramuscularly or subcntaneoiisly, its effect 
is less marked. In contrast to the intravenous injection, the subcutaneous 
injection produces no significant change in either the renal blood flow or in 
the systemic blood pressure. Intramuscular injections produce slight but vari- 
able changes in renal flow (Table I). 

Some investigators have expressed the opinion that subsequent injections 
of pitressin do not have as marked an. effect as the first injection. We have 
not been able to confirm this. Successive injections were never made, how- 
ever, until the renal blood flow had returned to the preiiijectioii value. Under 
these circumstances successive injections caused a decrease similar to that of 
the first (Table II). 
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Conwviuni' tlie effect of pif ressiii on blood pvcssui-e, \vc wink to cull atten- 
tion to the fall in blood pre.s.sure following the iuuucdiatc transient rise (ligs. 
26' and 3/S) which sonietinies takes place previous to the prolonged moderate 


increase. 

The decrease in renal blood How is not maintained over a.s long a period 
as that in the femoral or carotid arteries. Another distinguishing character- 
istic is that the initial deerea.se in venal flow is followed sometiine.s by a pro- 
longed and marked iner case in the trained dog (Ifig. lf>). 

The well-known decrease in urine flow occurred following intravenou.s 


injections of pitressin (Table III). 


.SU-M-AIAKV 

By mcan.s of tran.sillumination, direct oh.servations ivere made on the effect 
of pitressin on the glomerular tuft of capillaries and other ve.ssels in. the frog 
kidney. Various dilutions of pitressin were applied directly to the illuminated 
area of the kidney, or were injected into the lymph sac or into the abdominal 
vein of the frog under urethane anesthesia. Depending on the amount and 
dilution used, pitressin produced ce.s.sation of the circulation in the glomerular 
tuft of capillaries for a fraction of a minute to .several minute.s, and slowed 
the circulation in the other ve.s.sel.s to .such an extent that no axial .stream wa.s 
observed, and the white and red eoi-pu.scles could be easily distinguished in the 
slowly moving stream witliin the lumen of the vessel. 

Simultaneous records of urine and renal blood flows and optical records of 
blood pressure were made on a group of dogs under pentobarbital sodium 
ane.sthe.sia and on another group under ehloralo.san ane.sthc.s)a. It wa.s ob- 
served that pitressin, subcutaneously administered, cau.sed no ehange.s in urine 
or renal blood flows or in the blood pressure. Intramuscular in.jection.s pro- 
duced variable but .slight changes; but, when given intravenously, pitres.sin 
always produced tran.sient anuria followed by oliguria for several minute.s and 
a marked decrease in renal iilood flow, from which recovery usually wa.s not 
complete in half an hour, and' sometimes not even in one hour. Intravenous 
injections of pitre.s.sin produced a sudden but transient rise in blood pre.ssure, 
followed occasionally by a tran.sient fall, and then by a gradual prolonged but 
moderate rise wliich lasted for approximately a quarter hour. 

A .series of observations on renal blood flow wa.s performed on a group of 
trained' dog.s. The re.sult.s under influence of pitre.ssin injected .subeutaneou.sly, 
intramuscularly, or intravenously were practically the same a.s in the ane.s- 
thetiacd group.s. Ifowever, it was observed that the decrease in renal blood 
flow after intravenou.s administration of pitrcHshi wan more marked and usu- 
ally lasted longer in trained dogs than in anesthetized dog.s, 

cox'cm;siox.s 


The (lata presented justify tl.e eon<du.sion that the .same preparation of 
pitrassm a(lministered imdcr identical conditions into the same animal produces 
different efieets on the renal blood flow, depending primarily on the route of 
adnuiustratum. Subeulaueously administered, it produces very .slight if anv 
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sibly dependent on the vaseulai-ity and aetivit3' of the area involved and it.s 
infinence on tiie rate of ahsoi-ption. Jn) ravenously' adininistered pitressiu in- 
variably decreases the blood How, and caution regarding its intravenous use 
niaj' aid in the prevention of untowai-d effects. 
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SILICON IN NONSILICOTIC LUNGS: ITS RELATION TO 
APICAL SCARS AND TO NODULES® 


George J. ]McHeffey, JI.D., Rochester, JIixx. 


I T HAS been accepted generally that the fibrotic scamng observed at the 
apices of lungs is of tuberculous origin. Tliis view has been held until 
recently, when it was suggested that carbon pigment plays a part in the develop- 
ment of such scars. Still more recently, work has been done to demonstrate 
the relationship between the accumulation of silicious dust in the lungs and the 
presence of scars showing no evidence of healed tuberculosis. 


ETIOLOGIG COXCEPTIOX OF APIC.VL SC.VRS 


Tuherculosis . — In 1900 NaegelP reported a study of the incidence of tuber- 
culosis in 500 cases in which necropsy was performed. Apical scars were pres- 
ent in the lungs in 90 per cent of the cases in which the patients had lived in 
cities and! had died of causes other than tuberculosis. He, therefore, suggested 
that the scars were of tuberculous origin. His view has been supported by 
many other workers. Aschoff,^ in particular, stated that 90 per cent of adults 
have apical scars and affirmed that all of these are of tuberculous origin. Few 
investigators have put forth a satisfactory explanation as to why this scarring 
occurs. Opie^ expressed the opinion that the le.sion is a secondary type of 
infection derived from an exogenous source. He found apical scars in one of 
five or six adults in the later decades of life. He also found! that many lesions 
were active and that the primary complex was calcified.. Consequently, he 
expressed the opinion that this lesion is a secondary type of infection. Van 
Zwaluwenburg and Grabfield* in 1921 were convinced that this lesion is closely 
associated with a previous tuberculous infection of the tonsils or cervical lymph 
nodes. Grober^ injected India ink into the phaiynx of dogs. The dogs were 
killed and the lymphatics of the neck and apical regions were dissected to 
determine the dissemination of the ink. He found that the ink had been car- 
ried down the cervical lymphatics directly into the pleurae of the apices of the 
lungs. He concluded that apical scarring is brought about in this manner and 
that this is possibly the route of infection in many cases of pulmonary tuber- 
culosis. Baldwin, and co-workers® of the Trudeau Foundation, expressed the 
opinion that the infection reaches the apex through the blood stream by way 
of the pulmonary artery. They subscribed to the hjqiothesis that the liilus node 
in the aetive stages of the primary infection is unable to hold all the organisms 
of tuberculosis that lodge there, and consequently the organisms are 'thrown 
off into the thoracic duct and thus into the pulmonary artery. 


•From llio Mayo Foundation, the Mayo Clinic, Rochester. 

Abstract of thesis submitted to the f.aculty of the Oradu ito ‘Nrbnrti r.r t- • 

of the r.auiremc-nt.s for the .lesrf-e'oT'MLJ'r m 

Roccivoil for publication, June 9. 1911. 
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Dust. — While relatively little work has been clone concerning the possi- 
bility of inhaled dusts as an etiologic agent for apical scars, wliat has been done 
seems to indicate a silicotic or dust origin for these scars contrary to the view 
of others that they are invariably of tuberculous origin. The work does not 
rule out, however, other inllamniatory proce.sses. Histologic examination of 
the lungs often shows an excess of anthracotic deposits associated with various 
degrees of fibrosis; and since apical sears are frecpientiy associated with heavy 
anthracotic deijosits, some workers have suggested that carbon pigment may 
play a part in the development of the .sears, although at the same time they 
feel that the lesions are tuberculous in origin. This view has been expressed 
by Sato.' Davson and Susman'® in 1037, studying micro-incinerated sections, 
concluded that the development of apical scars is secondary to the accumula- 
tion of silieious matter at the apex of the lungs. Also they .showed that there 
is a definite relationship between silicious' dust accumulating in the upper part 
of the lung and the sears that did not show evidence of tuberculosis. 

JIATERIAL .VXD JIETIIODS 

Micro-incineration. — Without going into the details of the technique of 
micro-incineration, let it suffice to say that it is a histologic method to demon- 
strate the presence and distribution of some of the various mineral components 
in tissues. The method is based upon the principle that, when a section of 
tissue is subjected to a temperature of 600® C., all organic material is destroyed, 
leaving the inorganic ashe.s. In these ashes are found the heat-resistant min- 
erals, and in particular in the ease of lung tissues, the deposits of the silicon 
compounds. The method is of value in determining the relative quantity of 
silieious matter in a given section of lung tissue and is of paj-ticular value in 
differentiating the silicotic nodule from the tuberculous nodule, as shown by 
Policard and Doubrow,*’ and Irwin'® (Figs. 1, 2, 3, and 4). In the silicotic 
nodule the silicious ash is distributed rather uniformly throughout the entire 
nodule, while in the tuberculous nodule the silicious material is limited to the 
periphery of the nodule in the region corre.sponding to the capsule. Irwin 
inferred that if the ash pattern of silicosis is found, it represents a silicotic 
nodule, even if the corresponding area in the stained section has degenerated 
beyond recognition; and if such an area does not contain anj’^ particles of ash 
or only a few scattered ones, it is an area of nonsilicious fibrosis. 

Method of Procedure for This Study . — The lungs in 200 patients in whom 
necropsy was performed at the Mayo Clinic from Sept. 1, 1938, to Dee. 31, 1938, 
inclusive, were examined. On gross inspection, the degree of anthracosis and 
the grade of apicjil scarring were noted. Both findings were recorded on a 
basis of 1 to 4. In addition, the presence or absence of evidence of healed 
tuberculosis in the lung or hilus lymph nodes was observed. The lungs that 
did not show evidence of healed tuberculosis were examined roentgeno graphi- 
cally by Squire" for calcium clepo.sits which were later recovered by him. 
Cases in which calcium deposits were found in the lungs were added to those 
cases of healed tuberculosis already ascertained by visual inspection. Finally, 
the ao-e sex, occupation, and residence of the deceased were recorded. The 
o-reat°majority of these 200 persons were adults more than 20 years of age, 
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while the minority consisted of younger persons, including a few children. 
Also, the lungs and portions of lungs in several known cases' of silicosis were 
examined. A similar examination was made of the lungs of a few ne-wborn 
infants. The latter two sets of lungs, those from persons who had had silicosis 



Fig. 1. — Silicotic nodule in a known case of silicotuberculosls (hematoxylin and eosin, X'42). 



Fig. 2.-Consecutlve section to Fig. showing ash pattern of a silicotic nodule 

and those from infants, were examined for the puipose of comparison and con- 
tiol. but nm her ot these sets was included in the 200 afore-mentioned cases 
none of ^\ inch revealed any evidence of cliiiieal silicosis during life. 
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The lungs were sectioned longitudinally at intervals of y-i inch (1.3 era.) 
to determine whether or not there was any gross evidence of silicosis, such as 
the presence of a nodule in the lung or hilus nodes, the presence of “egg shell” 



Fig. 3. — Tuberculous nodule situated near the silicotic nodule shown in Fig. 1 (hematoxylin and 

eosln, x34). 



.1 Consecutive section to Fig. 3, incinerated, showing ash pattern o£ a tuberculous nodule 

^ (dark field, X34). 

calcification in the hilus nodes, or the presence of suspicious regions of fibrosis. 
If any such lesions tvere discovered, blocks of tissue were made of the region 
involved and were placed in a fixative of 10 per cent formalin. Then routinely 
one block of tissue was cut from the apical sear or from the apex in those lungs 
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not revealing' a s^iw, one block from the xippei- lobe near the scar but not iii' 
eluding it, one block from the lower lobe, and one of a hilus lymph node that 
did not contain calcareous material. These blocks, after fixing, were embedded 
in paraffin in the usual manner, and serial sections were cut of a thickness of 
5 microns. Three sections were cut, one for staining with hematoxylin and 
cosni, and two unstained sections for micro-incineration. After ineineration the 
sections were treated with concentrated hydrochloric acid so as to remove the 
inorganic ash, and then were examined rvith dark-field illumination. By com- 
parison with the consecutive stained sections, an exact localization of any de- 
posits of silicious ash was obtained. Furthermore, since all sections were of 
equal thickness, the amount of silicious ash was compared by visual estimation. 
For the purpose of estimation of the amount of silica in any given section, 
four grades were recognized: grade 1, slight amount of ash deposits about the 
blood vessels or bronchioles; grade 2, moderate amount of ash deposits about 
the blood vessels or bronchioles as.soeiated udth a slight amount of diffuse 
scatterings of asb throughout the parenchyma; grade 3, large collections of 
ash deposits about vessels and bronchioles associated with a tmiform scattering 
of ash throughout the parenehjnna; and grade 4, large coBeetions of local 
deposits associated with large deposits throughout the pai'enchyma. In the 
case of silica grade 4, the amount corresponded to that found in sections from 
the fibrotie portions of silicotic lungs. 

RESULTS 


The apical scar lesion occurred at the apex of either one or both lungs and 
was characterized by a firm, grayish-white, opaque, “scarred” region with 
vaiiable degrees of puckering of the visceral pleura. In some cases the scar- 
ring wms more extensive and formed a cap. A feAv of these caps felt on palpa- 
tion as if they w^ere constructed of cartilage. Sections of the region had in 
some cases a dark anthracotic fibrosis in the subjacent lung substance without 
any evidence of caseation or calcification. A few scars revealed gross evidence 
of calcification. In some cases the parenchyma of the lung directly beneath 
the .scar contained an emphysematous cavity or multiple smaller ones. 

By histologic examination there was fibrous thickening of varying depth, 
and the subjacent lung parenchyma revealed a greater or lesser degree of 
fibrosis. The fibrous tissue Avhen stained Avith hematoxylin and eo.sin usually 
exhibited a bluish pink to pink color of the conneetiAm tissue fibers. In many 
cases the connective tissue had become hyalinized. The extent of the fibrotie 
regions varied; in younger people the lesions AVere smaller, Avhile in the older 
age groups the more massiAm lesions n.sually occurred. There Avas considerable 
proliferation of collagen fibers throughout the fibrotie regions in some of the 
lesions, some of Avhich could he traced into the paz-enehyma of the adjacent 
lung and merged Avith it. The fibrotie region.s cozztazned A-aiying amoimts of 
earhon pignzent scattered diffusely throughout the sear. In some°eases numer- 
ous alveoh containing clumps of phagocytes laden with earhon oce«rz-ed mthm 
the fibrotie region.s. In I'mir scai-.s giant cells wez’e .seen. 


Mkro-inci,.eration of the apical .seaiAS .shoAved that the depo.sits of .silica 
were alAvays present Avith the carbon and in cozTo.spozzding amounts, except for 
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a few cases in which the silicious matter was greater than the corresponding 
carbon and vice versa (Figs. 5, 6, 7, and 8). Also as far as the lungs were 
concerned, the silicious material was found to be more or less uniform through- 
out, although there was a moderate increase in the silica grade in the upper 




0 Consecutive section to Fig. 5, incinerated, showing diffuse and local collections of 

silicious deposits in precisely the same locations as the carbon deposits (dark field, X^ 2 ). 

lobes. In a few apical sears and in many lungs and hUus lymph nodes the 
intensity of silica was quite comparable to that seen in microscopic sections 
from silicotic lungs. In these cases there were seen in the stained section areas 
of fibrosis characterized by circumscribed hyalinized areas which appeared to 
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be identical with silicotic nodules. They contained the finely distributed car- 
bon sprinkling commonly seen in silicotic nodules. Incineration of these le.sions 
revealed that^they contained the silica ash pattern appearing very similar to 
those foiuid in known silicotic nodules. In some of the better incinerated 




Fi(j. 8. — Consecutive incinerated section to Fi?. 7 (dark fleld. XI8). 

sections of apical .scars there was noted the ash pattern of the scar and ir 
the background iippeared a faint a.sh network which somewhat re.sembled th( 
iirc utecture of lung tissue and which merged with the a.sh pattern of the nor 
mal adjacent lung. This ash pattern seen in the background of the fibrotit 
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areas was no doubt the luii<>- tliut previously had occupied tiic area aiul -wivieh 
was replaced by collagenous connective tissue. 

The findings of this study are given in seven different tables. Table I 
summarizes the number of cases of apical sears in both sexes and their relation 
to the age of the patients and to the amount of anthracosis in their lungs. 
There was no anthracosis in the first decade of life; anthracosis grade 1 began 
in tlie second decade, with a maximal number of eases in the seventh decade; 
anthracosis grade 2 began in the third decade, with a maximum in the sixth 
decade ; anthracosis grade 3 began in the fifth decade, with a maximum iii the 
seventh decade ; and anthracosis grade 4 occurred only in tlie seventh deeade. 
Of the 133 eases of apical sears (6G.5 per cent) the least munber occurred in 
the third and ninth decades, and the greatest number in the seventh deeade. 
Cases of apical scarring did not occur during the first two decades. Finally, 
it is noted that the degree of anthi-acosis increased with the age and the num- 
her of eases of apical sears increased with age as the grade of anthraeosi.s 
increased, this being true up to the higher decades of life, at which point the 
number decreased. 

Table 1 


OiuDE OP Antueacosis and Occouuekce of Ai'icai, Scabs by Age op Patient.s, Both Sexes 


AOE (YK.) 

CASES 

GRADE OP ANTHRACOSIS 


0 


2 

3 

-1 

CASE.S 

PER CENT 


' 2 w*' 

o 



0 

0 

0 



10 

3 

7 


0 

0 

0 



10 

0 

9 

1 

0 

0 

6 

co.o 


14 

0 

13 

1 

0 

0 

8 

57.0 

-lO-iO 

2S 

0 


7 

1 

0 

IS 

C4.0 

TiO-SO 

40 

0 

30 

14 

o 

0 

35 

76.0 

GO-GO 

5*t 

0 

40 

S 

•i 

o 

39 

72.0 

70-79 

25 

0 

15 

S 

O 

0 

21 

S4.0 

So suid more 

It 

0 

7 

3 

1 

0 

0 

54.0 

'I’otal 

200 

5 

141 

42 

10 

2 

133 

06.5 


Table H 


Average Age of Patients and Occurence op Apical Scabs bv Grade op Antiibacosis 


GRADE OP 
ANTH1U.COSIS 

I SEX 1 

TOTAL 

CASES 

AVERAGE 
AGE (YB.) 

[ APICAL SCABS 

i MALE 

FEMALE 

CASES ] 

1 PER CENT 

0 

2 

3 

5 

S.6 

0 


1 

81 

GO 

141 

54.5 1 

89 

63.1 

2 

35 1 

7 

42 

oS.o 

34 


3 

10 



65.0 

8 


4 

2 


2 

66.5 ' 

2 


Total 

130 

1 70 1 


i 

133 

1 66.5 


While Table I reveals the relationship of apical sears and anthracosis to 
the various age groups, a much better relation is obtained by studying Table 
II, which shows the relationship of anthracosis and apical scars to the average 
age. Here it is noted that the majority of cases are anthracosis grade 1, and 
that the number of cases decreases as the grade of anthracosis increases beyond 
"•rade 1, but that the average age of the patients increases. The percentage of 
apical scars increases with the average age and with the grade of anthracosis. 

Thus far, the discussion has been concerned mostly with anthracosis. The 
reason for this will be obvious when Table HI is studied. This table, con- 
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sti-uctecl exactly like Table II, shows the relationship of apical sears to the 
average age and to the total deposits of silica in the lungs, as estimated by 
microdneinerafion. Here it is noted that of the 200 eases studied, 157 reveal 
silica grade 1 in the lungs, while a decreasing number of cases reveal silica, 
grades 2, 3, and 4, respectively. Ten eases reveal no silica at all, and the 
average age of this group is 24 years. Of the cases of silica grade 1, the average 
age is 54.3 years. Of the grades of silica higher than 1, the average age in- 
creases for each silica grade group, except grade 4, while the total number of 
cases for each silica grade decreases beyond the peak of silica grade 1. As 
concerns the apical scars, here again it is noted that the percentage of apical 
scars increases with age as the total content of silica of the lungs increases. 
After studying Tables II and III, one is struck by the close parallelism of the 
gross antliracotic grade with the microscopic total silica grade with respect to 
the total number of cases, the average age, and the percentage of apical sears. 
Thus far, the study seems to verify the findings of previous workers, namely, 
that silica deposits occur in conjunction with antliracotic deposits, and in roughly 
corre.sponding amounts. In addition, the findings suggest that the amount of 
anthraco.sis determined by gross examination of the lungs is a fairly good index 
to the total amount of silieions material present in the same lungs. 

Table HI 


Average Age of P.atients and Occorrence op Apical Scars by Gr.\de op Total Silic.v in 
Lungs as Estimated bt AIicro-incineratiox 


OSADS OP 

total silica 

ses 1 

TOTAL 

CASES 

AVERAGE 
AGE (VB.) 

1 APICAL SCARS 

HALE 

FEMALE 

1 C-VSES 

1 PER CE:3T 

0 

1 6 

4 

10 ■ 

I 24.0 

2 

20.0 

1 

9o 

63 

157 

54.3 

104 

66.2 

2 

25 

4 

29 

64.3 

23 

79.3 


3 1 

0 

3 

69.6 j 

3 

100.0 

4 ' 

1 

0 

1 

68.0 1 

1 

100.0 

Total 

130 

1 70 

200 


133 

66.0 


What has been said concerns the apical sear and its relation to the silica 
<leposits in the lungs. How what about the relation of this lesion to the silica 
deposits in the sear itself, and the relation of the latter to the silica deposits in 
tile respective lungs and hiliis Ijmiph nodes? It is noted in Table IV that as the 
thickness of the apical sear increases, the total content of silica in the apical 
scars and their respective lungs and hilus nodes tends to increase. This is much 
more evident in the male sex. 

Of the 133 cases of apical sears, it was of interest to note that in only four 
cases (3.0 per cent) and possibly in onlj^ 3 cases, was there no evidence of tuber- 
culosis in the lungs or hilus Ijmiph nodes. In other words, in 129 eases of apical 
■scai-s (97.0 per cent) there were signs of tuberculosis in either the lung or the 
hilus lymph nodes. Of the 4 nontubercnlous patients, 2 were men and 2 were 
ivomen. One patient was a 73-year-old man with a veiy thick apical sear and a 
correspondingly high shiea content in the scar, lung, and hilus nodes, while the 
other 3 cases were in young pei-sous (ages 24, 30, and 32 j*ears) with correspond- 
ingly low sihea determinations. Vliiie it is possible for an old man not to have 
evidence of healed pulmonary tuberculosis, it must he stated that this was the 
only case in which roentgenologic examination of the lungs for calcium deposits 
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was not made. Hence the previous statement that possiblj" in only 3 cases was 
thei-e no evidence of tuhereulosis in the lungs or hiliis nodes is probably correct. 

Table IV 


Apical Sc.\rs With Eel.vtios to Theik Silica Content 


SEX 

grade of 

CASES 

TOTAL SILICA, AVERAGE GRADE ON BASIS Of 1 TO 4 


SCAR 

LU.NQ 

HILUS NODE 

Hale 

1 

17 

1.4 

1.3 

90 


2 

26 

1.7 1 

1.3 

2.4 


3 

W 

2.1 1 

1.0 1 

2.0 



5 

2.0 _ , 

. _ 1-2 1 

2 2 

Female 

1 i 

28 


mHirn jumii 

2.3 


2 

12 



2.3 


3 

4 



2.3 


•i 

1 

1.0 

0.7 

j 2.0 

Total 


133 





Of the 67 eases ivithout apical seal’s, there was evidence of tuberculosis in 
the lungs or hilus nodes in 48 (72 per cent) (Table V). The average total con- 
tent of silica in the lungs and hilus nodes of the men without apical sears, but 
with evidence of tuberculosis, is found to be somewhat less than for the men with 
apical scars. As to the female sex, the corresponding silica determinations are 
considerably less than for those females having apical seal’s. 

Table V 

Patients With No Apical Scabs With Tuberculosis Present in Lungs or Hilus Nodes 


SEX 

CASES 

AGE, YEARS 

TOTAL SILICA, 

average grade 

MEAN 

YOUNGEST 1 

OLDEST 

LUNG 1 

1 hilus NODE 

Male 1 

Female 1 

36 

12 

54.5 

48.3 

20 

11 

97 

83 

1.2 

0.8 

2.2 

hS 


Table VI summarizes the remaining 19 ca.ses, in which there were no apieal 
scars and no evidence of tuberculosis in the lungs or hilus nodes. In general, the 
patients without evidence of tuberculosis were those in the lower average age 
groups, and the average total silica Avas also correspondingly low. On the other 
hand, the patients that did reveal tuberculosis were in the higher average age 
groups, and the total content of silica was higher. In nearly all instances the 
silica content of male patients was somewhat higher than that of female patients. 


Table VI 

Patients With No Apical Scabs With No Tuberculosis Present in I..ungs or Hilus Nodes 


1 

i 


AGE, YEARS 

1 

TOTAL SILICA, 

SEX j 

CASES j 



1 

AVERAGE GRADE 

1 

1 

MEAK 1 

1 YOUNGEST : 

1 OLDEST 

1 LUNG 

1 HILUS NODE 



34.1 

11 

68 

0.6 

1.2 



1 40.8 

2 

76 

0.7 

1.1 


111 passing, a word might be mentioned eoneerning the general incidence of 
healed tuberculosis in the 200 cases studied. In 96 cases evidences of healed 
tuberculosis were found in the lungs by gross dissection. Squire, by post- 
mortem roentgenologic examination of the lungs, found 28 more cases. Two 
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cases were found liy iiiieroseopic exaininjilion. Tlii.s Uuike.s u total of 126 cases 
in which evidences of Iiealed tuberculosis were found in tlie lungs. In the hilus 
nodes 127 eases were founcl l)y gros.s dis-sectioii. Sfiuire found 38 more cases bj 
roentgenologic examination, making a total of 165 cases in which evidences of 
healed tuberculosis were found in the hilus nodes. Thus, according to this survey 
of 200 eases, the incidence of healed tuberculosis is 177 cases, or 88.5 per cent. 

“Silicotic” or “Dust” Nodules in Apical Scars . — It was previously .stated 
that le.sions were found in the lungs or hilus nodes that resembled silicotic nodules 
and which, upon micro-incineration, revealed the ash patterns of silicotic nodules. 
In 7 of 133 eases of apical seals, there was an ash pattern eomparable to that of 
knmvn silicotic nodules (Figs. 7 and 8). Thus, the incidence of apical scars 
that can be .said to be •‘specific silicotic’' or ‘'dust .seai-s” is 5.3 per cent. Table 
YII summarizes these eases. It is noted that in 5 eases the patients were men 
and in 2 eases they were women, the average age for all being 69 years. The 
average grade of the apical sears is 2-f-, and the total silica grade in each sear 
and hilus node is high, while the silica content of the lung varies. However, note 
that there is a fairly close correlation lietween the silica content of the apical 
seals and the silica content of the hilus nodes. 


T.vble VII 

P.vriEXTS With .Silicotic Xodvles ix Apic.vl Sc.uis 


SEX 

AGE 

(YK.) 

OCCUPATION 

GRADE or 

APICAL 

SCAR 

TOT. 

SC.VR 

iL SILICA, GP 

LUNG 

ADE 

NODE 

MM 


.Street car conductor 

3 

4.0 

3.0 




Civil engineer 

Ox 

2.0 

1.0 




Farmer 

4 

3.0 

3.0 




Auto trimmer 

1 

3.0 

2.0 




Miller 

0 

3.0 

1.5 


F 


Housewife 

2 

3.0 

1.0 




Housewife 

2 

3.0 

1.5 


Averiij'e 

()9 


2^ 

3.0 

1.9 

3.0 


“Specific Tuberculous” Apical Scars . — In 4 of the 133 cases of apical .seals, 
there were giant cells, in one ease there were tubercles, and in 12 ea.ses there 
were calcium deposits in the scars themselves. This makes a total of 17 eases of 
“tuberculous” apical sears (12.8 per cent). In these 17 eases the average age of 
the patients was 60 years, and the average apical scarring was grade 2~. How- 
ever, the average silica content of the scar, lung, and hilus node was 1.5, 1.2, and 
2.3, respectively, an amount considerably lower than the corresponding average 
silica content in the “specific silicotic’’ apical scai-s. 

Since 5.3 per cent of the apical .sears are “silicotic” and 12.8 per cent are 
••tuberculous,'’ the total number of ‘-.specific apical sears” is IS.l per cent. 
What of the apical .seai-s making up the lemaining 81.9 per cent? These apical 
.scars are the “nonspecific seai-s," characterized by a more or le.ss hyalinized 
fibrosis of variable thiekne.ss, all of which contain some silicious depokt.s, and 
all of which, with the e.xception of 3 or possibly 4 cases, are a.ssociated with healed 
tuberculosis, either in the lungs or hilus lymph nodes or both. 

Incidence of the Silicotic Nodule in the Non.silicotic Lunej.—By microinein- 
eratioii the a.sh pattern of the silicotic nodule was found to be present in 21 eases 
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Seventeen patients were male and 4 were i'emale with an average age of 68.4 
years. The silicotic ash pattern was found in 7 apical scais, in 5 lungs, and in 
17 hilus nodes. The finding of the lesion in both the apical sear and the hilus 
node ill the siuue subject occurred in 2 cases, while the presence of the lesion hi 
tlie apical sear, in the lung, and in tlie hilus node in the same subject oceurred 
in 3 cases. The local silica value for all these lesions was high, while the total 
silica content was relatively high in the respective lungs and hilus nodes. Even 
the average silica content for all 21 cases was seen to be higher than that found 
in the great majority of the 200 cases studied. Therefore, on the basis of this 
study of 200 cases, the incidence of the silicotic nodule in the nonsilicotic lung is 
10.5 per cent. In general, the nodules were considerably smaller than the silicotic 
nodules seen in advanced cases of silicosis. Of all tlie cases studied, there were 
none in which the occupation of the patient was predi.sposed to silicosis; yet there 
Avere 21 cases in all of ivliich one or more silicotic nodules were observed. There 
was little difficulty in distinguishing between healed tuberculous nodides and 
the nodules due to silica deposits when the method of mieroincineration ivas em- 
ployed. In a few lungs not included in the series of 21 cases, early stages of 
formation of silicotic nodules were seen in the fibrous capsule of liealed tuber- 
culous nodules. It is known that carbon tends to collect around the fibrous walls 
of such lesions, and in these cases enough silieious material ivas present, as shonii 
by micro-incineration, to produce the early stages of formation of silicotic 
nodules. 

Considering all cases examined, this study demonstrates that silica deposits 
are present in normal lungs along with carbon deposits and are coextensive with 
them. Moreover, the deposits occur in localized regions in quantities comparable 
Avith those obtained in cases of diffuse silicosis. Therefore, all poisons are ex- 
posed to a common source of dust particles. According to Policard and DoubroAV, 
the source might be the smoke from domestic and industrial furnaces, since a 
high percentage of coal ash is silica. Jepheott*" quoted figures published by the 
Chicago Board of Health in 1931, estimating tliat 134 tons of silieious matter 
fall per month per square mile. This suggests that all city dAvellers during their 
lifetime inhale appreciable amounts of silica. It is also notcAvorthy that Camp- 
belP^ found 44 per cent of silica in the dust from tarred roads. 

COMMENT 

By comparing the silica content of the upper lobes Avith that of the loAver 
lobes it Avas found that in nearly every case the intensity of carbon and silica 
accumulations Avas less in the loAver than in the upper lobes. This tendency 
might be explained by the relatii'e immobility of the apex, as compared Avith the 
greater mobility of the loAver lobe, so that particles once inhaled tend to lodge 
in the apical region, Avhile the better ventilation of the rest of the lung tends to 
favor the removal either by the bronchi or by the lymphatic drainage. Thus, 
since silieious material tends to collect in the apical region, it is probable that 
the tendency for scars to occur at the apex is linked to some degree Avith such 
dust deposits. This is stated Avith reserve, because it is quite Avejl knoAvn that 
accumulations of silica occur in regions of fibrosis, regardless of cause. Although 
the average total silica determined in all the “specific tuberculous” apical scai-s 
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is lower than that of the “specific silicotic” scars, there are individual instances 
in which the silica value is comiiarable to the dust accumulations found in other 
apical scars. 

CONCLUSIONS 

1. Anthracotic and silicious dust deposits in the lung tissue increase -with 
age, and the grade of anthracosis in a given lung is a rough index to the relative 
amount of silica deposits present in the same lung, since silica deposits occur in 
conjunction ■with anthracotic deposits and in corresponding amounts. 

2. The average total content of silica in the lungs of the male is higher than 
that of the female. 

3. The percentage of eases of apical scars increases with age and ■with the 
grade of the total silica content of the lung. 

4. Of the cases of apical scars 97.0 per cent reveal evidence of healed tuber- 
culosis elsewhere in the lung or hilus Ijunph nodes. 

5. The average total content of silica in lungs possessing apical scars is 
higher than in those lungs that do not have apical scars. 

6. On the basis of 200 cases the incidence of healed tuberculosis in the lung^ 
is 88.5 per cent, 

7. On the basis of 133 cases of apical sears the incidence of “specific sili- 
cotic” apical sears is 5.3 per cent, and the silica content in these specific cases 
is relatively high. 

8. On the same basis the incidence of the “specific tuberculous” apical seal’s 
is 12.8 per cent, and the average silica content in these cases is considerably 
lower as compared to the “specific silicotic” scars. 

9. The incidence of the silicotic nodule in the nonsilicotic lung is 10.5 per 
cent. 
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FOOD EEilNANTS AS A CAUSE OP CONFUSION IN THE 
DIAGNOSIS OP INTESTINAL PARASITES^ 


Nadkxe Dexisox, SI.S., New Orleaxs, La. 


IXTRODECTIOX 

O NE of the everyday probleiii.s of the dia"iiostieian in the clinical parasitologj' 
lahoratoiy is the differentiation of helminth eggs and protozoan cysts of 
pathogenic parasites of the intestine, not only from nonpathogenie species and 
free living organisms, but from various remnants of foods present in feces. 
The latter, due to their size and general appearance, are often confused Avith 
parasites. The object of this study was to find out experimentally what foods 
.are responsible for some of the i-emains so frequently confused with intestinal 
parasites. 

As early as 1717 van Leeuwenhoek, in examining human exudates, was 
able to demonstrate that the remains of foods eaten could be recognized in 
fecal material. The studies initiated by the idea that diseases could be diag- 
nosed by crystals in excreta and the interest ai’oused in the physiology of 
digestion in the late ninetenth century led to several Avorks on the composition 
of the feces. An early Avorker in this field, RaAvitz ( 1845 ), classified the residual 
particles in feces as animal residiie, plant residue, single cells, and foreign 
bodies, but his meaning, particularly in regard to the identity of the “single 
cells” and “foreig-n bodies,” is not clear. Chiefly concerned Avith the normal 
and faulty digestion of foods, much of the Avork since 1899 has been based upon 
an extensh'e monograph by H. L. Q. van Ledden Iliilsebosch, who discussed the 
macroscopic and mieroseopic structures of numerous plant foods. An excellent 
summary of the knoAvledge of fecal constituents Avas given in 1914 by Cam- 
midge, AA'ho recognized the difficulties of gro.ss parasitologic diagnosis, espe- 
cially of the smaller nematodes and tapcAvorm proglottids, with AAdiieh numer- 
ous fibers are easily confused upon maero.seopie examination. Some anomalies 
found in microscopic fecal examinations Avere reported by Faust from China 
in 1924 . Struetirres Avhieh he listed as confusing to the parasitologist Avere 
physical artifacts, contaminations, partially dige.s.ted animal and plant cells, 
animals introduced by accident, harmless coprozoites, and body cells or tissues 
produced by noninfective agencies. 

EXPERIAIEXT.VL DATA 

In order to secure a point of departure for the study of the origin of some 
of the confusing remains, it Avas deemed advisable to find out Avhieh of the 
more common foods Avere mo.st likely to leaA*e particulate remains resembling 

^rom tlie Department of Tropical Medicine. Tuiane University of Louisiana, Xew Orieans, 
La. 
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inte.stinal para.sitc.s in huiiiaii fec-e.s. These uiulige.sted or partially undigested 
food remnants found in feees are difficult, if not at times almost impo.ssible, 
of identification. However, by becoming acquainted with the structural ele- 
ments of any given food before it wa.s eaten, it was pos.sibie to determine its 
more characteristic residues. To do this a basic nonresidue diet was used, and 
for the checking of each individual food studied, a controlled diet rsa.s takeir. 
For the remainder of the work hospital patients were used; these patients neie 
on ideirtical diets and their digestion was for all purposes apparently normal. 

The basic diet consisted of strained vegetable and fruit juices, ground 
cooked meat, mashed Irish potatoe.s, milk, coft’ee, and white bi’ead. feince 
cellular structure was alisent in the liquids, was destroyed by cooking the 
bread and potatoes, or was easily recognized, as in the case of the meat, this 
diet served the puipose well. A small quantit 3 ’' of each food to he studied was 
obtained in the form in which it was to be served, and was teased apart in 
saline to separate the various structural elements. Drawings were made of 
these cells at an average magnification of x.540. Stools passed twelve to fifteen 
hours after the food was eaten were examined for remains of fibers and other 
structures. These remains wei-e studied, and .sketches were made of their char- 
acteristic appearance. In both cases the material was .studied un.stained as 
well as stained with D ’Antoni’s iodine. 

Animal Foods . — Such animal products as milk, cheese, cu.stard.s, gelatin, 
and cooked eggs may be classified as nonresidue foods, except when eaten in 
exee.ssively large amounts, such as milk in the dietary of infants. Of the 
animal ti-ssues studied, as liver and mmscle, only the muscle retained a clo.se 
resemblance to its original stincture, and fecal remnants of muscle fibers could 
be recognized as such without difficult}'. Of the sea foods, crab meat main- 
tained the characteristic structure of arthropod muscle fibers, but oj'.sters and 
most fish left little residue. 

Plant Foods.— Undigested plant foods in the form of single cells left the 
most confusing residues and those mo.st likelj' to be mistaken for the eggs or 
cysts of para.sites. A variety of common vegetable foods was studied, including 
representative grains eaten as cereals or in breads, fruits both fresh and dried, 
leafy vegetables, roots, and some leguminous seeds. 

Fragments of whole vegetable ti.ssue.s were not difficult to recognize as 
such, for their characteristic cellular arrangements obviate confusion with 
animal parasites. Bits of the husk of oats and whole corn were often observed 
to be almost undigested, as well as large pieces of leaf or epidermal tissues and 
aggregates of fibers from fibrova.scular bundles. 


Single epidermal cells separated from their tissue did, in a few cases, 
resemble eggs or cysts, but their heavy cellulose walls and complete lack of 
internal organization wei-e diagno.stic of their plant origin. IMoi'e confusing 
were epidermal gland cells or epidermal hairs which, separated from the re'"- 
maindcr of the tissue, respectively, re.sembled tapeworm eggs and small nema- 
tode larvae. Palisade cells, particularly from beans or pea.s, serve as diagnostic 
landmarks not only for the type of vegetable but also for the particular kinds 
ot legumes, since they are characteristic for each plant, but they are easily 
diftercntiated from pai-asitcs on the basis of their thick walls and lack of in 
tcrnal .structure. 
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Plate I — ^Plates I. 11 and III represent the cliara cteristic struotmo.; 
food, together with their remnants commonly found in feces. The wlmle feodo prepared 

ward and to the right, remnants are belou- and to the left of Wch mru?e 
muscle; 2, corned beef muscle; 3, pork muscle; 4, crab meatr? oySer- fi ''' 

7, Wheat ; 8, oats ; 9, whole kernel corn. ' ' b, nsh muscle; 

A, aiusele fibers; B. elastic fibers; C, parenchyma cells; D, starch - B. frairir.»„t= t , 

B, aleurone grains; G, epidermal cells; BT, stoae cells; /, tube cells- j, bast flhSs- 
vascular bundles; L, "skin” of seed; 31, epidermis with gland cell (p) and stomata 
palisade cells. < ^ 
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The smallei- particles from iibrovascular bundles are the characteristic 
lignated spirals and tubes, even fragments of which could be rarely eA er con- 
fused with animal cells. Bast fibers, on the other hand, elongate lignated 
elements of the fibrovascular bundles, frequently simulate nematode laivae, 
the criterion of differentiation here again being the very thick walls and lack 
of internal structure in the plant cell. Stone cells, particularly of fruits, 
appeared frequently in feces; their shape and size at times closely resembled 
the eggs and cysts of parasites. Parenchyma cells were the most common of 
all cell types found singly, and, because of their shape and the pre.sence of 
cytoplasm, might easily be confused with parasites. Because of the protection 
from digestion afforded by their cellulose walls, the remaining abundant cyto- 
plasm allows the parenchyma cells of leafy vegetables, roots, and legumes to 
resemble helminth eggs, except for the lack of cellular organization or embry- 
onic membranes. Parenchyma cells of bananas which frequently remain at- 
tached end-to-end have the appearance of minute tapeworm segments, but they 
lack internal organization or cuticular structures. 

Starch granules observed in this .study were for the most part destroyed 
by cooking; hence they were infrequently characteristic either in their staining 
reaction to iodine or in their structural appearance. Alenrone granules from 
grains often appeared much like minute protozoan cysts and might be very 
confusing unless closely studied. 

Plates I, II, and III portray the characteristic appearance of the individual 
food elements studied both before and after digestion. 

DISCUSSION 

Foods ready to he served and the remnants occurring in feces have been 
studied from individuals whose digestive processes were apparently normal. 
Animal foods left no detritus that might cause any confusion in parasitologic 
diagnosis, but vegetables present a wide variety of remains, especially single- 
celled elements which closely simulate parasitic cysts or eggs. Fairly large, 
heavy-walled cells with shrunken cytoplasm, occurring as fecal remains and 
simulating helminth eggs, are usually derived from potatoes, leguminous seeds, 
such as peas and beans, or occasionally from various greens. Smaller cells and 
alenrone granules may simulate minute protozoan cysts. 

It is not particularly difficult to determine into which general groups of 
plant foods fecal remnants may be cla.ssified, for as a rule some tissue frag- 
ments as well as single cells will occur, and a tentative diagnosis can be made 
from a consideration of the collective residues as to the foods eaten. Since 
such tissue fragments, because of their group organization, are not eonfusiiio- 
it is the undigested cells found in feces that are difficult to diagnose. Howeveri 
their structure or their lack of structural organization .should obviate errors 
ill parasitic diagnosis, for, unlike protozoan cysts or helminth eggs, these cells 
are irregular in shape and size, their cytoplasm is .shrunken, they rarely have 
luielei, and they lack the internal order common in animals. Thus, even thoii«-h 
a niimlier of foods after appai’cntly normal digestion have residues which 

might he confused with parasites, sufficient .structures are loft to nreveiit tliso- 
nostie mistakes. 
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SUMMARY 

1. An experimental study ivas conducted to ascertain wliieh of the more 
common foods leave remnants in the feces which might be confused ivith in- 
testinal parasites or their products. 

2. A controlled nonresidue diet was used, to which various foods were 
added one at a time to allow study of the cliaraeteristic remnants of each food. 

3. Foods which had no residue of any importance at all were animal prod- 
ucts, such as milk, cheese, and eggs, and sea foods, such as oysters. 

4. Animal foods which had residues were muscular fibers and liver, hut 
their residues occurring in feces have no structures which could possibly be 
confused with parasites. 

5. Remnants from plant foods included pieces of plant tissue, which should 
not lead to confusion, and single undigested cells, which might cause confusion. 
Of these, single parenchyma cells of leafy vegetables, roots, and legumes, 
epidermal gland cells, epidermal hairs, bast fibers, and aleurone giunules are 
the most common elements likely to be mistaken for parasites. 

6. Though many foods have confusing residues in the feces, there are sufii- 
eient ditfereuces in structure, including their inconstancy of size and shape, 
their irregular walls, their lack of nuclei and internal organization, to provide 
differential diagnosis. 

I wish to acknowledge witli gratitude the kindly council and guidance of Professor Ernest 
Carroll Faust. 
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THE PATHOLOGIC TISSUE CHANGES PKODUCED BY SULPATHIA- 
ZOLE AND SULPATHIAZOLINE IN RABBITS^ 


JoHX A. Kolmer, M.D,, Philadelphia, Pa. 


With the Technic.vl Assist.amce of Ann.a il. Rule and Loraine Groskin 


A S SHOWN by Rake, Van Dylce and Corwin, ^ the toxicity of sulfathiazole 
and siilfapyridine, including the pathologic tissue changes produced by 
oral administration, varies in mice, rats, and monkeys. Thus sulfathiazole was 
found more toxic for mice than sulfapyridine with the production of more 
pronounced tissue changes in the spleen and kidnej'S. In rats, however, sulfa- 
pyridine was found more toxic than sulfathiazole, Avith the production of more 
marked lesions in the kidneys. The most pronounced pathologic tissue changes 
produced by both compounds ivere observed in the kidneys due to the deposi- 
tion of crystals in the collecting tubules with the production of uroliths re- 
sulting in obstruction associated in some instances Avith necrosis of the tubular 
epithelium. The spleen probably ranked next in histologic injuiy, largely 
confined to the germinal centers of the Malpighian coi-puscles with hyper- 
plastic changes sometimes associated Avith pyknosis of the sur-rounding lympho- 
blastic cells and their ultimate disappearance. The liver Avas less frequently 
involved, Avith the production of cloudy SAvelling sometimes associated Avith 
fatty infiltration and hyaline necrosis, Avhile the lungs, brain, and meninges 
have uniformly shoAvn no gross or microscopic evidences of injury. 

In vicAV of the importance of including gross and microscopic examinations 
of the organs in connection Avith studies bearing upon the toxicity of chemo- 
therapeutic compounds, Ave have thought it advisable to determine the ehemo- 
pathologie effects of sulfathiazole in rabbits by oral administration of the 
compounds; also of 2-sulfanilyl-3-5 dihydrothiazole (sulfatliiazoline), a ncAV 
thiazole compound synthesized by Raiziss and Clemence,- and reported by 
Eaiziss, Severac, and iloetsch^ as being of Ioav toxicity for mice, rabbits, and 
dogs Avith therapeutic effects about the same as sulfathiazole in the treatment 
of experimental types 11 and HI pneumococcal infections of mice and superior 
to sulfathiazole in the treatment of experimental staphylococcal infections of 
mice. 

EXPERISIENTAL 

Normal adult rabbits Avere employed. In order to insure accurate dosage 
each compound Avas administered orally in capsules tAvice daily (10-00 am 
an^OO p.M.) in doses of 0.050, 0.100, and 0.200 Gm. per kilogram of weight’ 

•From tlie Research Institute of Cutaneous Medicine. Philadelphia. 
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some loss of wcijiltt in tlio ruse of llie 8 animals n-c-eiving the lai-gesl doses of 
both eompoiiiuls. 

Ojic week after the last dose all animals were saeritieed with niaeroseopie 


examination of the kidneys, liver, spleen, brain, spinal eord, and meninges. 
. Sections were also prepared of these organs and subjected to niieroseopie 
examination. 


KKSULTS 


The re.sults are summarized in Tables t and If. It will be observed that 
neither compound in dose of 0.05 Um. per kilogram twice daily showed any 
gro.s.s or microscopic 'evidences of injury of the organs studied. Both, however, 
have shown evidences of injury of the kidneys, liver, and spleen in dose of 0.1 
Om. j)er kilogram twice daily in the ease of .some animals which \vere more 
frequent, and sometimes more pronounced in tho.se given 0.2 G'm. per kilogram 
twice daily. No gross or nucro.scopic evidences of injury were found in the 
meninges, brain, and spinal cords of any of the animals, including those receiv- 
ing the largest amounts of both compounds. 

The usual changes in the Indney.s con.si,sted of slight enlargement with 
hyperemia due to dilat'ation of the convoluted or collecting tubules sometimes 
associated Avith tubular necrosis, cellular casts, and occasionally blood in the 
cap.sules of Bowman. The latter changes w'ere found only in rabbits receiving 
the largest doses of both compounds. 

The spleen Avas next in the frequency of tissue injury, and especially in 
the ease of those animals receiving the large.st amounts of both compounds. 
When involved, it Avas slightly enlarged and hyperemic, usually showing upon 
microscopic examination .some hyperpla.sia of the germinal centers of the 
Malpighian corpmscles occasionally a.s.sociated AA’ith congestion and Avith pyknosis 
of the surrounding lymphoblastic cells. 

Both compounds in dose of 0.1 Gm. per kilogram tAvice daily shoAved only 
occasionally a slight cloudy SAvelling of the lobules of the liver. In the case of 
animals given 0.2 Gm. per kilogram tAvice daily, hoAvever, the degree of cloudy 
SAvelling Avas more pronounced, sometimes associated Avith fatty infiltration 
and slight necrosis of the peripheral cells of the lobules. There Avere no evi- 
dences, hoAvever, of injury or obstruction of the biliary ducts. 

Like sulfapyridine, it Avould appear, therefore, that the main injm-y from 
sulfathiazole and sulfathiazoline is to be found in the kidneys, mainly due to 
obstruction of the tubules by crystals of the acetylated compounds. This may 
result in hydronephrosis, Avith enlargement of the organs Avhieh may progress 
in some instances to tubular necrosis. 

Insofar as comparative re.sults of the tAvo compounds are concerned, it 
would appear that both are of extremely Ioav toxicity for rabbits by oral "ad- 
ministration and of almut eriual toxicity insofar as injury of the kidneys, liver, 
and spleen are concerned. As previou.sly stated, neither compound .showed 
any clinical, macro.seopic, or microscopic evidences of injury of the central 
nervous system, 

SUAIJtARY 


1. Both sulfathiazole and sulfathiazoline are of Ioav toxicitv for rabbits bv 
oral adnunistration. Doses of 0.05, 0.1, and 0.2 Gm. per kilognun twice dailV 
lor ten days m succe.ssion (20 doses) Avere Avell borne Avith no fatalities. 
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2. Neither compoiiucl showed any macroscopic or microscopic evidences of 
injuiy of the meninges, brain, or spinal cord, 

3. In dose of 0.05 Gm. per kilogram twice dailj for 20 doses neither com- 
povmd showed any gross or microscopic injuries of the kidneys, livei*, or spleen. 

4. Botli eompoiiuds in dose of 0,1 and 0.2 Gm. per kilogx'ara twice daily for 
20 doses showed injiuy of the kidneys largely due to obstruction of the tubules 
by crystals of aeetylated compounds, sometimes associated with tubular necrosis. 
These Avei*e the most frequent lesions observed. Both eompunds were about the 
same in their production. 

5. Both compounds in dose of 0.1 and 0.2 Gm. per kilogram twice daily 
for 20 doses were about equal in the production of injury of the liver, usually 
expressed as cloudy swelling sometimes associated "with slight fatty degenera- 
tion and necrosis of the peidpheral cells of the lobules. 

6. Both compounds in dose of 0.1 and 0.2 Gm. per kilogram twice daily 
for 20 doses were about equal in the production of injury of the spleen, 
usually expressed by slightly hyperplastic changes in the germinal centers of 
the Malpighian corpuscles. 
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SULFANILAMIDE FOR THE TREATJIENT OF GONORRHEA 
OF THE ANAL CANAL 


Robert Tubell, M.D., New York, N. Y. 


With the Technical Assistance op Miriam Green 


I N A previous report^ I emphasized that sulfanilamide administered oraRy is 
effective in the treatment of anal gonorrhea in the absence of localized 
suppurations or poorly draining sinuses. The plan of treatment consisted of 
the administration of 1 Gm. of sulfanilamide every four hours for 24 to 30 
doses, whicli resulted in a concentration of from 6 to 11 mg. of free sulfanil- 
amide in each 100 c.e. of blood. Thereafter, the drug was reduced to from 3 
to 4 Ora. daily and was continued for a period of from four to five weeks. 
Berck,“ using smaller amounts of sulfanilamide, has also noted good results in 
the treatment of this lesion. 

The following case histories are illustrative of the effectiveness of sulfanil- 
amide* therapy for gonorrhea of the anal canal. 


Received for publication, July S, 1341- 
•Sulfathiazole or sulfadiazine is now 


preferred. 
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Case 1. — A 3i-ycar-old white woiniin was seen on March 22, 1938, with intermittent 
discomfort of the anus and occasional sharp pain on defecation. About three years before, 
she had received intensive treatment for genital gonorrhea. Proctologic examination now 
revealed a superficial fissure with a deep, reddened, infected, and edematous crypt of Jlorgagni 
on the posterior arc of the anal canal. Material obtained from the interior of the involved 
crypt with the aid of a bent platinum wire loop (which was inserted through small anal 
speculum) revealed numerous leucocytes and gram-negative intracellular diplococci resem- 
bling gonococci. The sedimentation time was above normal. Six grams of sulfanilamide 
were given daily by mouth for five days; 4 Gin. daily for the succeeding eleven days, and 
thereafter 3.3 Gm. daily for a period of over five w'eeks. Instrumental examination was 
avoided for a period of seventeen daj's. At the end of that time, as well as during sub- 
sequent re-examinations, no gram-negative intracellular diplococci w'ere observed. The pa- 
tient remained cured when last seen on May 12, 1939. 

Case 2. — A 30-year-old white woman had received an undetermined amount of sulfanila- 
mide by mouth (the exact amount of the drug taken could not be ascertained) and azo- 
sulfamide solution parenterally in June, 1937, for the treatment of genital gonorrhea. On 
Dec. 16, 1938, she had complained of sharp shooting pains in the muscles of the thighs and 
in various joints. The physical examination was normal, except for reddening, injection, 
and tenderness of the anal canal and lower rectum. Thin mucopurulent material obtained 
from an anteriorly situated inflamed crypt of Morgagni showed gram-negative intracellular 
diplococci. On Sept. 29, 1939, tenderness in the region of the right Bartholin gland was ob- 
served, which was relieved by external heat. On Jan. 15, 1940, the patient again com- 
plained of pain in the muscles of the left thigh; this persisted intermittently in spite of 
conservative therapy (hot hip baths, salicylates). Reexamination on May 1, 1940, showed 
injection of the anal canal. A Gram stain of the material obtained from the interior of an 
anteriorly situated crypt of Morgagni again revealed gram-negative intracellular diplococci 
and many leucocytes. Sulfanilamide therapy was begun on May 25, giving 4.5 6m. daily 
for the first four days, and 2 to 4 Gm. daily thereafter until a total of 50 6m. of sulfanil- 
amide had been taken. Ee-examination of the anal canal on June 14, and again on July 
22, showed a few leucocytes per field; no gram-negative intracellular diplococci were found. 
The patient has remained symptom-free to date. 

COMMENT 

These results show that sulfanilamide appears to be effeetive in the treat- 
ment of uncomplicated gonorrhea of the anal canal. The plan of sulfanilamide 
therapy employed has been found safe for the patient who is under daily medical 
supervision. 

Gonorrheal proctitis is “a disease one sees only if one looks for it” (Jullien- 
Martin) . It is realized that gonococci may remain alive and virulent for years 
in the anal structures,^ and that reinfection of the genital tract may occur from 
the anal foeus.*'^ Except for cases of pederasty, contamination in girls and 
women is believed to take place during the act of defecation, when a simultaneous 
expulsion of gonoeocci-laden discharge from the vagina and a normal eversion of 
the anal mucous membrane occur. Suitable biologic conditions for the inception 
and maintenance of gonorrheal infection are furnished by the transitional epi- 
thelium of the intermediate zone of the anal canal,” the anal duets, and the crypts 
of IMorgagni.^ The infection may spread to the deeper perianal and perirectal 
structures tlirough the anal ducts which lead to racemose multiglandular struc- 
tures located in the perianal tissues, and penetrate the sphincter muscles espe- 
cially the internal sphincter,”-” producing suppurations and subsequent fetulas 
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SUMJIARY 

SiOfanilamicle has been sncmssfuDr cmplo.ved iti the trentment of imcompli- 
cated gonorrhea of tlic anal c-aiial. 
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BACTERU'M (’OIJ ANABROdfi.XIW SEPTICEMIA® 


Report of a Ca-se ^Vith Recovery 


il, .Iacob Ffa.x, M.J)., axb Frederick AV. Shaw, AI.I). 
Rich.iio.y», Ahi. 


T he incidence of infectiott with Bacterium coli (inueroficiics is very small. 

and ohIa' a few cases of .septicemia pfochiced by this organism have been 
reported. Eembke' in 189(5 origitiaily dc.seribed thi.s organism which he re- 
covered from dog de.ieeta and named it B. coti anacrogenes. In 1900 Migula," 
in his Sgdem of Bacteriology, called it Bacterium lembkei. Apparently', the 
same organism was reported by Castellani' in 1907 as Bacillus ceytoiiensis; 
he recovered it in font- ca.ses of a febrile di.sea,se in (i’eylon. In two of these 
cases he obtained the ovgatusm by blood cuUttre. IVilsotd the next year iso- 
lated such an organism in six eases of c.v.stitis. Houstoir ijj 3906, and SAvan® 
in 1909, found similar bacteria in the stools of healthy persons. lit 190(5 
Dudgeon' isolated a pathogenic bacillus of this type frout the secretion of an 
enlarged prostate gland. Also in this year mnihn- orgaulsjus n-ere found hj' 
Gatheart® among the flora of '‘blowu” tins of preserved food. Xabarro'-' in 
1923 isolated from eases of epidemic and other foj-nis of diarrhea, which oe- 
eiUTecl mainly in children, a group of baeterio whicb he called B. coli anacro- 
genes. However, some of these strains were later shown by Keri'iiP'’ in 1928 

the Stuart Circle Hospital ana the Department of Bacterioios.v anti Parasitology, 
JCetlkal College of Virginia, RichmonA 
RecevYeti for publication, July IB, 
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to be identical cultnrally and serologically witli the B. drjscntcnae Sonne 
Bamforth” in 1923 eonchulecl in his studies that it was serologically related 
to some other memiiers of the eoli-dysentery group, but not to the Sonne 
organism. In 1939 Savino and eo-workcrs’- demonstrated tlie presence ot 
bacteria of the Coli unacrofjencs group in gray rats caught in Buenos Aires. 

The organism under discussion is known by several other names d'" 
Bacterium anaerofjenes chester, Bacillus belfastiensis, CasteUanus coli anaero-^ 
(jenes, EscJiericJim anacrofjencs, and Eberthelhi belfastiensis. Bacterium coli 
anaerogenes, according to Bergey,*'' is a small, nonmotile, gram-negative lod. 
On agar the growth is shnv, producing cireulai-, grayi.sh-w'hite, smooth colonies 
on plates, and a grayish-white streak on the slant. There is no licjuefaction 
in the gelatin stab; litmus milk is turned acid and coagulates; bioth is made 
turbid ; a brown growth is produced on potato, and indol is formed. Acid, but 
no gas, is observed in dextrose, levulose, arabinose, lactose, maltose, .sucrose, 
raffinose, mannitol, .sorbitol, and i.so.sorbitol ; no acid from inulin, .saliein, duleitol, 
glycerol, or adonitol. It is a facultative anaerobic, growing best at 37° C., 
and is found in the intestinal tract of man where it may produce .symptoms 
that resemble those of typhoid fever. Ford*" .stated that B. coli anaerogenes 
is virulent to guinea pigs : one cubic centimeter of a twenty-four-hour broth 
culture will produce enteritis, peritonitis, congestion of the liver and liing.s, 
and cloudy swelling of the kidneys. 


REPORT OF CASE 

A white woman, aged 47 years, was admitted to Stuart Circle Hospital with menstrual 
Weeding of three moaths’ duration. Pelvic examination revealed a large tumor, which 
filled the right side of the pelvis. A diagno.sis of multiple fibroids of the uterus wa.s sub- 
.stantiated at operation two days following admis.sion, but there was also found a large 
intraligamentous ovarian cyst of the niultiloeular type which filled the pelvis. The left 
ovary appeared normal. Both tubes were in a state of liydrosalpin.v. The surger3- under- 
taken consisted of a right oophorectomy, supravaginal In-.sterectomj', bilateral salpingectomj' 
and a prophjdactic appendectomj'; the abdomen was closed without drainage. The patient 
left the operating room in good condition. 

The postoperative course was marked In- considerable nausea and vomiting for which 
the patient received parenterall,v solutions of dextrose and normal saline. Abdominal disten- 
tion was relieved by a continuous suction apparatus attached to an inlj-ing duodenal tube 
and bj- the low gravitj- method of colonic irrigation. During the first postoperative day 
(beginning twentj'-four hours after operation) the temperature rose to 100° F. and on the 
second daj- it became suddenl.v elevated to lO.o.-P’ F. A severe chill was e.x'perienced, and 
the pulse rate reached 120 per minute. That night, and the following day, the temperature 
graduallj' came down to 100° F. On this, the third postoperative daj-, a transfusion of 
oOO c.c. of blood was given by the direct method. Blood was taken for a culture, and this 
was repeated the following morning. From both of these there was recovered a small, 
nonmotile, gram iicgativc rod, which could not be rcadih- identified. During the next two 
days the patient had repeated chills at which limes the temperature went as high as 104° F. 

.Siilfanilamide, lo grains every four hours, was started on the fifth postoperative dav. 
The night of the si.xth day the iiatient was suddenly stricken with an attack of dyspnea, 
chills, and a temperature of 105° F. She appeared e.vaiiotic; the heart action was acceler- 
ated, and the blood pressure increased from sx’.stolie 150 to 200 mm. Hg in less than an hour. 
The heart and lungs were found to be clear to au.scultatioii and percus.sion. .Since a pulmonarv 
embolus ^^als suspected, the patient was placed in an o.vygen tent. Her dyspnea was bene'- 
lited and l,er color roliiriicd to normal under o.xygen therapy and was maintained for two 
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days. However, the chills aad fever (uiaxinium 105° F.) continued despite all therapy. A 
pelvis pyelophlebitis was next considered as a possible cause of these sj-mptoms. Sulfa- 
tliiazole was then given orally instead of sulfanilamide, but this was also discontinued in 
thirty-six liours, after 120 grains were ingested without any demonstrable relief. Although 
some pneumonitis was seriously suspected, no definite lung iindings could be detected, ex- 
cept for a few Jiypostatic rales in both bases. A roentgenogram of the chest was not tshen. 
On the eighth daj' a second transfusion of 500 c.c. oi whole blood was given without any 
apparent improvement in the patient's condition. The next day a widespread herpes labialis 
became evidejit, and this caused the patient nineh diseomfon. The chills and fever (nuul- 
mum 103.5° F.) continued iritii varying intensity until the tliirteenth postoperative day. 
On the fourteenth day the stitches were removed, revealing a well-healed wound free of 
infection. The patient improved gradually under symptomatic treatment and was dis- 
charged as cured on the thirty-second day following her operation. 

Throughout the period of infection the leucocyte count remained relatively low, hc- 
tw'een 8,000 and 10,000 cells per cubic millimeter, and reached 14,700 cells per cubic milli- 
meter only once — on the tenth day. The hemoglobin on admission was 67 per cent (New- 
comer), and during the postoperative period it dropped to 45 per cent; it finally reached 
58 per cent before the patient left the hospital. The sedimentation index on the ninth 
postoperative day was 24 mm, in sixty minutes. The urine contained albnmin in varying 
amounts, from a f.iint trace to four plus on the eighth postoperative day; it linally became 
negative on the fifteenth day. Five day's following the patient’s discharge, a report was 
received from the Virginia State Board of Health, whicli stated that tlie organism isolated 
from the blood culture was classified as belonging to the para-colon group, culturally re- 
sembling Bacterium coli anaeropenes in that it failed to produce gas in certain carbohydrates. 
A similar report was received through the Virginia State Board of Health from the New 
York State Board of Health and w'as verified by one of us (F. W. S.). Two months follow- 
ing her discharge, the patient returned to the hospital for a physical e.vaniination, at which 
time blood for agglutinations w'as taken. A positive titer of 1:1,500 dilution against Bac- 
terium coli anaerogenes was discovered. 


COMNEN'T 

The focus of infection in this case was not determined. Since the Bacteriion 
coli anaerogenes is an inhabitant of the intestinal tract in some people, it would 
seem logical to assume that the primary focus of infection was in the lymphatic 
vessels leading from the intestinal canal. Prom here, because of lowered re- 
sistance following the operation and the initial anemia ivhich tvas still further 
lowered owing to the loss of blood dining the operation, the bacteria might 
readily have spread through the lymphatic channels into the blood stream 
whei'e a secondary focus could have been set up in the congested pelvic veins 
resulting in pyelophlebitis, and finally a septicemia. The patient was so over- 
whelmingly toxic throughout her febrile course that she was not expected to 
live on several oeeasions. Neither the blood transfusions nor the sulfonamide 
preparations (sulfanilamide, 90 grains, and sulfa thiazole, 120 grains) seemed 
to have any therapeutic effect in shoi'tening the eoui'se of the infection. 
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THE ANTAGONISM BETWEEN ANESTHETIC STEROID HORMONES 
AND PENTAIilETHYLENETETRAZOL (METRAZOL)* 


Haxs Selye, i[.D., Ph.D., F.R.S.C., Montreal, Oan.yda 


I T IS well knoMTi that analeptic, convulsive drugs, such as picvotoxin or penta- 
methylenetetrazol (metrazol), counteract the narcotic effect of certain anes- 
thetics, especially the barbiturates and tribromethanol (avertin). Since the rele- 
vant literature has recently been reviewed in detail by Beecher,' it ivill not be 
necessary to discuss it here. It has also been found that some steroid compound.s, 
especially those endowed with honnone action, act as anesthetics if given intra- 
pexitoneally or intravenously, that is to say, if administered in a manner which 
permits the rapid establishment of a high stei’oid concentration in the blood.-*' 
This type of anesthesia produced bj"^ naturally occurring hormonal substances 
proved very satisfactory for use in laboratory animals, since the safety margin 
between the anesthetic and lethal dose is comparatively gi'eat, and the anesthesia 
is accompanied by very pronounced muscular relaxation. Steroid anesthesia is 
especially suitable when long-lasting narco.sis is required, but it cannot be used 
satisfaetm-ily in cases in which a deep anesthesia of short duration is needed 
because a dose sufficient to produce deep anesthesia, at anj' one time in the couree 
of its action, usually maintains the state of narcosis for several hours. It ap- 
peared of interest, therefore, to establish whether pentamethylenetetrazol could 
arouse animals fi’om the hormone ane.sthesia whenever desired. 


EXlUmiilENT.VL 


In our first experiment young male albino rats were divided into three equal 
groups. In the first two groups deep anesthesia was produced by the intraperi- 
toneal administration of desoxycorticosterone acetate (D.G’.A.) in peanut oil 
solution. Thirty minutes after the injection of this honnone, when all animals 
we^n complete narcosis, one of the groups pretreated wth desoxyeortico- 
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storom' iivetiitv and a firoui) ol' coidrols not profrwUod rwoived a .suiieutaiwons 
injection of peiitanietliyleiiotetrazol in afpieon.s saluiUin. Table I summarizes Uic 
results of this oxporhuont. 

T.w.k I 

ANTACiOXlSif BeTWEKN BKSOXycoimCOSTEItO.VE Acetate AXU PEXTAnETlIVLEXETETCAZOt. 


rr.EATMEXT 

1 ] 

1 KO* I 

; ANMM.U.S i 

[ I 

AVKItAOh: JtOUVj 

m:wnT r.v | 
O'Af. 1 

AVKIiAOK 
UKffilKK OK 
A.VK.SrUKSIA , 

COSVV'I.- 

HIUKH 

[ 

DKATIIS 

De.so.xyeortioostcrono aoetatc 
4 mg. per 0.2 ml. 

7 

.•fy j 

1 

+ + + 1 

0 

0 

Peiitumetiiyleaetcti-azo! 5 

mg. per 0.2 mJ. and 
l)eso.\wcortieo.stcrone ace- 

r j 

1 

:{(i 1 

Traee 

0 

1 

mg. per 0.2 ml. | 

7 

.‘u: 

0 

1 

+ + + 

7 


Our data clearly indicate that ])entanictliylenefetrazoi antagonizes the anes- 
thetic action of desoxycorficosterone acetate. It sliould be stated that this is not 
merely a prevention but an actual interruption of tiio anesthesia, since the ani- 
mals in the group in mhicli de.soxycorficosterone acetate was ad)ninistered before 
the pentamethylenetetrazol, u'ere deeply anesiludizcd at the time tlie latter drug 
was administered, yet five minutes later they were on their feet again and showed 
only slight traces of a narcosis, such as uncertainly of their movements and 
unwillingness to run about. It is even more interesting to note that in tlie con- 
dition of hormone anesthc.sia, otherwise letlial do.scs of pentamethylenetetrazol 
did not kill a single animal and indeed prevented even the appearance of con- 
vulsions. The animals not pretreated, which died from penfamefliyJenetefi’azol 
overdosage, developed \'ery pronounced lung- edema. This u’as also prevented by 
desoxyeortieostei'one acetate. Thus we can see that the antagonism between 
desoxytortieosterone acetate and pentamethylenetetrazol is mutual. 


t.\ble II 

AxT.WOXISM Between PltOCESTEIiOXB and PEXTAMETUYt.F.XEXE-rKAZOr. 


TREATMENT 

NO. OF i 

ANUIAES 

AVERAOB nODY 
WEIGHT IN j 
GM. 

AVERAGE 
DEGREE OK 
ANESTHESIA , 

coNvri.' 

SlONS 

DEATHS 

Progesterone 5 mg. per 0.2 
ml. I 

10 

45 

•+• -f- d- 

0 

0 

Pentamethylenetetrazol 

3 mg. per 0.2 nil. twice 
and progesterone o mg. i 

per 0.2 ml. i 

12 

47 

1 

1 

0 

1 

t 

0 

0 

1 

Pentamethylenetetrazol 

3 mg. per 0.2 ml. twice 

10 

j Pi 

1 0 

’ -h i- -f- 

10 


A second .series of experiments Ava.s- perforjiied under very .similar condidous 
in order to establish Avhether ]no.gesl crone, whicli is also a ])otent anesthetic wheji 
o-iveu by the intraperitoneai route, would likewise prove to be an antagonist of 
pentamethylenetetrazol. The results of this expez-iment are summarized in 
Table II. 

Ill this experiment iientamethylenetetrazol wa.s administered in two injec- 
tions. The first dose of 3 mg. aroused the animals from iirogesterone anesthesia 
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for ii period of aliout fifteen minutes, after wliicli they l)C”:an to relapse into 
narcosis. Permanent awakening: was produectl, Iiowever, by a second dose of 
3 mjj. The controls not pretreated showed marked convulsions even under the 
influence of the fii-st injection of pcntainethylenetetrazol, and one animal died 
from lung edema. The second injection iiroduccd fatal lung edema in all the 
remaining controls. 

DISCU.S.SION 

Our e.xperiments indicate that pentamethylenetctrazol can interrupt steroid 
ane.sthesia so that in this respect the narcosis pioduced by progesterone and 
desoxycortieosterone acetate resembles that elicited by barbiturates or tribro- 
methanol. It is also evident that the convulsions and the fatal lung edema 
iLsually produced by lethal doses of pentamethylenetetrazol are very effectively 
prevented by steroid ane.sthctics. In this respect the steroids again resemble the 
barbiturates which, according to ilaloney* likewise raise resistance to eommlsive 
drugs. The anesthetic .steroids and pentamethylenetetrazol may be regarded as 
potent mutual antagonists of each other’s pharmacologic actions. 

SUilJIARY 

Experiments on young albino rats indicate that the anesthesia produced by 
the intraperitoneal administration of .steroid hormones (progesterone or desoxy- 
cortico.sterone acetate) can be inten-upted at will by pentamethylenetetrazol 
(metrazol). Convei-sely, fatal doses of pentamethylenetetrazol are readily toler- 
ated without causing either commlsions or lung edema by rats receiving suitable 
doses of anesthetic steroid hormones. 

I am indebted to Doctors Gregorj' Stragnell and Erwin Schwenk, of tlie Schering Corpora- 
tion. New Jersey, for the progesterone and desoxycortieosterone acetate, and to Dr. Fred B. 
We.stern, of the Bilhuber-Knoll Corporation. Orange. N. J.. for the metrazol used in these exoeri- 
ments. 
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PLASJU PEOTEINS IN THERAPEUTIC FEVER* 


ISR.VEL Ivopp, M.D., Boston', 3Lvss. 


C hances iu the plasma proteins have been, observed in various infectious 
and have eonsisted iu the main of a reduction in the albmnin and increases 
in the globulin and fibi-inogend'® A study of the factors responsible for the 
edema occasionally resulting dining the coui'se of therapeutic malaria has re- 
vealed also rather marked changes in the plasma protein tractions.® 

The present communication is concerned ivith the changes in the plasma 
proteins of nine patients to ivhom malai-ia, artificial fever, and typhoid vaccine 
fever were administered for treatment of sj^philis of the central nervous system. 

Material . — ^Nine male patients, ranging from 40 to 51 years of age, were 
hospitalized for fever therapy of general paresis. Physical and laboratory pro- 
cediu’es revealed no other complicating diseases. 

Methods . — Six patients were given tertian malaria only ; one patient, aiii- 
ficial fever and malaria ; one patient, tertian and quartan malaria and typhoid 
vaccine fever ; and one patient, typhoid vaccine fevei*. 

Malarial therapy was admiuistei-ed by the intravenous injection of 3 to 4 
e.c. of malarial blood. The ineubatiou period ranged from one to seven days. 
Tme tertian or quartan fever was not encountered, the fever being of the 
mixed or quotidian type. Malaria ivas terminated in seven patients after 10 
to 13 paroxysms by the daily administration of 30 grains of quinine sulfate for 
one week. One patient expei-ienced only four paroxysms of fever above 104° E. 
after two inoculations ivith tertian malaria and one with quartan malaria. 

Typhoid vaccine fever was induced by the nitravenous injection of increas- 
ing doses of mixed typhoid vaccine {Bacillus typhosus, paratjphoid A and B), 
administered usually thi’ee times a week. One patient was given eleven bouts 
of fevei*, and a second, sixteen bouts of fevei*. 

Artificial fever was induced by means of the induetotherm and humidified 
air cabinet. Body temperature was raised to level of 105° to 106° E., and 
prolonged for two hours at each treatment. A total of fourteen treatments 
was given to one patient over a thirty-eight-day period. 

The daily hospital diet consisted roughly of the following : protein 80 6m., 
carbohydrate 315 Gm., and fats 85 Gm. When malarial feimr was present and 
food intake diminished, the daily diet was reinforced by the addition of at least 
one quart of milk and two eggs (protein 42 Gm., carbohydrate 50 Gm., and fat 
52 Gm.). After termination of the malarial fever the patient was given a high 
vitamin and high caloric diet and 20 grains of fen*ous sulfate daily. 

^rom the Boston Psychopathic Hospital, Dr. Harry C. Solomon. Chief of Therapeutic 
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Sodium chloride was administered to seven patients during fever therapy 
as a result of the observations of Judd,^ who felt that patients were better able 
to tolerate malarial therapy when 10 grains of this salt were given on those 
days when body temperatiu’e rose above 103° H. 1/argei* doses, ranging fiom 
3 to 6 6m. daily, were given to our patients. The sodium chloride was omitted 
when therapeutic fever was terminated with the exception of one patient, who 
continued to receive 6 Gm. daily for one week. 

Studies wex’e made of the plasma proteins, hematocrit, red blood cell, white 
blood cell, and hemoglobin (Sahli) levels on venous blood samples in the rest- 
ing state. The total protein was obtained by the determination of the total 
nitrogen by a modified micro-Kjeldahl.® The nonprotein nitrogen was detei’- 
mined by the method of Folin and Wu,® and the difference between the total 
nitrogen and the nonprotein nitrogen was multiplied by the factor 6.25 to give 
the total protein. The albumin and globulin were determined by the sodium 
sulfate method of Howe.^® The fibrinogen was determined by precipitation as 
fibrin by the method of Cullen and Van Slyke,“ and the nitrogen was deter- 
mined by the difference between the total nitrogen and the nitrogen in the 
fibrinogen-free filtrate. In the last series of studies the fibrinogen was pre- 
cipitated as above, and the nitrogen content of the fibrin was determined di- 
rectly. Potassium oxalate in the concentration of 2 mg.- per cubic centimeter 
was used as the anticoagulant. 

RESULTS 

jilalana . — Intravenous malarial inoculation was followed in seven of eight 
patients by a slight or a marked and rapid fall in albumin during the incuba- 
tion period and before any fever occurred. One patient experienced no fever 
for thirteen days following his first inoculation xvith tertian malaria. Albumin 
fell from 4.82 to 4.01 Gm. during this period. A second patient showed a re- 
duction in albumin from 5.1 to 4.3 Gm. three days after inoculation with tertian 
malaria and one day before any fever resulted. Only one patient showed an 
increase in albumin, from 4.37 to 4.70 6m. Globulin and fibrinogen showed 
fluctuating changes during the incubation period ; the changes in globulin rang- 
ing from a reduction of 25 per cent to an increase of 45 per cent, and those of 
fibrinogen from a fall of 50 per cent to an increase of 300 per cent. 

The onset and recurrence of the malarial fever were accompanied by a 
rapid, progressive, and marked reduction in albumin (Chart 1). The reduc- 
tions in albiunin ranged from 30 to 40 per cent, falling from prefebrile values 
of 3.67 to 5.1 Gm. (average 4.53 Gm.) to levels of 2.23 to 3.25 Gm. (average 
2.89 Gm.). Globulin fluctuated considerably during malarial fever but showed 
no consistent trend. Increases of 11 to 65 per cent occurred in seven patients. 
In the eighth patient globulin values throughout malaria remained below the 
original level of 3.03 Gm., xvith a maximum reduction of about 32 per cent. 
Fibrinogen also showed no consistent trend during active malaria. Of the eight 
patients, one showed significant reductions as much as 50 per cent below pre- 
febrile values; two, an increase and then a progressive fall below initial levels- 
two, fluctuations above and below original levels ; and three, similar values or 
an increase. 
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The fall iu albuiuiu ceased immediately or udthin a lew days after the 
administration of quinine and the cessation of malarial fever (Chart 1). Albumin 
values then rose rapidly, I'eaehing- prcfebrilc levels in six patients in fourteen 
to twenty-four days. Tn one patient the prefehrile value was reached only 
after seventy days. The malarial fever of the eighth patient ceased .sponta- 
neou.sl}% and no quinine was administered. Sixteen days after the last febrile 
reaction albumin dift'ei’ed only little from the lowest level obtained during 



Cliart 1 . — Plasma proteins ii! tlierapeutic malaria. 


malarial fever, namely, 3.6 and 3.23 Cm. Globulin remained increased for only 
a shoi-t period after malarial fever was terminated, and then fell slowlj^ to 
reach prefehrile values in ten to eighteen day.s. The fibrinogen values returned 
to original levels fairly rapidly, in about se%'en days. Fibrinogen and globulin 
values of the patient who j-eeeived no quinine therapy remained elevated even 
after two weeks’ time. 

Tuplioid Vaccine Fever. — Only slight finetuations in albumin, ranging from 
a fall of 9 per cent to an increase of 13 per cent, occurred in two patients to 
whom 11 and 16 bouts of typhoid vaccine fever were administered over periods 
of twenty-four and thirty-nine clays, re.speetive]y (Chart 2). This is in marked 
contrast to the severe reductions of 30 to 40 per cent cvhieli wei-e found during 
7 iialaria. Globulin also showed finetuations in both directions but of a smaller 
mao-nitude than iu malaria. Both albumin and globulin values when treatment 
was terminated approximated those pre.sent before therapy. Fibi-inogen in- 
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creased in both patients as a residt of typJioid vaccine fever, in one 33 per cent 
and in the second 40 per cent. In the former fibrinogen returned to its original 
level within seven daj^s after treatment ceased, but in the latter fibrinogen 
remained increased, more than 200 per cent, as late as thii-ty-one days there- 
after. 

Artificial Fever . — Eepeated administration of artificial fever resulted in 
only a slight reduction of the albumin, the maximum fall being 13 per cent 
below the prefebrUe level (Chart 3). Tlie final value, however, after a course 
of 14 treatments, over a thirty-eight-day period, differed only little from that 
before ti’eatment. The changes in globulin fluctuated equally, about 12 per 
cent, in both directions. Fibrinogen values during therapy tended to fall as 
much as 30 per cent below prefebiule levels but I’emained within normal limits. 
Three weeks after therapy was terminated the patient was inoculated with 
tertian malaria and experienced a 30 per cent reduction in albumin as a result 
of malarial fever (Chart 1). 


DISCUSSION 

The changes in the plasma protein fractions as a result of therapeutic 
malaria consist of a marked reduction in albimiin, fluctuating changes in the 
globulin, and generally increased fibrinogen. Similar changes have been found 
in hookwoim disease accompanied by severe anemia,'* less marked changes in 
tuberculosis,'® and other infections.® Lloyd and Paul,' by refraetometrie meth- 
ods, found marked reductions in albumin and slight falls in the total globulin 
in patients -ivith malignant and benign tertian malaria. The degree of albumin 
reduction seemed to parallel the intensity of the infection, greater reductions 
occm'ring in patients with high temperatures than in those with subfebrile 
infections. Similar changes were foimd by these authors in patients mth 
typhoid fever. The rise in albumin to normal v'as said to be more rapid fol- 
loAving malaria than typhoid fever, and was attributed to the presence of a 
specific drag, quinine, for the treatment of the foraiei-. It is possible that the 
absence of quinine therapy in one of our patients may be responsible for the 
ordy slight rise of albumin from its lowest level of 3.23 Gm. during malaria 
to 3.6 Gm. sixteen days after fever spontaneously ceased, and for its failure to 
rise to the original level of 4.82 Gm. during this period, Lloyd and Paul' 
obsemmd several untreated patients with malaria in whom parasites were pres- 
ent in the periphei’al blood stream but no fever was present. All shoAved the 
ehai’acteristic protein changes, a reduction in albumin, and vai'iable changes in 
globulin. 

The changes in the seram protein fractions as a result of malaria Avere 
much more pronounced than those found in fever produced either by mixed 
typhoid vaccine or by artificial means. This may be due to (a) the rapid 
recurrence and greater amount of fever; (b) the presence of blood destruction; 
and (e) the presence of an infectious process in malaria. Active malarial fever 
required from ten to seventeen days in contrast to thirty-eight days for arti- 
ficial fever, and tAventy-four and thirty-nine days for typhoid vaccine fevei-. 
The paroxysms of malaria Avere usually of daily occurrence, Avhereas treatment 
in the other types of fever Avas given tAvo or three times each Aveek. The total 
amount of fever above 100° R. Avas also greater in malaria, an average of one 
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hundred twelve hoiu-s, in contrast to eighty-seven hours and fifty-five hours 
for typhoid vaccine fever and artificial fever, respectively. On the other hand, 
the plasma protein changes of the eight patients given malarial therapy dif- 
fered only little, regardless of the niunber and frequency of the paroxysms, 
the maximum temperature experienced, the total amount of fever above 100 
R., or the total duration of malarial therapy. The number of malarial paroxysms 
(temperature 103° R., and above) ranged from foiu- to thirteen, the total amount 
of fever above 100° E. from seventy-one to one hundred fifty-four hours, the 
duration of malaria from fourteen to twenty-two days from the time of inocu- 
lation, and that of actual malarial fever from ten to seventeen days. Despite 
these wide variations the percentage reduction in albumin in the eight patients 
was nearly the same, namelj'', from 30 to 40 per cent. One patient after three 
malarial inoculations experienced only four paroxysms and a total of one him- 
dred ten hours of fever above 100° R. over a twenty-nine-day period, whereas 
a second patient after one inoculation experienced nine paroxysms and a total 
of seventy-one houi’s of fever above 100° R. over a ten-day period. Not\vith- 
standing such differences the reduction in albumin in the former was 34 per 
cent and in the latter only 41 per cent. Tareev and Gontaewa," houmver, con- 
trary to our own findings, observed that the reduction in albumin in malarial 
infections paralleled the clinical severity. They observed more marked reduc- 
tions in induced malaria than in the naturally acquired form; these were at- 
tributed to the more rapid recurrence of fever in the former type. 

The rapidly induced anemia is a prominent feature of malaria, and one 
questions whether this factor plays any part in the low serum albiunin levels 
obtained. Low serum albumin values have been foimd in anemias, both pri- 
mary and secondary, but have been attributed to the accompanying malnutri- 
tion.^ These anemias, however, are of a chronic type. The fall in albumin 
during malaria cannot be attributed to red eeU destruction, since both Lang^® 
and Bodanslcy and co-workers'® found no change in the serum albumin of dogs 
in which anemia was produced by the administration of phenylhydrazine and 
acetyl phenylhydrazine, respectively. 

The liver has been considered by some as the main source of albumin and 
the source of much of the globulin.” It is the sole source of fibrinogen. It has 
been shown that infections impair the manufacture of plasma proteins in the 
liver, despite the fact that protein intake may be maintained.'® This may well 
explain the marked reductions in serum albmnin (37 and 39 per cent) in two 
patients who exhibited a “ravenous appetite” throughout malaria yet showed 
as marked a reduction in albumin as a third patient whose food intake was 
poorer and whose weight loss was greater (10 pounds in contrast to 4.5 and 
2.5 pounds). It does not explain the increases in globulin ivhieh were obtained 
at these times unle.ss one predicates as Loeb® has that albumin and globulin 
are formed by different cells in the liver. Experimental observations reveal 
that only a small portion of protein is stored in the liver as preformed plasma 
protein.” Thus, not only is the liver unable to synthesize new plasma protein 
from exogenous material, i.e., food, because of an infection, but it is also un- 
aide to convei-t its stored protein into plasma protein because of a di.sturbance 
m the plasma protein-forming mechanism of the liver. The rapid rise in 
alljumin practically immediately after the malaria was terminated, and at a 
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time when food intake I’cniained essentially unchanged, M’ould tend to verify 
the importance of infection in impairing serum protein production in the liver. 
The absence of an infectiou.s process in fever induced by typhoid vaccine and 
artificial methods may ivcll explain the .slight and insignificant fluctuation.s in 
albumin which occurred during these types of therapy. In support of this is 
tlie finding of a marked I’eduction in albumin in t^'phoid fever,' though the very 
limited food intake at thi.s time is an important factor not to he overlooked. 

The low serum albumin value.s of severe infections have been attributed 
by some to the accompanying malnutrition,* i.e., insufficient protein intake. 
Continuous wasting due to malnutrition causes a steady fall in albumin.’** It is 
difficult to evaluate true weight lo.ss in patients undergoing malarial therapy, 
since suhelinieal fluid retention may well have occurred during its course be- 
cause of loAV albumin value-s.® The weight losses obtained ranged from 1 to 10 
pounds and. though thej^ may indicate insufficient total caloric intake, they do 
not imply an inadcfpiate protein intake. One patient showed a weight gain of 
2.5 pounds during malarial therapy at a time when albumin had been reduced 
34 per cent, fi’Oiu 4.82 Gin. to 3.23 Gm. No clinical evidence of edema was seen. 
It is possible that the protein intake of our patient.s, adecpiate for the patient 
when in normal health, was insufficient dnving malarial fever to supply the 
increased protein demands when fever was present. It does not appear logical 
to atti'ibute the rapidly falling allnimin during malaria to malnutrition, since 
the fall in albumin appeared early and even before the malarial fever oceurred. 
This is well shown by the progressive fall in albumin from 4.82 to 4.01 Gm. in 
one patient over a thirteen-day afebrile incubation period, and the rapid fall 
in albiunin from 5.1 to 4.3 Gm. in a .second patient three days after malaria 
inoculation and one day before fever occurred. Sufficient protein storage in 
the liver and muscles should be present and readily available at this time to 
supply the body’s needs,’' especially since the dietary intake of each patient 
prior to and during the incubation period of malaria had been adequate. The 
albumin values of the eight patients Avere within normal limits prior to the 
induction of the malaria, with the exception of that of one patient who shou’ed 
a loAv. unexplained leA^el of 3.67 Gm. Little or no loss of serum albumin oc- 
curred in our patients by way of the kidney, since urine examinations infre- 
quently revealed more than a very slight ti-ace of allnimin, and kidney function 
is relatively normal in uncomplicated malaria.-® 

The increases in globulin as a result of therapeutic fever Avere most marked 
during malaria, less marked during typhoid vaccine fever, and least marked 
during artificial fever. An increase in globulin occurs frequently as a result 
of infections, and is said to parallel the severity of the infection.® The increase 
in globulin during infections has been considered as mainly responsible for tlie 
hi"h pla.sma protein levels found at these times.*” A close association of eer- 
tahr antibodies AAuth particular globulin fractions has been noted,”- ' as is seen 
by an increase in globulin folloAving the subcutaneous injections of mixed 
typhoid vaccine. The destruction of red blood cells, as by the production of 
experimental anemias in dogs, has also resulted in an increase in globulin.’® 
'liie o-reater increases in globulin during malaria may. therefore, be attributed 
to the presence of au infection and the destrnction of red blood cells. Since 
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the reticulo-cnclothclial system participates in the regeneration of gloliulin,-* 
one wonders whetlier stimulation of this system, said to occur during malaiia, 
may also play some part. 

The fibrinogen level during health i.s relatively constant for any one indi- 
vidual and is not altered by short periods of fasting or by food ingestion. 
Injui'y to the liver causes the blood fibrinogen to fall rapidly, the degree of 
fall paralleling somewhat the severity of liver injury. Regeneration and repair 
of liver tissue result in a return of the fibrinogen values to normal.^' Injury 
to other tis.sues (as in infections) in the ab.senee of liver injury is folloAved by 
an increase in fibrinogen. '■' Fibrinogen values obtained on our patients 

imply that Ihmr damage occurs as a result of malaria. \ allies fell consider- 
ably, even during the incubation period of malaria, in one patient from 520 mg. 
to 260 mg. Fibrinogen values obtained on this latter patient during malarial 
fever remained much below the prefebrile level. The falling imlues obtained 
on two additional patients as the malarial fever recurred also point to increas- 
ing impairment of liver function.s. Clifford has .stated that malaria always 
results in liver damage.^" Studies of liver function following malarial therapy 
at this clinic indicate that liver damage of a temporaiy nature does occur.” 
It i.s significant that the course of the falling albumin during malaria did not 
differ in the three patients with probable liver damage from the remaining 5 
patients ivho exhibited no significant reductions in fibrinogen. The rapid ri.se 
of albumin following the termination of the malaria would indicate that plasma 
protein regeneration occurs rapidly after the termination of the infection re- 
gardle.ss of the fibnnogen values and probable liver damage. It Avould also 
tend to .stress the importance of the infectious process per se in interfering 
with the production of albumin. The increases in fibrinogen as a result of 
typhoid imccine fever have been observed by others.^'^ It .should be stre.ssed, 
however, that fever per se is probably not the cause of the abnormally in- 
creased fibrinogen found in many febrile diseases.^^ Increases in fibrinogen 
occui'red in our patients even during the incubation period of malaria ivhen 
no fever had occurred. The fall in fibrinogen from 380 mg. to 270 mg. in one 
patient after eight artificial fever treatments (Chart 3) is difficult to explain. 
This value was obtained at a time when albumin also had fallen to its lowe.st 
level. Though liver function studies have not been carried out in this clinic 
during artificial fever therapy, occasional instances of jaundice have been 
observed. Significant pathologic changes in the liver have been found Avhen 
fever therapy has terminated fatally. 

CONCLUSIONS 

1. Fever produced by inoculation malaria results in marked changes in the 
plasma proteins consisting of a rapid and marked drop in albumin, and fluctua- 
tions in globulin and fibrinogen. Termination of malarial fever by cpiinine is 
followed by a rapid return to normal values. 

Fever produced by typhoid A'accine and artificial means (inductotherm) 
causes only .slight fluctuations in the plasma protein fractions. 

2. the more marked re.luction in albumin during malaria may be due in 
part to tile greater amount and the more rapid recurrence of fever. The in- 
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fectious process per se present in malaria is probably the most important 
factor intex'fering with the synthesis of albumin in the liver even though dietaiy 
intake appears adequate. 

3. The increases in globulin are greater during malaria than during fever 
induced by typhoid vaccine or artificial means. The presence of an infectious 
process and the destruction of red blood cells during malaria account for the 
greater increases in globulin. 

4. Fibrinogen is increased during malaria and typhoid vaccine fever. The 
progressive fall in fibrinogen, which occasionally occurs during malaria, indi- 
cates probable liver damage. 
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“ELECTROCARDIOGRAPHIC ANAGRAMS’”' 


A Method of Teaching Electkocakdiography 


Joseph E. P. Riseman, M.D., Boston, Mass. 


T he model described in this report has been used with considerable success 
in teaching electrocardiography in a simple logical manner. In principle it 
consists of cards of uniform sizes on which portions of P, Q, R, S, and T com- 
plexes are drawn to scale in such a fashion that the cards may be joined together 
or superimposed one upon another to form any of the more common electro- • 
cardiographic patterns. If only one portion of the electrocardiogram is changed 
at one time, the student soon learns to recognize the abnormality and to interpret 
its significance in a logical fashion. This method eliminates the necessity of 
textbook descriptions or patterns; it enables the student to lose some of his 
fear of electrocardiograms ; and it allows him to test himself by creating char- 
acteristic patterns. 

DIRECTIONS FOR PREPARING MODEL 

Models of any size can be made. For classroom work, electrocardiographic 
complexes drawn to a scale of 1/2 inch for each millimeter of amplitude or each 
0.4 seconds of duration have been found most serviceable; these are drawn on 
cards 10 inches high and 3, 6, or 12 inches wide. A complete set consists of 90 
cards; 16 cards, 10 by 12 inches; 14 cards, 10 by 6 inches; and 60 cards, 10 by 
3 inches. 

Materials . — The following materials are necessary ; 38 pieces of heavy white 
noncurling cardboard, each measuring 10 by 12 inches ; two sheets of transparent 
cellulose acetate, approximately 10 by 12 inches; ruler; pencil; soft wax pencil; 
black poster paint; drawing pen; camel’s hair paint brush; scissors; sharp knife 
or razor blade. 

Method . — With a pencil draw two lines, 1 inch apart and 12 inches long, 
through the center of each card; this represents the electrocardiographic base 
line, or a string shadow 2 mm. wide. On four of these cards this base line is 
inked in. Two cards are left intact (Fig. 1 a). One card is cut in two to form 
two models, 10 by 6 inches each (Fig. 1 b ) ; one is cut to form four cards, 10 by 
3 inches (Fig. 1 c). A black ink dot is placed in the upper left corner of each 
of these and subsequent cards to make possible rapid recognition of the upri'^ht 
position. 


•From the ilcdlcal Ruyearch Department, 
lledlclne. Harvard Medical School, Boston. 

Received for publication. August 23, 1941. 
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N'onnal Complexea (Fig'. 2). — Staff iii”; inch from the left-hand margin 
of one card, drarv a P-\vave, one inch high and approximately V/o inches rvide. 
Beginning 3 inches from tlie left-haiul margin, draw a QRS complex, 1.25 inches 
in width, the Q-wavo should he approximately inch in amplitude, the R- and 
S-waves 3 to 4 inches in amplitude. Beginning 6 inches from the left-hand 
margin, a T-wuve is drawn % inch in amplitude and 2 inches wide; if desired 
the terminal limb of the T-wave can be drawn to dip inch below the base line, 
returning to the isoelectric level, 9 inche.s from the left-hand margin. By follow- 
ing these directions the P-wave will be the upper limit of normal in amplitude; 
the T-wave will be the lower limit of normal in amplitude; the QRS complex and 
the PR-interval rvill be the upper limit of normal in duration (Pig. 2 a). One 
piece of cellulose acetate is superimpo.sed on this drawing; the contour of the 



d be 

Fig. 1. 



diagrammatic complex is traced with a wax pencil, and the resultant P-QRkS-T- 
complex is cut out. Tins results in a templet, wliich can be used to draw 
normal complexes of identical characteristics. A total of six P-QRS-T-eomplexes 
are prepared from this templet, and the outlines ai’e filled in with poster paint. 

Lines are drawn on four cards to divide them into sections, 10 by 3 inches. 
By using the appropriate portions of this same templet, six P-waves (Pig. 2 b) 
four QRS complexes (Pig. 2 r) and six T-waves (Pig. 2 d) are drawn on 10 by 
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3 inch cards. ^Vitli the same templet normal QRS-T complexes are drawn on 
four 10 by 6 ineh cards to depict ST-segments of short duration (Fig. 2 e). 

Ahnormal PAVaves.—Six P-waves, 2 inches high (Fig. 3 a), and six notched 
P-waves (Fig. 3 h), % incli high, are di-awn on 10 by 3 inch cards after preparing 
the appropriate templets. Four cards (10 by 3 inches) are prepared showing 
normal T- waves on which abnormal P-waves are partially superimposed (Fig. 
3 c). 


Ji A 



JN — 




a b c d 


Fig. 4. 



A flutter wave, 2 inches in duration, is drawn, and from the templet four- 
cards, 10 by 6 inches, are prepared, each bearing three flutter waves (Fig. 3 d) . 
By making the base line of three cards irregular, the f waves of auricular fibrilla- 
tion are depicted (Fig. 3 e). 

Abnormal QRS Complexes.— QRS complexes to show axis deviation are 
drawn on three cards (Fig. 4 a), 10 by 3 inches, as follows: On one card a large 
R-rra\e and a small S-wave are drawn, and a templet is made. By invertinr^ and 
revemmg the templet, a complex with a small R-wave and a large 





1066 


THE JOURNAL OF LABOHATORY AND CLINICAL MEDICINE 


drawn on a second card. Tlie third complex is drawn to represent an average of 
these two types of QRS complexes. 

QRS complexes of low amplitude are demonstrated (Fig. -t &) on three 10 
by 3 cards. Each card represents one of the three standard leads. The complexes 
are drawn less than 1^4 inches in width and less tlian inches in amplitude. 

Bundle branch block (spreading, slurring, and notching) is represented on 
three 10 by 3 inch cards (Pig. 4 c) ; the major deflection is upright on one card, 
and doAvnward in another card; the third card represents an average of the 
first tM’o. 

Premature ventricular contractions of two different designs are drawn on 
10 by 3 inch cards (Pig. 4 d). The abnormal QRS-T complexes should begin at 
the left-hand margin of tlie card and occupy 4 to 5 inches ; the remainder of the 
card serves to depict tlie compensatory pause. Using a templet drawn from 
one of these extrasystoles, three additional cards, each containing two ventricular 
premature beats, are dranm so that ivlien these are joined together the 3 - illustrate 
a run of ventricular extrasi’stoles or ventricular tachycardia. 





Fig. 7. 


Abnormal ST-Segments and T-waves . — Pour types of abnormal ST-segments 
are illustrated on 10 by 3 inch cards (Pig. 5). These are drawn so that the left- 
hand margin of each can be superimposed on the normal S-wave, and the right- 
hand margin can be superimposed on the normal T-wave. One card depicts an 
elevated ST-segment parallel to, and 1 inch above, the base line (Fig. 5 a). A 
second card depicts a depressed ST-segment, also parallel to the base line (Pig. 
5 1)). A third card begins 1 inch below tlie base line, and then runs diagonally 
up to reach the peak of the T-wave (Fig. 5 c). The fourth card illustrates 
coving (Pig. 5 d). Pour T-waves, % inch high, are drawn on cards 10 by 3 
inches (Pig. 6 a). One diphasic T-wave (Pig. 6 b) is drawn on another 10 by 
3 inch card. Six T-waves, 3 inches in amplitude (Pig. 6 c), are drawn on 10 
by 3 inch cards ; these may be used to depict normal T-waves of high amplitude 
or T-waves on which P-waves have been superimposed. 

Four 10 by 6 inch cards, illustrating combinations of abnormal ST-segments 
and T-waves, are drawn. One depicts an elevated ST-segment and inverted T- 
wave (Pig. 1 a) ; another, coving with an inverted T-wave (Fig. 7 b) ; a third, 
a depressed ST-segment, with an inverted T-wave (Pig. 7 c) ; and a fourth, a 
depressed ST-segment with diphasic T-wave (Pig. 7 d; digitalis T-waves). 

To demonstrate these cards a stand can be made according to Pig. 8. This 
stand also serves as a container for the cards when they are not in use. 
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Fig. 8.-Viewing stand for i^efeTsTof ci?di"h 

stand can be made o£ V.. , •;f », for small cards, 31,3 by 1% 

B, container for large cards, 10 V- b> 2 inches o, conia.i e. 
and D, grooved molding to hold lower edge of cards m piac^.. 



Fig. 9. 




viewing 
1 place ; 
inches ; 


Fig. 11. 
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JIETHOD OF USE 

In use, normal sinus rJiythin is first illustrated by joining end-to-end four 
normal P-QRS-T complexes (Pig. 9). Arrhythmias arising from the sino- 
aiiricular node arc then illustrated: sinus bradycardia, by separating three 
normal P-QRS-T complexes (Pig. 10) ; sinus tacliycardia, by partially super- 
imposing the complexes so that five oecupj' the same horizontal area (Fig. 11). 




Fig. 13. 

Abnomalities of the P-waves are next illustrated. Auricular tachycardia is 
depicted by superimposing an abnormal P-wave on each of the normal P-waves 
of the sinus tachycardia (Pig. 12), or by further superimposition of the normal 
complexes so that the P-waves cover the T-waves, and then superimposing the 
combined P-T waves (Fig. 13), large T-waves, or inverted P-waves. In a similar 
fashion abnormalities of the PE-interval (imrying degrees of block) are illus- 
trated, then abnormalities of the QRS complexes, the ST-segment, and the T- 
waves. Practically all the electrocardiographic patterns, which one encounters 
clinically, can be created by this method. 

suanixVRV 

The model described consists of units of electrocardiographic complexes 
prepared in such a fashion that thej’^ can be joined together so as to illustrate 
diagrammatieally most of the common electrocardiographic patterns. The model 
has proved to be of considerable value in teaching beginnera how to interpret 

electrocardiograms. 



SDIPLB METHOD OF EVALUATING BLOOD PLATELETS*' 


\ 


Ev.vns W. Perxokis, M.D., Chicago, III. 


T he procedure for accurateli^ seeing, identifying, and counting the blood 
platelets has become more important with the discovery that splenectomy 
cures a high percentage of patients afflicted with idiopathic purpura hemor- 
rhagica. The methods used and recommended by most textbooks are based on 
dilution and counting with the hemacytometer. The most popular diluting fluid 
is that of IVright and Kinnicutt, though the fluids recommended by Rees and 
Ecker, and Guy and Leake are also extensivelj’’ used. The Fonio method, so 
highly recommended by the German school, which uses the magnesium sulfate 
as a diluent before spreading the l)lood on the slide for a smear, also has been 
extensivel}’’ used. After several j’ears of trial with the dilution methods and 
the Fonio method with students in classes of Laboratory Diagnosis, it is our 
opinion that the following method is the simplest and least time-consuming for 
the accurate identification and counting of blood platelets. 

The solution used is a 1 per cent brilliant eresyl blue in absolute alcohol. 
A drop of the solution is placed on the edge of a slide (thoroughly cleaned and 
flamed), and spread out in a manner similar to spreading blood for a blood 
smear. The solution evaporates readily, leaving a thin coat of stain. An ear 
puncture is made, and a drop of blood the size of a black pinhead is placed on a 
thoroughly cleaned cover slip and overlaid on the stained slide. A red blood 
cell count is also dra^TO at the same time. The size of the drop must not be too 
large so that it spreads out uniformly filling the cover slip area udth a thin film 
of blood. The platelets take the brilliant eresyl blue stain and appear as pale 
blue bodies floating between the less colored red blood cells. Variations in shape 
and size are also readily noted in the preparation. A total of 1,000 red blood 
cells are counted on the film, and the number of platelets in the same area is 
noted. Prom the value of the red blood count, the platelet count is calculated. 
For example, if in counting 1,000 red blood cells, we encounter 75 platelets, and 
the patient’s blood count is 4,750,000 red cells, by multiplying the first four 
figures of the red count with the number of platelets in 1,000 red cells we get 
the platelet count, which in the above case would he 75 times 4,750, or 356,250 
platelets. 

This method offers the advantage that reticuloej-tes may also be counted 
on the same preparation. If kept in a Petri dish lined with moistened filter 
paper, it may be kept several hours without the platelets disintegrating. After 
first observing the moist preparation, the cover slip may be removed with lio-ht 
pressure and counterstamed with Wright’s stain or ifiay-Griinwald-Giemsa 
for fur ther observation of the platelets and a differential count. 

•Krom the Preabyterian Hospital. Chicaso. 
nccoivcC for publication. September 29. 1941. 
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A SHAKING DEVICE USED IN THE- COLLECTION OP BLOOD FOR 

TRANS FUSION** 


L. W. Diggs, SI.D,, axd H. B. Turxkr 
JIempiiis, Texx. 

A SIMPLE, iiojsele.s.s and relative])' inexpensive shaking device (Fig. 1) has 
been developed in the Blood Bank at the John Gaston Hospital. The power 
IS supplied by a small eleetile motor from a portable \'ictrola. The back and 
forth motion is obtained b)’ a shaft attached to an eccentric disk. The carriage 
for the collecting bottle is swung from two metal supports 12 inches in length. 



Figr. 1- — A shaliins: rtevice used in tlie collection of blood for transfusion. 

The fulcrum is placed at the level of the top of tJie bottle so that motion and 
vibration at this point are minimal. The carriage is open at the top so that 
the collecting bottles can be easily inserted and removed. The height of the 
instrument is 23 inches, the width at the base 10 inches, and the width at the 
top 5 inches. 

^rom the Division of Medicine and the Clinical Laboratories of the Jolin Gaston Hospital 
and the University of Tennessee. Memphis. 

Received for publication, Xoveniher 3, 1941. 
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diggs-turxer; collectiox of blood for TKAXSFUSIOX J-U/i 

The shaking device has been used for the collection of approximately 2,000 
flasks of blood for transfusions and has proved to be entirely satisfactory. The 
assistant is spared the tiresome and awlcward task of keeping the flask of oo 
in motion during the three to fifteen minutes required to collect 500 c.c. of 



Fig. 2. — The collection of blood from a donor by the closed citrate method using "the shaker.” 


blood. With the shaker it is possible for one person to collect the blood un- 
assisted. The gentle agitation furnished by this instrument is adequate to pre- 
vent coagulation. In our routine collections the blood is simply allowed to run 
downhill without the use of negative pressure, but if negative pressure is de- 
sired, the suction pump may be connected as in Fig. 2. 

under dir4“t?rofll\.’’x' M'^VmiU^^ Technology 


THE RELATIONSHIP OP THE PLASJLV PROTEINS TO THE 
CORRECTED SEDIJIBNTATION RATE® 


Israel. Kopp, JI.D., Bostox, jMass. 


M any observers have demojistrated a suggestive relationsliip between the 
red blood cell sedimentation rate and tiie fibrinogen content of the plasma, 
and some liave concluded tliat the fibrinogen content determines the sedimenta- 
tion rate.’' = Others,^* ’ however, have failed to observe any such causal rela- 
tionship and have found no eozTclation between the sedimentation rate and any 
of the plasma proteins, JIarked changes in the sedimentation rate occur even 
without any changes in the plasma proteins.’ Increases in globulin and ex- 
treme degrees of lipemia are also known to affect the sedimentation rate.^ 

Repeated determinations of the plasma protein fractions and the sedimenta- 
tion rate on patients undergoing therapeutic fever for central nervous system 
syphilis have afforded an oppoi'tunity to review again the problem of the rela- 
tionship if any between the sedimentation rate and the plasma proteins. 

Jt.lTERI.VL ^VXD JIETHODS 

Five male patients with general paresis, ranging from 39 to 52 years in 
age, wei'e hospitalized for fever therapy. The five patients were given the fol- 
lowing therapy: tertian malaria to two patients; tertian and quartan malaria 
to one patient; tertian malaria and typhoid vaccine fever to one patient; arti- 
ficial fever and malaria to the fifth patient. 

Venous blood samples were obtained without stasis and with the patient 
in a fasting state. In most instances the patient was afebrile. Potassium ox- 
alate, 2 mg. per cubic centimeter of blood, was used as the anticoagulant for 
the determination of the plasma proteins. 

The total protein was obtained by the determination of the total nitrogen 
by a modified micro-Kjeldahl® ; the nonprotein niti'ogen by the method of Polin 
and Wu’; the albumin and globulin by the sodium sulfate method of Howe®; 
and the fibrinogen by precipitation as fibrin by the method of Cullen and Van 
Slyke." In the last series of studies the fibrinogen was precipitated as above,® 
and the nitrogen content of the fibrin was determined directly. 

The sedimentation rate of whole blood was determined by the method of 
Rourke and Ernstene’® and corrected for the hematocrit readings by their cor- 
rection chart. Dry oxalate mixture, 6 mg. of crystalline ammonium oxalate 
and 4 mg. of crystalline potassium oxalate for 5 c.c. of blood, was used as the 

anticoagulant. 

^rom the Boston Psychopathic Hospital. 

Received for publication. November 21 , 1911 . 
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The sedimentation rate of defibrinated blood was determined by the method 
of Ham and Curtis.= Fibrinogen was removed by rotating 5 c.c. of blood to- 
gether with 12 small glass beads in an Erlenmeyer flask for from ten to fifteen 
minutes, and then filtering through two layers of gauze. The defibrinated blood 
was then mixed, and the sedimentation rate rvas determined as with whole blood. 
Because of the slmv settling, readings were made over a period of three hours. 
Corrections 'were made for the hematocrit according to the charts of Ham and 
Curtis,® and Bourke and Brnstene.^® 



200 300 400 500 600 

?ISaiK0Ca( ac* p«r lOO ec. 


Chart 1. — o Fibrinogen by difference. • Fibrinogen by direct method. 

RESULTS 

Ninety-two sedimentation rates w'ere obtained during malaria, typhoid vac- 
cine, and artificial fever therapy. Taken as a 'whole no linear relationship could 
be found between the corrected sedimentation rates and the fibrinogen values 
(Chart 1). The sedimentation rate varied more than 1,500 per cent for the 
same fibrinogen value. Fibrinogen values also varied \videly for similar sedi- 
mentation rates, as for example, sedimentation rates of 0.60 mm. and 0.65 mm. 
per minute for fibrinogen values of 160 mg. and 630 mg., respectively. The sed- 
imentation rates also bore no absolute relationship to albumin, albumin-globulin 
or globulin-fibrinogen ratios. 

It was observed frequently that when the more rapid sedimentation rates 
could not be explained on the basis of fibrinogen values alone, the accompanying 
globulin values were close to the upper limit of normal, 3 Gm. per 100 c.c. 
or above. However, wide variations in the sedimentation rate, as much as 2,200 
per cent, occurred even for similar globulin values (Chart 2). 
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The sedimentation rates of each patient revealed a suggestive linear rela- 
tionship with fibrinogen values in only two of the five patients, one during 
malarial therapy and the second during artificial fever therapy. Changes in 
the globulin fraction during treatment appeared less marked in the two patients 
than in the others. The subsequent administration of tertian malaria to the 
patient who had received artificial fever therapy resulted in more scattered 
sedimentation rates for nearly similar fibrinogen values (Chart 3). Globulin 
values, though higher at this time than during artificial fever therapy, were 
still -within normal limits. 

An attempt was made to evaluate the importance of globulin in the de- 
tennination of the sedimentation rate by obtaining 54 defibrinated blood sedi- 
mentation rates on three patients durnig malarial therapy, and on one of this 
group during a course of tjqihoid vaccine fever. The removal of fibrinogen 
did not prevent an increase in the sedimentation rate, but the increases when 
present were less marked than those of whole blood, i.e., fibrinogen was not re- 
moved. It -will be observed (Chart 2) that the sedimentation rates vith and 
without the presence of fibrinogen follow about the same pattern when compared 
with the globulin values. No correlation was found between the defibrinated 
sedimentation rates and globulin values when the latter were 2.8 6m. per lOO 
c.c. or less. Above this level, however, a suggestive linear correlation was pres- 
ent, the defibrinated sedimentation i-ates showing marked increases with only 
slight increases in globulin. 


DISCUSSION 

Our findings when taken as a whole reveal little correlation between the 
corrected whole blood sedimentation rate and fibrinogen values in therapeutic 
malaria and typhoid vaccine fever. The corrected sedimentation rates obtained 
during artificial fever therapy of one patient and malaria therapy of a second 
patient bore a suggestive linear relationship to fibrinogen values. Changes in 
the fibrinogen, globulin, and red blood cells are quite marked during malaria, 
less marked during typhoid vaccine fever, and least marked during artificial 
fever. It is probable that a better relationship between the sedimentation rate 
and fibrinogen may exist when changes in the plasma proteins and red blood 
cells are not rapid or marked. Ropes and co-workers,’* however, have observed 
marked changes in the sedimentation rate in both acute and chronic infections 
even without any change in the concentration of the plasma proteins. No ab- 
solute correlation was found by these workers between the sedimentation rate 
and any of the plasma protein fractions. 

The sedimentation rates obtained mth whole blood and defibrinated blood 
samples show the importance of globulin. Regardless of fibrinogen levels, 
globulin values of 2.9 Gm. per 100 c.c. and above were frequently accompanied 
by rather marked increases in the sedunentation rates of whole blood but less 
pronounced in the defibrinated samples. Defibrinated sedimentation rates witli 
globulin values less than 2.9 Gin. per 100 e.e. ranged mostly from 0.01 to 0.2 
mm. per minute (Chart 2) and were frequently above the normal range of 0.01 
to 0.03 mm. per minute.- Defibrinated sedimentation rates increased consider- 
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Chart 3. — • Malaria, o Artificial fever 
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ably up to 0.95 mm. per minute, when globulin levels exceeded 2.9 6m. per 100 
c.c. Since it has been shoivn that albumin does not increase the sedimentation 
rate, but may even slow it,^ the increases in the defibrinated sedimentation rate 
must be attributed to changes in the globulin fraction, quantitatively or qual- 
itatively, or to some other unknown factor. Ham and Curtis- have also noted 
marked elevations in the defibrinated sedimentation rate when serum globulin 
was abnormally increased. They have found, too, a rough correlation to exist 
between the concentration of serum globulin wdien above 3 6m. per 100 c.c. and 
the defibrinated sedimentation rate provided liperaia is not present. 

Other factors which may affect the sedimentation rate and account for its 
lack of correlation with the fibrinogen values obtained on our patients are the 
following: the mean corpuscular volume of the red blood cells, the presence 
of a lipemia, and liver pathology. 

Changes in the mean corpuscular volume of the red blood cells are Imorni 
to affect the sedimentation rate and are not taken into accoimt when the cor- 
rected sedimentation rate is determined.- The mean corpuscular volume of the 
blood during therapeutic fever showed fluctuations as great as -12 to +17 cubic 
microns; these were especially marked during malarial therapy. The presence 
of a lipemia increases the sedimentation rate, but determinations on a number of 
our own patients and observations of othei’s^^ reveal a reduction and not an 
increase of the cholesterol content of the blood in malaria. IVe do not Imow 
whether changes in the cholesterol occur during fever induced by typhoid vac- 
cine or by artificial means. 6illigan and Ernstene* have stated that in liver 
diseases factors other than fibrinogen, among them globulin, maj’' play an im- 
portant I’ole in the determination of the sedimentation rate. They, and others,® 
have observed a rapid sedimentation rate in acute hepatitis and cirrhosis of the 
liver. It is the feeling of Clifford'® that the liver is damaged in malaria and 
liver function tests carried out in this clinic show occasional but transient liver 
damage. In addition progressive reductions in fibrinogen have been observed 
during therapeutic malaria which would tend to corroborate this. However, 
rapid sedimentation rates have been obtained on our patients even when fibrino- 
gen has fallen to the lower limit of normal (190 mg. per 100 c.c. of blood) and 
globulin has remained within normal limits. This does not eliminate the possi- 
bility of qualitative changes in the globulin fraction. 

An attempt has been made by Ropes and co-workers' to explain the incon- 
sistencies between sedimentation rates and fibrinogen values. These workers at- 
tribute the variations in the sedimentation rate to modifications in the physical 
state of the plasma colloids with consequent changes in the electric charges on 
the proteins and red blood cells. Changes in the colloidal state and increases in 
the sedimentation rate may thus occur without any change in fibrinogen or 
globulin values. 

CONCLUSIONS 

1, Corrected whole blood sedimentation rates and plasma protein values 
were determined repeatedly on five patients undergoing therapeutic fever 
(malaria, typhoid vaccine, and artificial fever) for general paresis. 
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2. No absolute correlation could be found between fibrinogen, albumin, 
albumin-globulin, or globulin-fibrinogen ratios on the one hand, and the cor- 
rected sedimentation rate on the other. 

3. The corrected sedimentation rate was increased in most instances when 
globulin values rose to the upper limit of normal (3 6m. per 100 c.c.) and above, 
regardless of fibrinogen levels. 

4. Other factors which may influence the sedimentation rate during thera- 
peutic fever are changes in the mean corpuscular volume of the red blood cells 
and products of probable liver damage. 


REFERENCES 

1. Gilligan, D. E., and Ernstene, A. C.: The Belationship Between the Erythrocyte Sedi- 

mentation Bate and the Fibrinogen Content of the Plasma, Am. J. M. Sc. 187; 
552, 1931. 

2. Ham, H. T., and Curtis, F. C.: Sedimentation Bate of Erythrocytes. Influence of 

Technical, Erythrocj'te and Plasma Factors and Quantitative Comparison of Five 
Commonly Used Sedimentation Methods, Medicine 17: 447, 1938. 

3. Greisheimer, E. M., Johnson, O. H., and Byan, M. : The Belationship Between Sedimenta- 

tion Index and Fibrin Content in Eelativelv Normal Individuals, Am. J. M. Sc. 
177: 816, 1929. 

4. Eopes, M. W., Eossmeisl, E., and Bauer, W.: Belationship Between Ery'throcyte Sedi- 

mentation Bate and Plasma Proteins, J. Clin. Investigation 18: 791, 1939, 

5. Gilligan, D. E.: The Bate of Sedimentation of the Erythrocytes, Cyclopedia Medicine 

Surgery and Specialties, Philadelphia, 1939, F. A. Davis Company, p. 669. 

6. Howe, P. E.: The Determination of Proteins in Blood, a Micro Method, J. Biol. Chem. 

_ 49: 109, 1921. 

7. Folin, 0., and Wu, H.: A System of Blood .Analysis, J. Biol. Chem. 38: 81, 1919. 

8. Howe, P. E,: The Use of Sodium Sulphate as the Globulin Precipitant in the De- 

termination of Proteins in Blood, J. Biol. Chem. 49: 93, 1921. 

9. Cullen, G. E., and Van Slyke, D. D.: Determination of the Fibrin, Globulin, and 

-Albumin Nitrogen of Blood Plasma, J. Biol. Chem. 41: 587, 1920. 

10. Bourke, M. D., and Ernstene, A. C.: Method for Correcting Erythrocyte Sedimenta- 

tion Bate for Variations in Cell Volume Percentage of Blood, J. Clin. Investiaa- 
tion 8: 545, 1930. ^ 

11. Borel, B., Pons, E., Advier, lil., and Guillerm, J.: Cholesterinemie et glycemie dans 

le paludisme en cochinchine, .Ann. Inst. Pasteur 40: 152, 1926. 

12. Clifford, H.: Quoted by Wile, U. J., and Sams, W. M.: Study of Jaundice in Synhilis- 

Its Eelation to Therapy, Am. J. M. Sc. 187: 297, 1934. ' 



DEHYDEATION IN EMBALMED SPECIMENS EXPOSED TO AIE 


P. Lloyd Hansen, M.A., and N. C. Pekvier, Ph.D. 
Minneapolis, Minn. 


O NE of the claims frequently made for glycerin and other polyhydric alco- 
hols as embalming fluid ingredients, is that thej'^ retard the loss of water 
from the subject. We have made a study of this claim from both theoretical 
and practical viewpoints. 

A fresh specimen or body may be regarded as a hydrophylie colloidal sys- 
tem, containing about 60 per cent water. This water content is composed of two 
components ; free watei'i which px-ovides the proper life environment, and bound 
watei', that which is bound to the bioeolloids of tissue through coordinate valence 
linkages. About 25 per cent of the total water may be in the latter form.^ Such 
bound Avater is less susceptible to evaporation loss than the free water. More- 
over, as a result of incipient puti'efaetion, the comple.v colloidal structures be- 
come degraded and begin to lose the power of binding water. Poi-maldehyde fixa- 
tion causes profound changes in protein structures, converting them into insol- 
uble inert products with little xvatei'-binding powei*. jjIs a result of both of these 
processes, it is logical to regard most of the water found in dead animal bodies 
as free water. As such, the water is as free to evaporate as is the water in an 
open dish. The prevention of this loss of water is important in the preservation 
of museum specimens and bodies which must be preserved for a long time. Water 
loss from bodies placed in sealed glass top caskets presents a specially trouble- 
some problem. 

An obvious method of reducing the evaporation is to dissolve additional 
solutes in the injection fluid. All nonvolatile solutes reduce the vapor pressures 
of solutions, in aceox'danee with the law of Eaoult. Those which are hygroscopic 
and form hydrates are most efficient as evaporation retarders. In the tobacco 
industry^ glycerin, ethylene glycol, and diethylene glycol have been sxxccessfully 
added in order to maintain the moisture content of tobacco under storage. It 
has seemed natural to expect that these compounds would also prevent the dry- 
ing out of animal remains even though larger concentrations of water occur in 
them. 

An inspection of the vapor pressure curves of solutions of these compounds 
shows that this expectation cannot be realized to any great extent. In the ease 
of glycerin (Fig. 1) a solution must have a concentration of SO per cent by 
weight in order to remain in equilibrium with air having a relative humidity 
of 50 per cent. If the relative humidity is even 95 per cent, so that evaporation 
is greatly retarded, the solution must still contain 33 pei’ cent of pui’e glyceidn. 
Thus a normal adult body would need to have injected into it over 2.5 gallons 
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Fig. I.— Relative humidity over aqueous glycerol solutions. 



Fig. 2. — Water loss from arterially injected specimens. 
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of pure glycerin in order to prevent water loss from occurring upon exposure to 
air at 95 per cent relative humidity. A greater amount of another compound is 
required if its molecular weight exceeds that of glycerin. In the case of glycol, 
which is the only nonvolatile alcohol having a molecular weight less than that of 
glycerin, about two gallons would be required. It is obviously impossible to 
inject these huge amounts of viscous liquids and we majq therefore, conclude that 
it is impossible to prevent the gradual loss of ivater from a body by adding these 
compounds to the fluid used in injecting it. None of the commercial fluids we 
examined privately contained over 6 per cent of glycerin or similar product when 
diluted according to directions, and it is evident that these would have only a 
slight effect in delaying the loss of water from a body. 

EXPERDIENTAL 

We have measured the desiccation losses of a large number of aridly stored 
hog kidneys ivhieh had been arterially embalmed with aqueous 2 per cent 
formaldehyde solutions containing various concentrations of nonvolatile organic 
solutes. Each kidney was injected through the renal artery with an amount of 
fluid equal to 37.5 per cent of its fresh weight. After injection the renal artery, 
vein, and ureter were tied off, and the kidneys were stored at room temperature 
in large containers over fused calcium chloride. The control kidneys were in- 
jected with plain 2 per cent formaldehyde solution, while the fluid used for the 
others contained in addition, 2.5, 5, and 10 per cent of the following compounds : 
glycerin, ethylene glycol, diethylene glycol, earbitol, and sorbitol. The kidnej'^s 
were weighed every day to determine the loss of water from them. 

Figs. 1 and 2 show the weight changes in the embalmed material Avith time 
in the case of the 10 per cent additions. All the plotted values represent average 
values on several specimens. Except for minor displacements up or doivu due to 
uncontrollable differences in the biological material, the graphs have identical 
slopes and shapes, and are nearly superimposable. Only slight differences in 
water loss are found, and ive may conclude that very little can be done in re- 
ducing the water loss from embalmed bodies unless impracticably large amounts 
of hygroscopic agents are injected. 
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THE USE OF SS (SHIGELLA-SAL'MONELLA) AGAR FOR THE 
ISOLATION OF FLEXNER DYSENTERY BACILLI 
FROit THE FECES^ 


Harry M. Rose, :M.D., and M.vxwell H. Kolodxy, Ph.D. 
New York, N. Y. 


S S (SHIGELLA-SALMONELLA) agar is a new culture medium for the 
isolation of microorganisms of the Shigella, Salmonella, and Eberthella 
groups from the feces. The medium is of the “selective” type, i.e., it is de- 
signed to favor the growth of these pathogens, but to inhibit the eoliform bac- 
teria. This selective inhibition of the fecal bacteria enables very large inoeula 
of feces to be used, ■with a consequently greater chance of cultivating the 
pathogens when they are present in small numbers. Colonies of pathogens are 
coloi’less, whereas any colonies of the nonpathogenie lactose fermenters that 
develop appear red. The medium is similar in purpose to de.soxyeho]ate-citrate 
agar,' the value of which is well-established,- but differs considerably from it in 
composition.t 

^Mayfield and Gober^ have furnished the only report yet available on the 
use of SS agar. These authors examined more than one thousand stool speci- 
mens, of which 101 were positive for E. tijpliosa, and 171 were positive for Sli. 
dysenteriae, chiefly of the Flexner group. Each stool specimen was cultured on 
both desoxycholate-eitrate agar and SS agar, and the results on the two media 
were compared. Of the 272 specimens containing typhoid or dysentery bacilli, 
262 were positive on SS agar, and 249 were positive on desoxj'cholate-citrate 
agar. Cultures were positive on SS agar alone in 23 specimens, and on desoxy- 
cholate-citrate agar alone in 10 specimeas. These authors concluded that SS agar 
was as effleient as desoxycholate-eitrate agar for the isolation of dysentery bacilli. 
They also noted that differentiation between the fecal and pathogenic colonies 
was more clearly defined on the SS agar, and that the medium was economical. 

We have recently had the opportunity to employ SS agar in the bacteri- 
ologic study of a small outbreak of Flexner dysentery. Seventeen clinical cases 
of dysentery were observed, nearly all of which were mild, although several pa- 


•From the Departmtnt.s of Medicine and of Bacteriologrj'. College of Physician'? and 
Surgeons, Columbia University, New York. 
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tSS agar i.s a product of tbe Difco L-aboratorics, Detroit, ilich. This medium and the 
other.s used m thi.s study were purchased on the open market. 

It has the following formula; 

Beef extract .a.O Gm. 

Proteose peptone .5.0 Gm. 

Lactose 10.0 Gm. 

Bile .salts S.5 Gm. 

Sodium citrate 8.5 Gm. 

Sodium thiosulfate 8.5 Gm. 

Ferric citrate 1.0 Gm. 

Agar 17.0 Gm. 

Brilliant green 0.33 mg. 

Neutral red 0.025 mg. 


found'ln''?e'terenccT.''^'“""‘‘" formula for desoxycholate-eitrate 


agar will be 
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tients experienced a severe febrile reaction. Diarrhea persisted in most cases for 
from three to seven days. The stools contained much mncus, bnt were rarely 
bloody. There were no fatalities. 

Bacteriologic examinations of the feces from patients and contacts were 
done in the diagnostic laboratory of the Presbyterian Hospital. This laboratory 
routinely uses for stool cultures desoxycliolate-citrate agar and a nonselective 
medium, eosin-methylene blue agar. SS agar was introduced shortly after the 
outbreak began. 

A total of 225 stool specimens were examined from patients and contacts, 
Dysenteiy bacilli of the Plexner group were isolated from each of the 17 clinical 
cases and from one of the contacts. Altogether, 70 of the 225 speehnens were 
found to he positive on one or more of the three media. Of the positive speci- 
mens, 14 were cultured on eosin-methylene blue agar and desoxycholate-citrate 
agar. SS agar with either eosin-methylene blue agar or desoxycholate-citrate 
agar was used for 26 specimens. Tiie remaining 30 specimens were cultured on 
all three media. 

Table I 

COitPABATITO EfFICIEXCY OF EOSIX-ilETUYLEXE Bl.VE Ag^VR, DESOXYCHOL.VTE-ClTR.m Ag.IK/ 

AND Shigella Salmonella Aoar for the Isol.vtion op Elexner Dysentery Bacilli 


RESULTS ON INBIVIDC.YL MEDIA 


70 POSITIVE SPECIMENS 1 

EMB 

AGAR j 

1 DC AGAR 

1 SS AG.tB 

COMBINATIONS OP MEDIA USED 

Xt’MBER 

POSITIVE 

KPitBER 1 

negative ! 

Xt'MBKR i 
POSITIVE ' 

XL'MBER 

KEGATIYE' 

NUMBER j 
rOSlTtVE 

NUMBER 

NEGATIVE 

EJIB anci DC, 14 specimens 

EMB and SS, 20 specimens 

7 

7 1 

13 ; 

1 

- 

- 

9 

11 

, 

^ 1 

SO 

0 

DC and SS, 0 specimens ] 


- 

o 

1 

(! 

0 

EilB, DC, and SS, 30 specimens ; 

10 

20 

25 

5 

2.0 

1 

Total positive and negative on ia-l 
dividual media 1 

20 

38 

43 

i 

7 

55 

i 1 

1 

Per cent positive on individual 
media ; 

j 40 

1 80 

1 

! 9S 


The results of cultures on the four combinations of media are given in Tabic 
I. Eosin-metlijdene blue agar yielded 26 positives out of 64 cultures in whieli 
this medium was used, an incidence of onlj' 40 per cent. The onltnres on 
desoxycholate-citrate agar were positive in 43 of 50 specimens, or 86 per cent. 
SS agar was positive in 98 per cent of cultures, only one specimen out of 56 
being negative on this medium. 

The data indicate clearly that a large proportion of the positive specimens 
would have been considered negative if the nonselective medium alone had been 
employed. Moreover, most of the isolations on eosin-methjdene blue agar were 
obtained from patients early in the coui-se of their disease, when many dysentery 
bacilli were being constantly excreted in the stools. After the diarrhea had sub- 
sided, however, and the pathogenic bacteria were excreted only intermittently 
and in small numbers, the value of the selective media became even more ap- 
parent. In 7 patients, from two to sLx weeks after symptoms had disappeared 
and the persons were apparently healthy, these media revealed 22 positive 
stools. The same stools were eompletety negative wiien cultured on eosin- 
methylene blue agar. 
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A comparison of the cultures on the two selective media shows that SS agar 
was somewhat more efficient than desoxj'cholate-citrate agar for the isolation 
of Flexner dysentery bacilli, although the number of specimens examined was 
relatively small, and no statistical evaluation of the media could be made. How- 
ever, the SS agar was found to be superior to the desoxycholate-citrate agar in 
three noteworthy respects: (1) The inhibition of coliform bacteria w'as more 
marked; (2) the colonies of dysentery bacilli were more clearly defined; (3) the 
colonies of dysentery bacilli were usually more numerous. 

Our findings, therefore, confirm those of Mayfield and Gober,^ and indicate 
that SS agar is a valuable selective medium for the isolation of Flexner dys- 
entery bacilli from the feces.‘® We feel that the use of SS agar will increase the 
efficiencj’’ of methods for the bacteriologic examination of the feces, a matter of 
importance to the public health from the standpoint not only of diagnosing 
enteric disease, but also of recognizing carriers of the intestinal pathogens. 


CONCLUSIONS 


SS agar is as efficient as desoxycholate-citrate agar for the isolation of 
Flexner dysentery bacilli. 

The medium is superior to desoxycholate-citrate agar as regards inhibition 
of coliform bacteria, colony differentiation, and growth-promoting qualities for 
the pathogens. 

The combination of SS agar and a suitable nonselective medium furnishes 
a reliable method for the isolation of the intestinal pathogens. For maximal 
efficiency two or more plates of the selective medium should be employed. 
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A NOTE ON TPIE “BLACK LINE” IN HEMATOCRIT 
DETERMINATIONS® 


J. Percv BAUiiBERGER,! D.Sc., Staxfokd Uxwersity, Calif. 


I T BIAY be a common observation that a narrow black band appears in hemato- 
crit determinations at the top of tlie erytbrocj't'e column, though the text~ 
booivs of liematolog}’*"'^ and the literature^'" here listed make no reference to it. 
Neither Hedin in his pioneer work on the hematocrit nor Koeppe, who hvst de- 
scribed the development of translucence of eiythroeytes when blood is cen- 
trifuged in hematocrit tubes at high speed, makes mention of the black line. It 
is, therefore, considered worth while to mention this phenomenon and to de- 
scribe some simple e.spcriments which cstablisii its nature. 

Oxalated human blood drawn directly from the cubital vein is introduced 
into lyinti-obe hematocrit tubes capped with rubber, and centrifuged at about 
2,500 r.p.m. for ten minutes. The tubes then show a lower column of erythro- 
cytes and an upper column of plasma with about one division (1 per cent) of 
leucocytes above the erytlirocjdes. Immediately below the leueocjdes a dark 
line is present, I’aiyiug in intensity and width, but usually equal to about 0.5 
per cent bj’' volume. When hemolysis is great, black lines are seen both above 
and below the 16110003^63. 

The plasma and leueoeides 11133' be pipetted off witliout disturbing the 
black la3mi’, but it disaiipears on standing exposed to air, becoming red. If 
saline solution is now added to the 100 per cent mark,, and the eiytliroc3’tes are 
resuspended and then centrifuged down, no dark line appears, obvionsl3' be- 
cause there are no leiicoc3des to consume the o.x3'gen. However, if a few 3'east 
cells, Gcrevisiae, are noiv added to tlie top of the saline, in the above experi- 
ment, and are then centrifuged down, so that the}- rest on the top of the eiythro- 
cyte column, the dark band reappears as a result of o-vj’geu consumption hy 
the yeast cells. If blood is chilled and, while ice cold, is introduced into the 
hematocrit, on centrifugation, no black line appears at first but develops after 
a few minutes’ standing at room temperature, when it increases in iv'idth grad- 
uallj' until a maximum width is reached. If tlie temperature is now increased 
to 37° C., the black line again increases in width with time, finally reaching a 
new maximum width of not more than 1 per cent. The width of the line is a 
function of the rate of o.vTgeu consumption by the leucocytes as influenced by 
temperature. 

Evidentty the black line is a la 3 mr of eiythroe 3 ffes in which the oxyliemo- 
Mobin bas been reduced to hemoglobin by the metabolic activity of tlie leucocytes. 

~ ^rom cue Kesearch nepartment of the Barnard Free Skin and Cancer Ho.sj)it.aI. .St. Louis, 

tPresent address : Physioloej' Department. Stanford Universit.v, Calif. 
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The black line is thus reversible and can be produced by any agency using up 
oxygen locally at a rate greater than the diffusion rate of oxygen in the plasma 
or from distant erythrocytes. Perhaps the rate of increase in width of the line 
may be a useful indicator. For instance, if the width of the line is unequal in 
two samples of blood, while the leucocytic count is equal, one would expect a 
qualitative difference in the leucocytes. 

I wish to acknowledge tlie helpful advice of Dr. Carl Aloore, AVashington University itedi- 
cal School, and the kindness of Dr. AV. C. Herold. St. Louis, in furnishing blood samples. 
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A JIICROBIOLOGICAL ASSAY METHOD FOB SIX B VITAMINS 
USING LACTOBACILLUS CASEI AND A MBDIUil OP 
ESSENTIALLY KNOWN COMPOSITION* 


JiLi-URiGE L^ucqy, Ph.D., and Dokothy AI, Dicken, M.A. 
Chagrin Falls, Ohio 


TT IS generally agreed that there is a great need in current vitamin research 
for rapid methods for the quantitative determination of vitamins. This is 
particularly true in the case of the vitamins of the B complex. 

Since many B complex vitamins required by animals are essential in bac- 
terial metabolism, microbiological assaj-s, i.e., mtamin assays employing micro- 
organisms as test agents, have rapidly gained approval. As our knowledge 
of bacterial nutrition has accumulated, these procedmes haim increased in 
number and have been revised and amplified. Microbiological assays are not 
only extremely sensitive to minute amounts of test material, but are accurate 
as well, and have the additional advantage over animal assays in being rapid 
and inexpensive. Furthermore, in the case of folic acid, microliiologieal tech- 
nique is the only known method of assay. 

Microbiological procedures in current use include assays for riboflavin 
(Lactobacillus cascij,' pantothenic acid (L. casei),- pyridoxine ( Saccharojiiyces 
ce7-evisiae),^ nicotinic acid (L. arabinosus),^ folic acid (Streptococcus lactis),^ 
and biotin (S. cerevisiae, Clostridiuui hutijlicmi).'’” ■ During the preparation of 
this manuscript a paper by Shull, Hutchings, and Peterson® describing a micro- 
biological assay for biotin utilizing L. casei appeared. Prom the foregoing 
examples it is obvious that microbiological assays of the various B vitamins 
have necessitated use of a variety of organisms, culture media, and test con- 
ditions. Although the majority of these assays has been satisfactory, it would 
obviously be advantageous to have a single aeidimetric method for members 
of the B complex, using oidy one test organism and a simplified basal medium 
of known composition. The organism presenting the greatest possibilities as 
an assay agent under these conditions is L. caseif because (1) its nutritional 
requirements have been extensively investigated and have been found to in- 
clude a majority of the B complex vitamins; (2) its acid production, which 
is easily and accurately determined, is a function of its growth; and (3) many 
laboratories are already familiar with its use in riboflavin and pantothenic 


acid assays. 

At the time this study was begun, the status of the nutrition of L. casei 
was as follows ; It had been demonstrated that this organism required ribo- 


*From the Besearch Laboratories, S. M. A. Corporation. Chagrin Fails, Ohio. 
Beceived lor publication, February 27, 1942. 
fAmerican type culture collection No. 7469. 
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pantothenic acid/« nicotinic acid/® and pyridoxiiied^ The essential 
growth iactors of unknown composition, other than those possibly present in 
hydrolyzed casein, were supplied by yeast extract and could be separated by 
adsorption on norit A into “filtrate” and “eluate” fractions. Evidence had 
been presented indicating that the activity of the eluate fraction was due to 
“folic acid.”®’'- However, the composition of the filtrate fraction was still 
unknown. 

We, therefore, undertook (1) replacement of the yeast filtrate fraction 
^nth known substances i\d 2 ieh u’oiild permit inaximiim growth of L. casei in a 
medium of essentially known composition, and (2) thus, having determined 
the nutritional requirements of L. casei, to use this information in establishing 
assay procedures for the various vitamins this organism requires. 


experoiextal 


At the time our studies on the nutrition of L. casei were begun, an investi- 
gation was in progress in this laboi’atory on the use of avidin in determining 
the biotin requirement of microorganisms.'® A correlation had been established 
between growth inhibition l)y avidin and the biotin requirement of an organ- 
ism. In general, those organisms which have been found to require biotin 
supplied in the culture medium were inhibited by avidin, while those organisms 
which were found to synthesize biotin''* were not affected. The growth and 
acid production of L. casei were completely inhibited by avidin, and this in- 
hibition could be readily reversed by the .subsequent addition of crystalline 
biotin. This was taken as evidence that L. casei requires biotin as a growth 
essential. 


Employing the basal medium of Snell and Peterson'' containing pyridoxine 
and filtrate fraction of yeast extract as prepared by them, and with their norit 
eluate fraction replaced by “folic acid” in excess, we found that biotin would 
replace the filtrate fraction, yielding equivalent growth. Since Ave have not 
always been able to obtain maximum groAvth with the filtrate fraction, it Avas 
•suspected that this constituent might contain insufficient biotin to support 
maximum groAvth. Biotin assay® of the filtrate fraction revealed that Avhen 
prepared and used according to Snell and Peterson, a culture Avould be sup- 
plied Avith O.OOOly of biotin. This amount Avas subsequently found insufficient 
for maximum groAvth of L. casei.^' Peterson has recently stated, “the filtrate 
fraction can be replaced by biotin, thus leaving the eluate fraction as un- 
known.”" However, no eAudence Avas offered to support this statement. 


In an effort to obtain maximum groAvth consistently the effect of a variety 
of growth acce.ssory substances AA’as investigated. As a result of the findings 
of Snell and ^litchell'® that purine and pyrimidine bases are groAAdh .sub.stanees 
for lactic acid bacteria, adenine, guanine, xanthine, and uracil Avere included 
in the medium. These bases, together Aidth biotin and folic acid concentrate, 
consistently supported maximum groAvth. We later added asparagine, since 
*”"1 Strong'® had found it to be a growth accelerator, particularly 


ti tests with Snell and Peterson's nitrate fraction, and as a result nf « 

^jmaVaiV'^ ‘ It would appear likely that under their conditions of test, the flltratP^ 

^ portion of the total biotin necessarj' for maximum jrrowUi The fraction 

biotin nccessan*' for maximum growth was probably supplied bv their noVit 
since their inethoa ot preparation might also concentrate biotin. concentrates. 
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(luring the first twenty-four hours of incubation. The vitamins and growth 
accessories, as given in Table I, completely replace yeast extract, which is 
considered'*- the best source of growth essentials for supporting maximum 
groivth and aeid production of L. casei. 


Table I 

CoJtPLETE AIedium poi! Lactobacillu.s Casei 


Casein hydrolysate 

Sodium acetate (ITaC.HjO; . 3 inO) 

Glucose 

Asparagine 

Tryptophane 

Cystine 

Salt solution A 
Salt solution B 
Guanine hydrochloride 
Adenine sulfate 
Xanthine 
XJradt 

Thiamine hydrochloride 
Biotin (free acid) 

Folic acid concentrate (50 per cent folic acid) * 
Riboflavin 

Calcium pantothenate 
Nicotinic acid 
Pyridoxine hydrochloride 
Distilled water to 


0.5 Gm. (dry weight) 
0.6 Gm. 

1.0 Gm. 

25 Mg. 

10 jog. 

10 mg. 

0.5 c.c, 

0.5 c.c, 

500 lig 
500 ng 
500 ng 
500 (ig 
10 ng 
0.3 ng 

1 . 0 /ig 

20 Mg 
20 Mg 
20 Mg 
40 Mg 
100 c.c. 


pH adjusted to 6.S 


Salt solution A 

K-HPO, 5 Gm. 

HH-PO, 5 Gm. 

Water SO c.c. 


Salt solution B 

MgSO, . 7 H.O 10 Gm. 
NaCl 0.5 Gm. 

Fe,SO, . 7 H.O 0.5 Gm. 

llnSO^ . 2 H.O 0.337 Gm. 

Water 250 c.c. 


•Kindly supplied bj' Dr. R. J. -(ViHiams, Department or Chemistry, University of Texas, 
Austin, Texas. 


Medium. — ^The composition of our complete basal medium is given in Table 
I. It is essential that all constituents be of the highest purity. Best results 
are obtained if the medium is prepared .just before use. Stock solutions of 
tryptophane, cystine hydrochloride, salt solutions A and B, and purine bases 
may be kept on hand, using toluene as a presei-vative where necessary. Since 
the purine and pyrimidine bases are not readily soluble in water, it has been 
found convenient to dissolve them in the casein hydrolysate. After the addi- 
tion of riboflavin to the medium, exposure to light should be avoided. 

It is necessary that great care be taken in the preparation of the casein 
hydrolysate, since this is the only constituent whose composition is not chem- 
ically defined ; it is, therefore, the only source of variation. Purified or “vitamin- 
free casein’’* should he repreeipitated several times in order to remove traces 
of interfering vitamins, paz*tieularly nicotinic aeid and pyi'ido.xine. Bepreeipi- 
tation is followed by the usual aeid hydrolysis, and the resulting hydrolysate 
is treated with activated carbon, primarily for the removal of any biotin 
present. Culture medium containing casein hydrolysate prepared in this fashion 
supports maximum growth of the test organism and yields satisfaetoz-y blanks 
for all the six vitamin assays. 


*ArrAi+ of this type are “vitamin free" to the extent of beinff satisfactory 

asBays,^but they contain small quantities of vitamins suilioent to mterterg yim mic 


assays. 


for animal 

microbiological 
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llepreciintation of Casein.— To one liter of distilled ^vater at 50° C. 100 Gni. 
casein are added gradually Avith stirring. This mixture is stirred for thirty 
minutes, 3 (!m. of sodium l)iearl)onate (di.ssolved in a convenient A'olume of 
water) are added, and the stirring is eontiuued until the caseiii is di.s.solved. 
it may he nece.ssary to add more Avater. ^\ hen the solution is complete, the 
pH is adjusted to 4.() with 10 per cent hydrochloric acid. The casein precipi- 
tate is allowed to settle and is removed by filtration. The reprecipitation 
procedure is repeated several time.s, depending upon the purity of the original 
casein. As a rule, several reprecipitations are nece.ssary before .sati.sfactory 
blanks can he obtained in culture medium prepared Avith the resulting hy- 


drolysate. 

Preparation of Casein JlijdroJijsatc . — One hundred grams (dry Aveight) of 
the repreeipitated casein are hydrolyzed Avith 500 c.c. of 25 per cent .sulfiAric 
acid for ten houi’S at 15 pounds pressure. The sulfuric acid is neutralized Avith 
barium hydroxide and the barium sulfate is removed by filtration. 

Treatment of Casein II ndreAijsate With Activated Carbon .^ — Casein hydro- 
lysate solution in a concentration of 10 per cent (total solids) is acidified to 
pll 3 and treated with Xuchar (1 Cm. of Xuchar to 10 Cm. of casein). The 
mixtui-e is stirred for one hour and filtered thi-ough Filter-cel. The re.sulting 
hydroly.sate may be preserved under toluene or sterilized by autoclaving. 

Assay Procedure . — When Ave succeeded in obtaining maxinnun groAvth of 
L. casei in a medium of essentially knoAvn composition, Ave turned to the prob- 
lem of establishing a.ssay procedures. It Avas found that, for any one essential 
vitamin, groAvth and acid production Avere consistently proportional, Avithin a 
limited range, to the amount of vitamin supplied. This quantitative response 
formed the basis for the folloAA'ing assay method : 

For the a.ssay of any one of the six vitamins, basal medium of twice the 
concentration given in Table I is prepared Avith the omission of the A-itamin 
under test. Dilutions of the sample to be as.saycd are placed in culture tubes 
with sufficient distilled water to make a total volume of 5 c.c. in each tube. 
Five (uibic centimeters of medium (twofold concentration) are added, giving 
a final total volume of 10 c.c. per tube. Similarl 3 % dilutions of the vitamin 
used as a standard are prepared. The tubes are plugged Avith cotton and 
sterilized at 15 pounds pressure for fifteen minutes. After cooling, the tubes 
are inoculated Avitli a suspension of L. co.vei and are incubated at ^1.5^ C. for 


seventy-tAvo hours. FolloAvinir incubation, the amount of groAvth is determined 
by titration of the acid produced, using 0.1 .X sodium hydi-oxide. Titration 
may lie colorimetric with bromthymol Idue as the indicator, or electrometric, 
using either gla.ss or quinbydrone electrode. Values obtained from the dilu- 
tions of the vitamin standanl are u.sed to eon.strnct a standard curve from 
winch the vitamin content of any dilution of sample may be calculated. Typical 
standard curves for all six vitamins rciiuircd by L. ca.sei are presented in Fig. 1. 

Prrpaialwn of Inoculum.— i^Un-k cultures of L. casei are carried in j'ea.st 
dextrose agar stabs and are transferred as recommended bv .Snell and .Stroim > 
twenty-, •.n„..l„n,r culture of L. casei in 10 c.e. of yea.^t dextrose brothls 
‘wi^uged. and the bacteria are wa.shed in 10 c.c. of 0.S5 per cent .sodium 

X'Kliar XXX. ln,lu.-.tri.il Ch.-mic.il .S:,|.-.s Co.. Inc.. :;3ij I-aik Ave.. X..-W York. X. A'. 
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chloride solution. The washed sediment is resuspended in 4 c.c. of saline, and 
1 c.c. of the resulting suspension is added to 85 c.c. of saline. One-tenth cubic 
centimeter of this dilute suspension per tube serves as the inoculum. 






Pig. 1 standard assay curves for six B vitamins using- LactoiaciUus casei and a medium of 

* essentially known composition. 

DISCUSSION 

From the data presented, it is clear that excellent growth of L. casei is 
obtained when riboflavin, pantothenic acid, nicotinic acid, folic acid, pyridoxine, 
and biotin are supplied in a suitable basal medium. Omission of any one of 
these essential vitamins will result in absence of groivth and acid production. 
In the ease of pantothenic acid, riboflavin, folic acid, and pyridoxine perfect 
blanks (no growth or acid production) were obtained. In the nicotinic acid 
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and biotin blanks a small amount of growth occurred, equivalent to approxi- 
mately 1.0 c.c, of. 0.10 N acid. Blanks of this magnitude are not prohibitive 
and do not interfere with accurate assay determinations. These blanks are due 
to traces of nicotinic acid and biotin which may ultimately be removed from 
the con.stituents of the medium. 

For all six vitamins growth and acid production arc, within a limited 
range, proportional to the concentration of the vitamin under test, Ihc ex- 
treme upper and lower portions of the standard curve do not give reliable 
results, and only the portion of the curve which is linear, or approximately so, 
should be used for the calculation of assay values. When solutions or extracts 
of samples arc run at .several dilutions that fall within the accurate portion of 
the standard curve, values obtained at these different levels check closely. 

The amount of each essential vitamin ncee.ssary for detectable growth of 
//. cu.sci differs from one vitamin to another, but is minute in every ease. This 
response to such small quantities provides sensitive tests for these vitamins. 
Because of this sensitivity, a .sample to be a.ssayed may be considerably di- 
luted, th»is eliminating or reducing the effect of nonspecific growth-stimulatory 
substanee.s. 


Breparatiori of the sample is an itnportant part of the test, and one which, 
in the past, has not received the attention it merits. Biquid samples or water- 
soluble materials may be assayed without further treatment. Where the sample 
is particulate, autoclaving in large volumes of water at acid pTf will, as a rule, 
provide quantitative extracts of rno.st of the B complex vitamins. Tfowever, 
where the vitamin exi.sts in combined form, as in the ease of biotin, it is neces- 
sary to hydrolyze the sample in order to release the vitamin for utilization by 
fj. aiHci. The methods for preparation of .samples and the importance of such 
procedures, espceially for biotin assay, have recently I)een reviewed.^’ 

The vitamin content of various naturally occurring materials and concen- 
trates was determined both by our a.s.say procedure and by established 
microbiological methods. Such parallel comparison assays of yeast and rice 
bran concentrate for riboflavin by the Snell and Strong method and for 
I)antothenie acid by the method of Pennington, Snell, and Williams were 
in excellent agreement, while I'csults of our biotin assay of a biotin concentrate 
compared favorably with values obtained by the yeast growth method of Snell, 
Bakin, and Williams. Although comparison with other methods has not been 
made for nicotinic acid, folic acid, and pyrifloxinc, it is probable that satis- 
factory res\iUs wovild l)e obtainetl, since the response of L. casci to these vita- 
mins is similar in sensitivity, magnitude of blank, and type of .standard curve 
to that obtained with riboflavin, pantothenic acid, and biotin. 


.SU.M.MAHY 


1. Jraximiim growth and acid production of L. casei have been obtained in a 
medium in which all constituents, except casein hydrolysate, are chernicallv 
defined. ' ^ 


the 


2. U.sing this medium of essentially known composition with 
assay agent, it has been po.ssible to establish a general a.ssay 


fj. casei as 
procedure 
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for the vitaniiiLs cssrutiiil for growtli and acid produrtiou by this organism, 
viz., pantothenic acid, riboflavin, nicotinic acid, pyridoxiue, folic acid, and 
biotin. 
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ON THE DETERiMINATION OF URINARY CHOLESTEROL" 


Maurice Bkuger, j\LD., and Sylvia B. Ehrlich, A.B. 
New York, N. Y. 


I N 1933, ilirsky' described a colorimetric procedure for the estimation of 
urinary cholesterol based upon the observation of de Toni," who found that 
the tungstic acid precipitate of blood contained all the eholesterol. The method 
proposed by ilirsky utilized the addition of a 50 per cent solution of sodium 
tungstate to urine, and the subsecpient slow addition of concentrated sulfuric 
acid to precipitate the tungstic acid. When observations on the excretion of 
cholesterol in the urine in patients with cancer were begun in this laboratory,^ 
it was found that this procedure, at times, failed to recover satisfactory amounts 
of serum eholesterol added to the urine. It was assumed that urines, particu- 
larly from persons without renal disease, contained an insufficient amount of 
protein to carry down all the cholesterol. The addition of egg albumin to the 
urine ivas found to be a necessary .step in order to obtain satisfactory recoveries 
of added cholesterol. 

Preparation of Efjg Albumin Solution . — The separation of the egg albumin 
from the yolk must be done carefully, since it is known that egg yolk contains 
appreciable quantities of eholesterol. The egg white was diluted with 9 vol- 
umes of distilled water and the solution was filtered through fluted filter paper. 
The eholesterol content of each liatch of diluted egg albumin was determined ; 
small amounts of cholesterol were invai'iably pi’esent, but the quantities in 
different liatehes were found to be remarkably constant (0.15 mg. in 100 c.c. 
of diluted egg albumin solution). Corrections for the cholesterol content of 
the added egg white were made in final calculations. 


WETHOD 


One hundred cubic centimeters of urine are placed in a 150 c.c. beaker or 
othei- suitable container. The mine is acidified with 0.5 c.c. of concentrated 
sulfuric acid, and 10 c.c. of the diluted egg albumin solution are added. After 
mixing, the albumin is precipitated by the addition of 5 c.c. of 10 per cent 
solution of sodium tungstate. The contents are again well mixed, and the 
precipitate is allowed to settle out for five to ten minute.s. The solution is now 
filtered through a fluted filter ]niper (previously rendered fat free by washing 
in alcohol and ether). 3'he protein precipitate is washed repeatedly with hot 
distilled water; the extent of the wa.shiiig varies with the quantity of urinary 
pigmen t in the protein coagulum (50 c.c. to 100 c.c. of water usually suffice). 


. Itorarcli Iviboratoo*. Department of ifedicine 

.lie Mctlical Scliool and Ilospilal, Columbia I’liiver.slly, Xew York. ’ 

Itecelved for publicaiion, Jtuiuary JS, 1912. 


Xew York Po.st-Gradu- 
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The precipitate and filter paper are transferred to a 150 c.c. beaker, and 30 c.c. 
of a 3 :1 alcohol-ether mixture are added. This is allowed to stand for fifteen 
to thirty minutes or, if more convenient, overnight. The beaker is then placed 
on an electric hot plate. The contents arc brought to a boil and are then 
filtered through fat-free filter paper into another beaker of the same capacity. 


T.vnLE I 

Eecoveuy op Added Serum Cholesterol 


KO. 

URIKE 

DILUTED EGG 
ALBUMIK iVDDED 

SERUM 

CHOLES- 

TEROL 

ADDED 

(MG.) 

UKIXARY CHOLESTEROL 

GAIN 

OR 

LOSS 

m 

VOL. 

(C.C.) 

CHOLES- 

TEROL 

(MG.) 

VOL. 

(C.C.) 

CHOLES- 

TEROL 

(MG.) 

CALCU- 

LATED 

(MO.) 

FOUND 

(MG.) 

I 

■Cil 

0.22.1 

10 

0.015 

i 

0.371 

0.397 

+7 


■Ptl 

0.223 

10 

0.015 


0.504 

0.458 

-9 


200 


10 

0.015 


0.636 

0.620 

-2 


100 

0.223 

10 

0.015 


0.769 

0.781 

+1 

II 

100 

0.12S 

10 

0.015 


0.317 

0.298 

-6 

III 

100 

0.171 

15 

0.023 


0.327 

0.324 



100 

0.171 

15 

0.023 

0.266 


0.463 



100 

0.171 

15 

0.023 

0.39S 

0.592 

0.551 

-6 


100 

0.171 

•15 

0.023 


0.725 

0.688 

-0 

IV 

100 

0.141 

10 

0.015 



0.806 

-2 


100 

0.141 

10 

0.015 


0,953 

0.993 

+4 

V 

200 

0.114 

10 

0.025 

0.030 

2.059 

2.063 

■■ 


100 

0.114 

10 

0.015 

1.063 

1.192 

1.230 



100 

0.114 

10 

0.015 

1.195 

1.324 

1.351 

& 


T.\ble II 


Duplicate Deter.mi.vatioks 


VOL. OF 
URINE USED 
(C.C.) 

TOTAL CHOLESTEROL 
(MG.) 

TOTAL CHOLESTEROL 
(MG./lOO C.C.) 

MEAN 

DEVIATION 

(7c) 


B 



2 X 300 

0.670 

0.714 



5.3 

2 X 300 

0.682 

0.688 

0.227 

0.229 

0.4 

2 X 300 

0.701 

0.707 

0.234 

0.236 

0.4 

2 X 300 

3.947 

3.750 

1.316 

1.250 

2.6 

2 X 300 

0.444 

0.460 

0.148 

0.153 

1.6 

2 X 300 

0.559 

0.547 

0.186 

0.182 

1.1 

2 X 300 

0.556 

0.559 

0.2S5 

0.1S6 

0.3 


Two additional extractions with alcohol-ether are made, and the filtrates are 
combined. The alcohol-ether extract is placed in an incubator (37° C.) and 
evaporated to dryne.ss. To the dry residue in the beaker 30 c.c. of petroleum 
ether (B. P. 30° to 50° C.) are added. The beaker is placed on a hot plate 
and the petroleum ether is evaporated to approximately 10 c.c. volume. This 
is filtered through fat-free cotton or filter paper into another beaker; two 
additional petroleum ether extractions are caiTied out, and extracts are com- 
bined. This extract is placed in an incubator (37° C.) and is evaporated to drj'- 
ness. The residue is extracted with 5 c.c. of chloroform, the chloroform extract 
is transferred to a graduated cylinder of 10 c.c. capacity; 2 c.c. of acetic an- 
hydride and 0.1 c.c. of concentrated sulfuric acid are added. A standard solu- 
tion containing 0.5 mg. of cholesterol in 5 c.c. of chloroform is prepared simul- 
taneously for the development of the Liebermann-Burehard color reaction.* A 
red filter (Wratten 71-A) is used to facilitate color matching. 
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Calculation . — x 0.5 x = mg. cholesterol in 100 c.c. of urine 

Ky .A- 

Where B, = reading of standard 
H„ = reading of unknown 
X = volume of urine extracted 

For the determination of cholesterol in normal urine approximately 300 e.c. 
of urine must be extracted if the twent}’'-four-hour-urine volume does not exceed 
1,500 c.c. With dilute urines, larger amounts mast he extracted. This is done, 
preferably, by working with 100 e.c. quantities and combining the petroleum 
ether extracts. 

RESULTS 

Tables I and II are self-explanatory. The satisfactory reeovei-.v of added 
cholesterol to urine and the elo.se correlation of duplicate determinations are 
shown in the protocols. 

,SU.MMARY 

A satisfactory colorimetric proeediu'e for the determination of urinary 
cholesterol employing the addition of egg albumin to bind the cholesterol is 
described. 

REFEREXCES 

1. !Mirsky, I. A.: A ^tethod for the Colorimetric Determination of the Urinary Cholesterol 

J. Lab. & Cr,i.v. .Med. 18: 1063, 193.0. ’ 

2. de Toni, G. M.: The Colorimetric Estinmtion of Cholesterol and Lecithin in Blood in 

Connection With Folin-Wu’.s System of Blood Analysis, J. Biol. Chem. 70: 207 
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3. Bruger, M., and Ehrlich, S. B.: Unpublished results. 

4. Mirsky, I. A., and Bruger, M.: -A Xote on the Liebermann-Burchard Color Beaction for 

Cholesterol, J. Lab. & Clix. Med. 18: 304, 1932. 



AN niPROVEI) PVTvNO:\tETBTl POP Br.OOl) SERLAP" 


R. A, JIOUTKXSKN, Pll.f)., [iOMA lilXDA, OaMI'. 


r^OR the direct detenniiiatiou of the .specific piriivity of blood serum, a.s well as 
* for the standardization and ciiecking of tlie various indirect melhod.s, a spe- 
cially constructed specific p:ravity bottle, introduced by -Moore and Van Slyke,' 
has been extensively used. However, precise ad.iustn!ent of the volume of the 
liquid is generally troui)lesome. The uncertainty of seating of the ground .stop- 
per and the tendency of .seruni to seep uj) hy eainllary attraction between the 
.stopper and the neck cause significant errois unle.s.s time-eon.snming measuies are 
taken for their prevention. These difficulties are not encountered in a pyknoni- 
eter of the pipette type, such as the one employed ))y Brown and C'laz-k,- but it Is 
always neee.ssary to adjust the inenrseus in tlie capillary exactly to a calibration 
mark. The pyknometer here described pz-ovides a more z-apid azzd jzrecise meas- 
uremeut by utilizizzg tlze prizzeiple of automatic volume adjustment employed in 
the Avell-kziown Treuuer blood-diluting pipette. 

This pyknometer, which is not difficult to construct, consists of a thin-walled 
bulb D sealed to bent capillary tubes C and E, a.s sliowzi in Pig. 1. The internal 
diameter of E is about 0.5 mm., and that of (’ is somewhat greater, but the tip A 
is drawn dowzi to approxiznately the sazne size as E. The end of the capillary at 
H is a ground and polished surface at right angles to the longitudinal axis, zuzd 
repx’esents the point to wliieh the licpiid is brought in filling the device. A .small 
bulb F serves to prevent the licpxid from entering the capillary G too rapidly 
after filling the main bulb. 

Sizes froixx 1 to 2 ml. have heezi fouzid to he satisfactory. If znaziy sazzijzle.s 
are to be zneasured, a eoizsideiable saving in lime may be effected by eoiistmethiff 
the pyknometer to eoutaiu an integral number of grams of water at 20° C. This 
is aecozuplished conveniently Izy expanding or shrizzkizig tlze bzzlh hefoz-e hezidizzg 
the capillary stems. Suhseqneizt bending of the tubes iwodnees a sliglit decrease 
in volume, permitting final adjustment to be made by ezilaz-gizig the eapillazy 
at R and grinding the tip. 

In izsing the pykziozneter, a rubber suction tube is attached to the end I, and 
the serum contained in the short test tube T is drawn up to the small Imlb B. 
Tlze test tube is then tilted at an azigle while the ezzd E is lowered, permitting 
the liquid to flow to II hy gz'avily azzd capillary act ion. The pyknometer is next 
reznoved from the test tube and quickly wiped with a dazzzp cloth, wliile A is 
maintaizied at a slightly higher level than If in order to Ic.ssen the chance of 
di’awing the liquid away from the lattei. 

ileasureznents are made af room teznpez-ature and the weight at 20° C. is 
estizuated by applying a suitable correction. The zuizziher of iziilligrazns to be 


•From the Department of Biocl>emistr5-, ScZiool of Aleilicine, College of ifeaical Evj 
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added to, or .subtracted from, the weight at room temperature to give 
at 20° C. mav be obtained from a chart prepared by lloore and 1 an bijke. ' 
111 order to avoid warming the liquid, the pykiiomcter is filled as quieldy as pos- 
sible, care being taken to handle it only by the stems at points well removed 
from the bulb. Loss of Ikiuid due to expansion during weighing may be pre- 
vented by forcing a small drop out of the capillary at /f. itli these precau- 
tions .satisfactory results can bo obtained without the use of a thermostat. 
Evaporation of the serum will ordinarily cause no significant decrease in u eight. 
In one test tlie loss was Ic.ss than 0.1 mg. when the filled pyknometer was left 
in the balance case for one-half hour. 



Fig. 1. — Pipette pyknometer with automatic volume adjustment. 

The pyknometer is capable of yielding results which are accurate within one 
or two units in the fourth decimal place, until a minimum expenditure of time 
and effort. In a long scries of measurements' on the same sample, using the 1 ml. 
size which was cleaned, dried, and refilled for each determination, the maximum 
deviation from the mean specific gravity wa.s le.ss than 2 x 10'*. 

Although designed for use with blood serum, the device obiiously may be 
employed for dctcniiining the specific gravity of other aqueous solutions. 




1. .Mgore, X. .S., aii,l Van .Slyke, D. U.: The Relationship Between Pla.-nia Specific Gravitv 

J. Clin. Investigation 8: .337. 193o’ 


Plu.sma Protein Content 

3. Brown, H. K. .Ir., and Clark, W F.: Pla.-ma , Specific Gravity anif “control 'of 'Fi’uhi 
.\dmim.stration in .'irtilicial l ever, Proc. Soc. E.vper. Biol, i- Me,]. 40- 400 lO'm 
ctcr.s, .1. P., and Van Blvke, 1). B.; Quantitative Clinical Chemistry, Vol. II. Methods 
iluItiiMore, Williiviiib & Wilkins Conipuiiv. * ' * 


Pvt 



MEDICAL ILLUSTRATION 


WAX-EESIN COJIPOSITIONS FOR JIOULAGE-MAKING 


Carl Daaie Clarke, Ph.D., Baltuiore, Md. 


I N THE April, 1942, issue of tliis Journal' I, toj'ether with a co-worker, 
described a basic agar coznpositioii for making molds or negatives of liHng 
and dead tissue to be used in nioulage work. Since a cast or a positive is made 
in such a mold, I wish to confine the present article to the basic matei’ials used 
in making the positive. There are numerous materials that can be employed 
for this purpose, .such as wax-re.sin mixtures, celhrloid, rubber, and a synthetic 
fleshlike gelatin mixture. Rubber has been discu.ssed in a previous article." 
Celluloid, as well as wax-resin mixtures, has been discussed to some extent in 
my book Moldhuj and Castiufj.^ Because of the shortage of rubber, experi- 
ments are in progress at the present time to develop a suitable substitute for 
making both positive and negative moulages. This work will be published at 
a later date. 

The average novice has had greater success in working with waxes and 
resins for the positive; therefore, these materials will be considered here in 
some detail. Furthermore, the Avax-resin mixtures lend themselves more read- 
ily to corrections. They also can be used over again in the CAmnt of a failure. 
AVhen the moulage Avorker has become thoroughly familiar AA’ith rubber, cellu- 
loid, and gelatin mixtures, he Avill find that they are as simple to compound 
and use as the Avax-resin mixtures. All these matei'ials, Avhen properly used, 
possess the translucency of flesh, Avhich is the first essential in choosing any 
positive composition. In conti-ast to these materials, plaster of Paris and 
papier-mache, Avhich are among the most common positive materials, lack this 
translucency, and, for this reason, cannot be Aised Avith the same degree of 
success in making facsimile reproductions of protoplasmic objects. 

Probably the greatest draAvback to the use of Avax-resin mixtures is the 
fact that the resulting cast is broken easily. This disadAmntage is OA^ereorae 
Avhen the cast is made of celluloid, rabber, or gelatin mixtures. HoAvever, the 
Avax-resin cast is important because it is often used as an intermediate step in 
making casts of other materials. For example, in a nibber facial prosthesis 
a Avax cast genei’ally is made first and fitted to the patient before the rubber 
one is made. Necessary changes to obtain perfect fitting are easier to effect 
in Avax than in rubber. AceordiiiglA-, a basic Avax-resin formula Avill be con- 
sidered in detail. 

The Avax-resin composition used Tor the positiA^e impression should possess 
the folloAAung qualities: 

1. It should be possible to brush or "paint” the posithm composition into 
a plaster or agar mold Avithout having the cast crack or lift from the surface 

of the mold. 
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2. The melting iioint should be so high that it will not be affected by 
natural heat in the hottest weather. A east, no matter how thin, should never 
droop as a candle often does under normal summer temperatures. 

3. It should not crack or shrink to any great extent when subjected to the 
normal cold of Avinter. 

4. It should not crack under sudden changes of temperature, as does a thin 
layer of hot wax of a high melting point when poured into a cold mold. 

5. The shrinkage of the positive wax should be so slight as to cause no 
cracks when it is shrinking against a rigid mold or after it has been mounted. 

6. It .should become set, yet remain pliable, at a degree of heat low enough 
for it to be bent or formed Avith the hands Avithout breaking or cracking the 
Avax or fear of burning the hands; nor .should the composition stick to the 
hands. This pliability is advantageous, since it often becomes neeessazy to 
bend a posith'e composition into a more desirable shape. For example, it may 
be necessary to bend the positiA'e to relieA'e it from some undercut surface on a 
rigid plaster mold. After the positiA'e has been relieved of such an undercut, 
it can be rebent to its normal position. 

These rigid requirements should be kept in mind Avhen considering the 
published material on po.sitive formulas. 

ADA'ANTAGES OF BEING ABLE TO APPLY THE POSITIA'E MATERI.\L AAUTH A BRUSH 


A positive Avax-resin material that can be brushed, spread, or painted, in- 
stead of being poured into the mold, offers decided adA'antages Avhich may be 
enumerated as folloAvs: 

1. It eliminates the danger of the much dreaded border lines, i.e., lines 
caused by the junction of hot and cold waxes on a smooth surface. The hot 
and cold Avaxes do not blend together, and as a result a line is formed Avhere 
the Avaxes of different temperatures meet. 


2. The application of the positive Avith a brush permits a freedom of Avork- 
ing Avithout the necessity of lifting heavy molds to turn them in A'arious posi- 
tions so that the wax will flow evenly and in the same thickness ov'er the entire 
mold. This same method, when applied to large forms, will prevent a great 
outlay of physical strength and nerve-racking exertion, which also may require 
the assistance of helpmates to produce the cast. 

3. It is far more economical to “paint” a mold than to pour one, because 
a quantity of wax may be lost or damaged beyond further use by dripping over 
the edges of the mold Avdiile the latter is being rotated, at the same time soiling 
one’s clothing and burning the hands. The composition may fall on the floor, 
worktable, or any place except where it should go. 

4. “Painting in” makes it possible to fill the separate sections of a piece 
mold before they are put in place and insures the .surfaces of being well and 
evenly covered. After they have been put in their proper places, the positive 
pieces may be cemented together by the application of more wax, which may 
be poured or painted into the cracks between the positive pieces. 


5. In painting with the positiv-e substance rather than pouring it into the 
mold, it is possible to apply masses of different materials and colors next to 
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iiiUit blood. Thus the ve.ssels may Im painted red on a lliiii eoatiiifi oT semi- 
Iranspareut positive formula whieh has heeu applied to the mold. These vessel 
details are then haeUed with more eompositioii and finally strengthened with 
gauze, cheesecloth, or burlap. When the cast is finally removed from the mold, 
the ves.sels appear to lie under the .skin rather than painted on the .surface, 
as is so often done by the caster. It is interesting to note that red ve.ssels under 
an ivory colored .skin appear Jilue when A’iewed through the skin. This may 
he tested by placing a piece of ivoiy-colored tracing paper OA’er dark red marks 
drawn on white paper. These red marks will seem to he blue, provided the 
right shade of tracing paper and the proper shade of red are used. 



Fig. 2. — A wax-resin moulage of a syphilitic gumma. This cast was made in a one-piece agar 

mold. 

There are unlimited pos.sihilities foi- the specific use of a positive material 
that can he painted into the mold rather than one that must be poui'ed. In 
fact, these advantages are too numerous to mention. Ilowevei', the3" will suo- 
gest themselves as the worker begins the making of molds and casts. 

A simple basic formula for brushing into the mold is us follows; 

PARTS BY AVEIGIIT 

Paraffin (about .55° C.) g 

f'arnauba wax I 

Ho.siii, water-white, luiiii) g 

Ked oil-solulile dve 

llie lollowing is a suitable formula for pouring into Ihe mold: 

Pariillin (jibout .55° f. ) g 

(-'arnaulia wax (light i j 

no.siii, water-u hite, lump .> 

lied oil-soluhle dye 

fl.« 
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THE JOUBNAIi OP LABORATORY AJs’D CLINICAL HEDICINE 


RESIN® 

In spite of the fact that such work is often called “wax” easting, resin is 
the basic substance in those formulas which are the most simple to use and 
have the most versatility. Besin gives the compositions toughness and the 
quality of bending without breaking; it hardens more slowly, and prevents 
wai-ping and cracking to a great extent. Common rosin, or colophony is gen- 
erally used for this purpose because of its cheapness. Bleached resin (i.e., 
water-Avhite) serves better where the ehroniatie intensity is to be kept loir. 
The resin content should amount to about half of the mixture, otherwise brushing 
of the positive mixture into the mold is sometimes rendered difficult and leaves 
‘‘lap lines” or border lines. Such lines are formed where a hot mixture meets 
a cold or set mixture of the positive material and causes a line to appear at the. 
junction of the hot and cold mixtures. Compositions containing a large per- 
centage of resin do not flow easily into flue details unless they are painted into 
the mold. 

If the rosin is powdered or if too much is applied, it may oxidize (piite 
readily, turn dark, and separate from the mi.xture as a nousoluble precipitate 
in the bottom of the pot (see Compounding). 


WAX 

Zoic Melting Point . — The viscosity and viscidity, or internal friction, of 
resins are reduced by the addition of a wax. Such waxes are paraffin, white 
beeswax, eeresin, and spermaceti. Here again the cheaper product, paraffin, is 
generally chosen. 

High Melting Point . — The melting point of a wax and resin composition 
may be raised by the addition of a wax having a high melting point. Such 
waxes are carnauba, montan, and Chinese wax. Carnauba, light, is usually se- 
lected. The amount of such a wax that is used in the composition should never be 
more than one-tenth the weight of the resin ; otherwise shrinkage and brittle- 
ness of the entire composition will result. 

In addition to raising the melting point of a wax-resin mixture, carnauba 
wax also improves the flowing qualities of the mixture and makes it possible 
to obtain a sharp impression of skin detail, such as the fingerpi'int pattern. 
If this wax is not included, the resulting east may be soft and lack sharp, 
concise detail. 

COLOR 


Where it is desirable to have the wax-resin mixture of a basic flesh tone 
which is composed of red and yellow, a permanent red oil-soluble dye is added. 
A yellow dye is not used because the yellow of the eazaiauba wax and resin is 
sufficient. The red dye mixes with the yellow of the wax and resin to produce 
the flesh tint. Of course, such a dye must be used sparinglj^ A gram or so 
of dye is dissolved first in about 200 c.e. of turpentine. An eye dropper is then 


•The terih "resin" means an amorphous substance that exudes from plants. The term 
"rn<!in" indicates the residue remaining after the distillation of oil of turpentine. Generally. 

rS is the resin of the pine tree.. It is also called coiophony. Gum mastic. gu£ 
SaSmS ;Sd similar substances are also resins but they .are not rosins.. Oum rosin dargens 
dammar, ano SOI ► called toooi rosin. Both are obtained from the pine tree. Gum mastic 
o1?®g5m dimmar coSfd be substituted for rosin (colophony) but these resins are decideS)“§ 
expensive. 
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used to place a drop at a time of this solution into the melted wax-resin mix- 
ture until the desired shade is reached. From time to time the resulting color 
may be observed by placing a few drops of the melted mixture on a piece of 
white paper. "When this sets, it is carefully studied in daylight to see whether 
it is of the basic .shade desired. The final monotone Avax-resin cast is fixed with 
shellac or lacquer and then tinted with the proper oil-soluble pigments. 

COMPOUNDING 

AYater is placed in the bottom section of a double boiler and brought to a 
boil. The fire is then cut down until the water just boils. Eapid boiling may 
cause the mixture to become too dark. This is important, because excess heat 
or prolonged heating causes the resin of the mixture to darken and sepai-ate 
as an insoluble resin. The waxes only are placed in the top section and allowed 
to melt completely before the resin is added. At no time must the pot be 
allowed to boil vigorously Avhile the resin is mixed with the Avax. Heating may 
be continued Avith occasional stirring, until the resin is melted completely. 
Prolonged heating causes it to darken. In fact, some Avorkers prefer to melt 
the Asmxes thoroughly and then cut off all heat before adding the resin, de- 
pending on the stored-up heat in the AA'axes and the Avater section of the double 
boiler to melt the resin. This does not ahvays suffice, but it Avill serve to im- 
press upon the Avorker the importance of not getting the resin too hot. 

The basic formulas hereAvith presented may be varied to suit specific pur- 
poses or they may be used as specified. Other Avaxes and resins may be sub- 
stituted. Those given Avere chosen because their cost Avas decidedly less than 
Avaxes and resins haAung similar qualities, such as melting points and Aiscosity. 
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CIERHOSIS, Hepatic, Serum Proteins in, Post, J., and Patek, A. J. Arcli. Int. .Med. 69: 

67, 1.042; Iliid. 69: S3,' 1042. 

Of 61 patients witli cinho.sis of tlic liver, 64 liail an aijnormal alljuinin-glolniiin ratio 
on admission to the hospital. These data contirm the reports of otlier authors. 

The prognosis as to duration of life becomes increasingly grave as the level of .serum 
albumin decreases. The levels of the serum globulin and the serum total protein have no 
such prognostic significance. 

There is a direct correlation between the level of the .serum albumin and the clinical 
course. Clinical improvement is a.ssociated with a rise in scrum albumin toward normal. 
In instances of clinical failure there is no su.staincd rise. 

The level of serum albumin is significantly lower in patients with a.scite.s than in those 
without ascites. 

Diuresis is as.sociatcd with a ri.se in serum allnimin. The mean value for serum albu- 
min at which diuresis occurs i.s 3.1 Cm. per JOO c.c. (standard deviation, 0.2 Gm.l. 

From the data presented, it apiiears that a reduction in serum albumin is an e.ssontial 
factor in the formation of ascitc.s. 

Nitrogen balance studies were made on 6 paticnl.s with cirrhosis of the liver, ascite.s, 
and reduced scrum albumin. Although the patients remained in positive nitrogen balance 
during the periods of high protein feeding, there was no correlated rise in the level of tlm 
serum albumin. In tliis respect the.se patients difler from persons with simple protein 
starvation. ’ 

The data recorded Iiere indicate that patients with cirrhosis of the liver absorb and 
retain food protein. The evidence suggests that the mechanism for the synthesis of scrum 
albumin is impaired. 

VAGINAL SMEARS, New and Rapid Method of Staining Based Upon a Specific Color 

Reaction for Giycogea, Mack, H. C. Harper Hosp. Bull. 1: .74, 1042. 

1. Prepnifltion of Smears.— \ moistened cotton applicator is inserted into the vagina 
and twirled slightly (one complete rotation) against the vaginal wall. The cotton end of 
the applicator is then rolled lengthwise over the surface of a clean glass slide. By rolling, 
rather than rubbing, a uniformly thin film of cells, with minimal clumping and cell distor- 
tion, results. The filni dries almost immediately and may be stained at once. 

2. Stainiiiff of Smear.i.—Staining is accompiisiied simply by laying the slide, face down, 
over a shallow dish containing a small amount of Lugol’s solution. Iodine vapors which 
arise insen.sibly from the solution suffice to stain the glycogen-containing cells in two or 
three minutes, ilicroscopic examination may be carried out immediately. Although such 
stains fade in from twenty-four to forty-eight hours, restainiiig (by the same methoil) may 
be carried out repeatedl.v if later examinations are desired. 

SYPHILIS, Biologic False Positive Serologic Reactions in Tests for, Mohr, C. P., Moore, 

J. E., and Eagle, H. Arch. Int. Med. 68: 1161, 1941. 

The author-s have reported the cases of 11 nonsyjdiilitic patients with various diseases 
in whom transitory biologic false po.sitive serologic reactions for .syphilis were observed. 

When analyzed (piantitatively, a low titer was usually revealed iu these tests, but in 
the tests on 2 patients, one with a sore throat and one with pneumonia, a high titer, com- 
parable to that seen in the early stages of syphilis, was observed. 
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It is sugfjcsted tliat a coniplcmoiit llxalion test with spirochetal siiitigeu (pallida test) 
may he helpful in differentiating false from true positive reactions. 

In view of the enormous incrctise in the routine use of serologic tests for syphilis, the 
]]cce.ssitv for caution in their interpretation is emphasized. 

NOSE, Normal and Abnormal Bacterial Flora of, Jacobson, L- O., and Dick, G. F. .T. A. .M. 

A. 117: 2222, 1011. 

Cultures of nasal secretion were made as a matter of routine for dOO patients ad- 
mitted to a general nicdical service, none of wliom had been admitted because of a primary 
complaint referable to the nose or the paranasal sinuses. 

The authors find in agreement with most observers that the normal nasal flora con- 
sists chieflv of Staph, alhus and diphtheroid bacilli, and le.-^s frequently, of Staph, aut^u.i and 
■If. catanhali.i. 

Green-forming streptococci and jineuniococci are occasional transients in the nasal cavity'. 

The presence of streptococci, pneumococci, I>. mneosns, Pfeiffer s bacilli, and diph- 
theria bacilli indicates disease of the nasal mucosa or sinus disease, or both. 

The frequency with which green-forming streptococci, hemolytic streptococci, and pneu- 
mococci were isolated by culture of nasal secretion in cases of sininsitis, acute or chronic, 
shows the diagnostic value of this simple, ine.vpcn.sive procedure. 


ANEMIA, The Significance of Target Cells in, Bohrod, M. G. Am. .1. JI. Se. 202: SGO, 1041. 

Target cells are commonly seen in the regeneration of blood, regardless of the cause 
of tile blood loss. 

In acute anemias they are present for only a short time early in the regeneration 
phase, and they have disappeared by the time a significant rise of erythrocyte count is evi- 
dent. In chronic anemias they' may be present over long periods of time. 

The question of the normal shape of the circulating erythrocyte should be re-e.\'amincd. 
It is possible, but not yet proved, that the target cell preserves the bowl shape of the intra- 
vascular cell in modified form and resists deforming influences which are responsible for 
producing the biconcave disc seen in blood oui.sidc the body. 

The target cell is a hyperresistant cell produced by the bone marrow in rc.sponse to 
the blood loss. Increased resistance to the hemolytic action of hypotonic saline and to 
acetic acid has been demonstrated. 

The contention that the target cell represents the fundamental defect in Cooley’s 
anemia seems to be unjustified. It is simpler, in the light of available evidence, to regard 
the target cell in this disease, as in sickle-cell anemia and many other anemias, as a re- 
sponse to the blood destruction rather than the cau.se of it. 


SYPHILIS, The Kahn Verification Test, Chargin, L., and Eein, C. E. Arch. Dcrniat. & 

Syph. 19-11. 

The reactions to the Kahn verification test were studied for l,.o65 persons with various 
conditions, comprising syphilis, various nonsyphilitie dermatoses, questionable conditions, 
pregnancy, contagious diseases, pinta, malaria, lepro.sy, and miscellaneous conditions. 

In the group of 319 .syphilitic patient.s, who had received varying amounts of treat- 
ment, the verification tests gave the syphilitic type reaction in 100 per cent of those with 
strongly positive scrodiagnostic reactions, in 76.5 per cent of those with weaklv positive 
reaction.s, and in 10.2 per cent of tho.se showing doubtful reactions, 
tioiis of the .syphilitic type in the patients with negative 


There were no reac- 
serodiagnostic reactions. ’The 
negative 
rologie reactions it 


incKlence of the general biologic type of verification reaction in the group with 
serologic reactions was 7.1 per cent, ami in the group with doubtful .seroloL'ie re' 
was 12.1 per cent. ^ 

I'"'- mmsyphilitic group, 269 in number, there Mere only 2 patient.s who had -i 

Tllll'incilSe be established in these patients, 

of biologic reactions in this group varied from 1.3.S to 17.6 per cent. 
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Iiv the queationable group of 253 members, 83 patients (32.7 per cent) gave u syphilitic 
type of verification reaction. Further study' i.s necessary to determine whether they' ac- 
tually had .syphilis. The incidence of the general biologic (nonsy'philitic) type of reaction 
in this group varied between 2.3 and 38.6 per cent. 

In the group of patients with acute contagions diseases the general biologic (non- 
syphilitic) ty'pe of verification reaction was obtained in between 29.3 and (54.0 per cent, 
and in the pregnant women this type reaction was obtained in between 21.2 and 55.5 
per cent. 

The highest incidence of the general biologic (iionsyphilitic) type of reaction is found 
to be associated with the doubtful serodiagnostic reactions in all groups. 

The percentage of the syphilitic type of verification reaction increases with the 
increase in the titer of serodiagnostic reaction. 

In the group of 2GS patients with pintn, all of whom gave strongly positive sero- 
diagnostic reactions, 83.9 per ee?it gave a syphilitic type of reaction to a verification test. 

Agreements as well as di.screpancies were observed in a number of blood specimens 
that were subjected to repeated verification tests. 

ZIEHIi-NEELSEN STAIN, Sulphonamides and the, Mary John, Sr. Am. J. If. Technol. 

7: 256, 1941. 

Observations are reported showing that after the administration of sulfonamide drugs 
the sputum may contain crystals which are acid-fast and which may rather closely resemble 
S. liiberciilosis. 

These are seen as tong slender, acid-fast rods, sometimes curved, sometimes short and 
straight, sometimes in bristling clumps. 

It is advisable that these drugs bo discontinued before sputum e.xaminations for tubercle 
bacilli are reported as positive. 

TEICHINOSIS, A New Precipitin Test for, Koth, H. Acta Path, et microbiol. Scandinav. 

18; 160, 1941. 

Living infective larvae of Trichinella spiraUs, when incubated at 37° C. in the sera of 
patients suffering from trichinosis or of guinea pigs or rabbits, e.xperimentally trichinized, 
give rise to the formation in the sera of microscopically visible precipitates. However, 
no specific deleterious effect of such immune seni on the larvae has as yet been seen. The 
diagnostic value of this new microscopic test is compared with that of a simplified modi- 
fication of the usual macroscopic Bachman precipitin test (using a filtrate of the saline 
e.xtraction of dried trichina larvae as antigen). Both reactions seem to depend on the 
same antibodies present in immune serum, but the microscopic test may sometimes be 
more delicate in the demonstration of very slightly- developed antibodies. 

SPUTUM, Physical and Chemical Properties of, Basch, F. P., Holinger, P., and Poncher, 

H. G.: Am. J. Dis. Child. 62: 9S1, 1941. 

The tracheobronchial tree of patients with bronchiectasis contains three essentially 
different types of sputum, which arc not to be confused witli the three layers into wbicli 
the sputum of patients with bronchiectasis or abscess of the lung divides on standing. 

To effect the series of the changes which occur spontaneously in the sputum during 
its movement from the lowest to the highest levels of the tracheobronchial tree, from which 
it may be coughed out, certain physical, chemical, and baeteriologic actions take place. 
The changes are not due to physical processes which cause liquefaction or tliickening, 
because a parallel has not been found between the viscosity and the content of solid sub- 
stances of the sputum. 

The secretion from the most dependent portion of the tracheobronchial tree, desig- 
nated as the third portion, is never coughed up, hut is obtainable only by bronehoscopie 
suction. It has an extremely high viscosity- and a high content of organic and inorganic 
substances. This sputum becomes even thicker after it is removed from the bronchi. 
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The third portion is moved to a higher level both by the tussive squeeze and by the 
pressure of secretions to form the second portion, which is found m the trachea and the 
larger bronchi. The second portion is a liquefied sputum which has a lower viscosity, 
a lower dried residue and a lower percentage ash than the third portion. 

On the top of this secretion, after a rest period, a plug is found which has a moder- 
ately high viscosity but a dried residue and percentage of ash which are even lower than 
those of the second portion. 

The sputum of patients with massive collapse of the lung shows a decrease in \iscositj 
during the course of the disease in spite of a marked increase in its content of organic and 
inorganic material. This spontaneous dilution is probably due to bacterial action. 

The characteristic properties of the sputum of patients with bronchiectasis, and post- 
operative massive collapse of the lung may be due to a variety of factors which may be 
summarized as follows: (1) selective secretion, (2) selective resorption, (3) speed of 
movement of secretions from one level to another, (-1) bacterial action, and (5) combina- 
tions of the foregoing factors. 


VAGINAI. FLOEA in Children, Hardy, G. C. J. Dis. Child. 62: 939, 1941. 

In a study in which a limited attempt was made to ascertain the etiologic agents of 
vaginal infection in girls, the only bacteria which could be incriminated were the gono- 
coccus, the group A streptococcus and, possibly, the dixdobacillus of Petit. 

In the case of the last two organisms, there is bacteriologic evidence, clinical evi- 
dence, or both, of an interrelation between infections of the upper respiratory tract and 
those of the genital tract. 

The streptococcus found simultaneously in the upper re.spiratory and the vaginal tract 
were types 11, 24, 25, and 28. 

Further study of the diplobacillus, which, superficially at least, may be confused with 
the gonococcus, is indicated. Gonorrhea should not be diagnosed without complete cultural 
studies. 

Among the patients studied, very few, apart froni the premature group, could be 
considered normal. The large number of purulent secretions found in the children in the 
hospital wards suggests that such a reaction may be the concomitant of a variety of 
illnesses or constitutional states. .Saprophytic organisms appear to grow in the vaginas of 
such patients with little restraint. For information concerning normal vaginal flora of 
childhood the authors recommend study of a group of healthy girls. 

More anatomic and histologic studies should provide a better understanding of vaginal 
infections, so that rational treatment could be devised. An attempt should be made, also, 
to give adequate clinical attention to patients rvith such infections as early in the course 
of the illness as possible. 


CAEBON DIStTLFIDE POISONING, Neuropathologic Changes in Experimental, in Cats, 
Ferraro, A., Jervis, G. A., and Flicker, D. J. Arch. Path. 32: 723, 1941. 

Five cats were exposed to varj-ing doses of carbon di.sulfide. The most important 
changes in carbon disulfide poisoning consist in (a) diffuse vascular involvement of the 
productive type, i.e., proliferation of capillaries and hypertrophy of the walls of blood 
vessels, often leading to endarteritis: and (b) diffuse neurocellular changes, ranging from 
chromatolysis to severe degeneration, diffusely .scattered all over the brain and cerebellum 
Both cortical and subcortical structures are involved. The lesions are particularly 
evident in the corpora quadrigemina, ihe cerebellar nuclei, and the vestibular nuclei. The 
region of the cerebellar nuclei constitutes an area where the change is definitely predomi- 
nant, and in 4 of S cases the pathologic involvement leads to bilateral softening of this 
region. Next to the cerebellar nuclei, the vestibular area is the one most intenselv in 
^oKed. In an animal in which the exposure to the action of the gas was most prolonged 

- ‘•^ning was also found in the lenticular nucleus and in the substantia nigra. ^ ’ 
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Booka and Monographs for BevioU" should be sent direct to the Editor, 
Dr. “Warren T. '\^aug/ian. Professional Building, Bielimoud, Va. 


The Diseases of the Eye* 

O URELY there are few niedica! .students who have graduated since 1000 wiio are not well 
acquainted with May's littJe. textbook. May hns aJwuys kept it small, although it has 
perforce become a little larger during the years. .1 book which is now in its seventeenth 
American edition, has been translated into nine foreign languages, and lia.s had forty-four 
editions in foreign land.s scarcelj' requires review. 


Infant Nutrition f 

■'T'HE late Professor kfarriott's e.veellent book ha.s been revi.sed by Dr. P. C. Jeans of the 
•t UniveiMty of Iowa, The work starf.s with the growth of the infant and child and its 
physiologic development, particularly as regards nutrition, Tlien follow sections on the 
vai'iou.s type.s of metabolism, carbohydrate, protein, mineral, water, fat, and vitamin. The 
major portion of the volume is given to gaslroiiitostinal and nufritional di.sturbance.s of 
infancy and childhood, with rather general discu.ssion of remedial measures. General prin- 
ciples are empha.sized. There hs no padding with .sample diets, ease histories, and the like. 


Diseases of the Dig'estive System^ 

A RODTINE book covei'ing the field indicated by it.s title, Di.vro.se.s o/ the Digestive System 
is written by fifty well-known contributor.s. It seems to cover the field adequately and 
should be of service to gastroenteroiogi.st.s and to men priicticing more general medicine. 


The Art and Science of Nutrition§ 

V ERY profusely and well illustrated, this voiunie i.s written primarily for students of 
dietetic.s. It dl.scu.sses normal nutrition, food requirements under special conditiou.s, 
dietary therapy, and the choice, preparation, and serving of foods. In the la.st section, 
about 110 page.s, there is a profusion of tables, recipes, and diets which sliould be of help to 
those whose interest is in the scientific preparation of foods. 


*Manual of tlie Diseases of the E.re. For Students and General Practitioners Fy 
Charles H. May. M.D., Consulting Opbtlialiiiologist to Bellevu" 
pitals New York. Fonnerly Chief of Clinic and Instructor in 

nient ' of Columbia University, and Directoj- of the Eye Serv ■ v 

York. Mevised with the assistance of Charles A. Perera. M.I 
CoUege of Physicians and Surgeons, Medical Department of Ci 


Assistant Attending Ophthalmologist. Presbyterian Hospital, New York. Cloth, ed. 17, 010 
pages, 387 illustrations, including 32 plates and 3;! colored flgures. William Wood and Com- 
pany, Baltimore, Md.. 1911. 

... A Te.xtbook of Infant Feeding for Students and Practitioners of 
■1. . !■ . ! Mclvim Marnott. B.S.. Jt.D.. Late Professor of Pediatries Wash- 

. of Medicine; Phymcian in Chief, St. Louis Children's Hospital, St. 

Loiii's.' Revised by P. C. Jeans A.B., M.p.. Professor of Pediatrics, College of Medicine, 
State University of Iowa, Iowa City. Cloth, ed. ,i, Ii.i pages. The C. Y, Mosby Company, 
St. Louis, Mo.. lOtl. 

iDiseases of the Dige.stive System. Kd'ted by Suhiey A. Portia. B.S.. M.D., P.A.C.P., 
Associate Professor of Clinical Medicine, Rush Medical College of the University of Chicago; 
Attending Physician, Michael Reese Hospital; Consulting Physician. Cook, County Hospital, 
Chicago. Cloth, 952 pages, illustrated with lih engiarings. $10.00. L.ea & Febiger. Philadelphia, 

" eati.o Jvf .in.T .krieuce Of Nutrition. A Textbook on the 
1 -/-r 4“.^ ptiellp B Hawley, Ph,D.. and Grace Carden, B.S.. t 

Nutrition, ^ By. Rstehe H^HawmL N. Y- „Cloth. .MiJ^pas 

ing 12 in color, $3.30. 

nos 


School 9f Jledicine and DenLMr^ . jiosby Company, St. Louis. Ylo.T I9il. 


of 

ter. 



liKVIEW.S 


1109 


University of California Hospital Formulary''- 

A I’OCKHT ot u.'i-fiil information for internes ami fourtli-year iiimlit-al 

stuilent.s whicii wouM Ipc ai>i<ro:iri:ite for any Im.-ipital or :iny school; thi.-' lorniuKir' 
contains =ueh .suipjccts as prescription %vrilin;r. materia nietlica,. discUssion of buffered and 
isotonic solutions, dosage tables for various diu^s. endocrine products, vitamin prepara- 
tions, etc. Its therapeuti.j index .suggests the appropriate drug for various .symptoms and 
pathologic state.'. There are .sections on speesal diets, obstetrical data, laboratory methods, 
and emergency procedure.s. 

The American and Eis Foodt 

A DELIGHTFULLY v.-ritten historv- of food habits in the United .States from pioneer 
days, this book presents the difference between menus on the farms and in the citie.s 
in early days that is especially interesting. Today, however, the farmer lives better than 
the city dweller did a century and a h.alf ago. 

The irnprovenients in diet which were facilitated by inaproved tran.sportation facilities 
rather naturally parallel the advances in commerce in general. The last fiortion of the book 
ileals with present-day nutrition and needs for the future. 

The March of Medicinei- 

T HI.S is the sixth annual conipdation of a series of lectures to the laity .sponsored by the 
Xew York Academy of Medicine. The material covered may be inferred from the ILst 
of .subjects and their authors; Humanism and .Science by Alan Gregg: Paracelsu.s in the 
Light of Four Humlred Y-ar.' by Heiirv- E. .^igerist: P.sychiatry and the Xormal Life by 
AVilliarn Healy; Philosophy as Therapy by Ir'.vin Edm-in; The Promise of Endocrinologj" by 
Oscar Riddle; and What We Do Know .\bout Cancer by Francis Carter Wood. 

Essentials of Electrccardiographyj 

A COMPKEHEXi^lVE discussion of basic principles, technique, and interpretation in the 
performance of clinical electrocardiography; this book is an excellent guide for .stu- 
dents and a reference manual for clinician.s. 


Diagnostic Procedures and Eeagentslj 

'^ULS is a reasonably small book detailing technique for the laboratory diagnosis and 
control of the communicable di.'ea.--es, puidi.-hed by the American Public Health A.sso- 
ciation. It is primarily a book on laboratory methods rather than on control, and as such 
IS authoritative. In addition to the bacterial contagious diseases it covers rickett.sial infec- 
tions, syphilis, rabies, and jmthogeiiic fungi. 


The Principal Nervous Pathways'^ 

'J'llF. Ffinrijiiil .Wrrou., Felhvay.s U a splendidly illin-tratcd atla.s of the ner-.c tracts of 
the brain, cord, and peripheral nerve.-, including the autonomic nervous svstem. Each 
plate.Iia.s an adequate dcsi-riptive legend. 


ft. It, Ho.-idUil Forniularv' ami Compendium of U.'cful Informatinn 

flolh. UTo pau-e.-. .S'gisi. rmv. r.'iiy of Calironiia Pres.=. i;. rk.-Ie.v and I>j.s .Viigtle.". gm 

... , fTh>- .American ami Hi.- Fre«i. .\ Hi.'torv- of Food Habits in tio- fnit .t in... ’ -o 
.C^'O'-ne.s. A.-.-i.smnt Profe-.-oI of Ki.-lor?. I^wrUnce Co -‘"e CIoU: 

.<g.,o. I nu..r.-n> of Cnnaeo Pro.s.s. Chicago. III., iwn. oi.„c. ciolli. .1,. 

CIotl..’Srpaae^”s;^-.." Cohimbia ^r^S Wk’v" Y 

Hull. .r.n. 

. Dias’no.'tic Prte*-dure.s .and I-:*'aa,.nt''. T.-chnics Cor tfo- L- 

munlc.ible Di.-..-.i.-e.-. Cloil,. .-p-,;; paa.-.». .s;;.". -Wrican Pub ic P and Com- 

■■'ay. .Vow York. V. Y.. iptl. i UDUc Hciltl, .V.--.ociation. I7&0 Broad- 

Not,.s;'"“By‘’^l^i[^^ ^TT "'-'S Explanatory 
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1 Physical Medicine" 

T here have been many volumes on physiotherapy. This is the first the reviewer has 
seen that appears to be fully authentic and free of overenthusiasm for one phase or 
another of physical therapy. It describes the methods of pliysical therapy as they are used 
at the Mayo Clinic. No section appears to receive undue emphasis. The author describes 
the application of lieat and cold, light therapy, electrotherapy, diathermy, hydrotherapy, 
and mechanotherapj'. A section deals with the application of the principles of physical 
therapy to various special diseases. Another section deals with the organization of physical 
therapy in hospitals. The introductory portion, which deals with the history of physical 
therapy, is especially interesting. 

This volume will he useful not only to physiotherapists, but to others who wish to 
know the desirability of physical measures in special cases. 

Immunity Against Animal Parasites! 

T he first volume dealing with this phase of medical study was Taliaferro's Immunology 
of Parasitic Infections, published in 1929. Culbertson’s book takes up where Taliaferro 
left off, bringing the studies up to date. Part I deals with natural resistance and 
acquired immunity. Part II discu.sses immunity in specific diseases, such as amoebiase.s, 
leishmaniases, trj’panosomiases, malaria, coceidioses, tremafodiases, cestodiases, nematodiases. 
The third section is on applied immunology; it classifies parasites and discusses preventive 
vaccination and diagnostic procedures. 

Students of bacterial immunity will find much of interest in the volume. There is 
also much of practical service to clinicians. 

Pathology of the Oral Oavityj; 

W RITTEN primarily for the dentist, this volume also contains sections on diseases at 
the jawbones and the oral mucosa. It is abundantlj' and well illustrated. All sections 
are short and concise. Emphasis is on diagnosis and significance of the lesions rather than 
upon therapeutic procedures. 

Practical Methods in Biochemistry§ 

A STUDENTS’ laboratory manual used in the department of biochemistry at the Univer- 
sity of Chicago. Although it will find its greatest use in student laboratory instruction, 
it will undoubtedly also serve well as a laboratory reference manual since it contains de- 
tailed instructions for the technique of the various clinical laboratory procedures. Espe- 
cially valuable for reference purposes is the appendix in which fifty pages of small type 
are given to the preparation of standard reagents and dilutions. 


Agents for Magnosis and Therapy. 
3r of Physical Aledicine, the Mayo 
>n on Physical Therapy, the Mayo 
-American Medical Association ; Past 
Past President of the Academy of 
■ AY. B. Saunders Company. Phila- 


‘Physical Mcdicim 
By Frank H. Krusen, ' 

Foundation. University 
Clinic : Member of the C 
President of the AmerU 

Physical Medicine. Cloth, bto pages, uin. 

delphia and London. Mil. 

fimmunity Against Animal Parasites. By James T. Culbertson. Assistant Professor of 
Bacteriolog}% College of physicians and Surgeons Columbia University, cloth. 2T4 pages. ?3.50. 
Columbia University Press. New York, N. Y., tail. 

iPathology of the Oral Cavity. By Lester Richard Cahn D.D.S.. Associate Professor 
nf Uentistry (Oral Pathology). Columbia Umver^ty Fellow of the American Association for 
Ai’^an^emcnt of Scicncc. Fellow of the New York Academy of Dentistrj-. Associate Fellow 
S®th^ New ^'ork .Acaieniy of Medicine. The Williams & Wilkins Company. Baltimore. Md.. 

IPraotical Methods in "‘fShfcago Cloth^'ed'' 3^’ 

A wafiam wwd'’ Biol^'^The' VVilimii'i; a Company. Baltimore. Md.. 1941. ' 
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CLINICAL AND EXPERIMENTAL 


PULMONAHY GBHEBRAL EFFECT TIME AS DETERMINED BY A^IYL 

NITRITE* 


I. EST.tBLISSitEXT OF A NORSI.AL R.ANGE 


M. H. Uhley, M.D., Chicago, III. 


\TlIMEROUS methods have been devised for deteimining the rate of floiv of 
i N blood from a given portion of the bodj' to a distant designated locus. Since 
the vork of Hering in 1827,* when he injected, potassium ferrocyanide into one 
jugular vein of a horse, and tested samples of blood from the opposite jugular 
vein for Prussian blue, the greatest number of circulation time tests have in- 
volved the introduction of a chemical substance into a vein and the detection ox 
that substance at some other point in the cu’culation by its objective or sub- 
jective manifestations. 

Following in almost chronologic order is listed the evolution of cir-eulation 
tune studies; fluorescein^; calcium chloride*; concentrated salt solution pro- 
ducing distal electropotential changes*; radium C-; histamine flush reac- 
tion*-*’; phenoltetraiodophthalein sodium’; Congo red*’; acetylcholine, deter- 
mmmg volume changes in an e.^tremity** ; atropine and ephedrine ’ notinc^ 
pupillary changes**; decholin**-**- =* ; saccharine*®; ether**; calcium gluconate*’” 
magnesium sidfate, calcium gluconate, sodiimi chloride, copper sulfate mix- 
ture*’ ; Ivvale mixture,** and cyanide method.** 


Other mvestigatoi-s have employed inlialation of various gases and have 
determined the rate of flow incidental to cardiac output studies, or the effect on 
the respiratory* center; i.e., nitrous oxide method,** 5 to 7 per cent carbon di 
i‘cl*reathing e.xperiments uith carbon dioxide,*® ethvl io- 
dide^ *® and 50 per cent carbon dioxide inlialation,*’ 


IttccUcd for publication, July 19, 19H. 
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All of the preceding, excepting tlie inlialation methods, necessitate single or 
double venipuncture. Tliose not relying upon subjective responses and their 
attendant variations, require in many instances complicated teclmiques or ap- 
paratus, making them almost prohibitive of widespread clinical application. 

The method proposed in this I'eport is readily controlled by a single op- 
erator, and obviates the use of venipuneturc. It involves the inhalation of amyl 
nitrite, and the detection of drug action on the vessels of the head. The inhala- 
tion of amyl nitrite vapor is followed by its absorption into the pulmonary 
capillary bed, its transport to the left side of the heart, thence to the cerebral 
and peripheral vessels wliere objective and subjective phenomena may be noted. 
The arterial system of the head and neck is affected before the rest of the systemic 
circulation by virtue of the lesser distance to be traversed. Since the quan- 
tity of the drug is relatively small, and since the drug action is rapidly 
dissipated, peripheral systemic effects are seldom noted. A means is thus af- 
forded for measuring the pulmonary cerebral effect time. Reasons for the use 
of this term will be made clear as the subject is developed in this report, which 
is limited to the establishment of a normal range of values for the method em- 
ployed. 



Fier* !• — ^Inhaler. 


APPARATUS AND TECHNIQUE 

The amyl nitrite inhaler used for the test is a small cylindrical chamber 
(Pig. 1), 2 inches in length, with an inner diameter of % inch, and coustrncted 
of %o hicli aluminum tubing. It is fitted with a screw cap at one end, the 
opposite end tapering to an opening inch in diameter. There are two % 
inch drill holes in the body. Into one of these is inserted a plunger with which 
to break the perles of amyl nitrite. A stop watch is the only other instrument 
necessary. 

A 3 minun perle of amyd nitrite is placed in the chamber through the screw 
eap end, and the plunger is mthdrami. The operation is greatly facilitated by 
holding the chamber in the left hand, thumb at the screw cap end, middle finger 
over the opening at the tapered end. and inde.v finger closing the first drill hole. 
The plunger is forced down with the right thumb, breaking the glass perle, its 
contents fiUing the chamber which is still sealed as described. 
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The patient is instructed that follo\ving a normal expiration, he is to inhale 
slowly and deeply from the inhaler (usually for 2 seconds) when it is brought 
to his nostril, and then to breathe norniallj’’ again. The presence of abnormalities 
of the septum or turbinates is determined before this step, since an obstructed 
nasal passage would not permit inhalation of the drug. He is told that the 
medication inhaled will produce a ‘ ‘ new feeling ” or “ new sensation in his head, 
which will appear as a slight dizziness or fullness, followed by a feeling of 
warmth in the face and neck. The entire reaction will disappear within one to 
three minutes. The patient is asked to signal the observer immediately upon 
perception of any sensory change. The signal, previously agreed upon, consists 
either in I’aising the hand or saying ‘‘now.” The starting time for the test is the 
time at which inhalation is completed, and the end point is the time indicated by 
the signal. 

zo 



rjHE M SECOf/OS 


Fig. 2 . — Pulmonary cerebral effect time in 100 cases. 


RESULTS 

One himdred persons selected at random from the interne, nursing, and 
house .staff of llichael Reese Hospital were tested by the advocated method, and 
the results were noted. They are assembled in a graph form, shown in Pig. 2, 

The greater majority of measm-ements lie between 10 and 16 seconds. The 
average time for the 100 cases is twelve seconds. This spread is no greater than 
that obtained by other methods currently in use. 

In the proposed method for determining pulmonary cerebral effect time, the 
first manifestations are noted in the distribution of the external and internal 
carotid arteries. Occasionally, throbbing in the arms, and perspiration and 
warmth of the hands are later noted. A few persons have coughed after the full 
effect has been reached. 

The only untoward reaction found in the series, from the use of amyl aitrite 
m the dose administered, was the presence of headache, persisting from tea min- 
utc.s to three hours in three persons. 
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DISCUSSION 

A imrahev of factors must be given consideration in evaluating any circula- 
tion stud3L As a matter of fact, no result ma^' be iiroperlj’ called “circnlatiou 
time, ” unless objective and meehaniealh’' recorded intervals along the course of a 
given segment of the vascular tree being investigated are noted. Any instance in 
which a sensoiy response is taken as an end point lends itself to errors of latency 
in perception and expression. There is another jihase of rate of flow studies that 
is not siifficienth' emphasized. In those techniques involving passage of a test 
medium through the lung (e.g., inhalation and ether), there is an inherent and 
quite variable “across membrane” delay in that structure. Thus it is obidous 
that a more accurate term encompassing flow rate and end point manifestation is 
desirable. The term “effect time” is suggested for this purpose. 

The possibility' exists that am.vl nitrite changes the circulatorj^ tree through 
which it passes. The reaction of am.vl nitrite has been investigated bj’’ Lauder 
Brunton in 1871, who noted its pronounced but transient arterial dilatation, 
attributing the -phenomenon to a direct effect upon the smooth muscle of the blood 
vessels, independent of any nervous mechanism.^” His investigations have been 
verified bj' innumerable subsequent investigators, who found that cerebral ves- 
sels,^^ pulmonaiy vessels,^- coronaiw vessels,^* splanchnics,^'* and peripheral ves- 
sels,^® respond by dilatation. Pilcher and Sollman in 1915®® showed that the 
vasomotor center is not influenced directly bv the drug wlien thej' observed that 
there was no blood pressure fall or rise following introduction of amjd nitrite 
onlj’’ into the cerebral circulation. Vagal depression occurs onty as a com- 
pensatory i-esponse to the sj'stemic fall in pressure, and is, therefore, not due to 
an isolated action of the drug. This was adequately demonstrated by Filehne,®' 
who showed that when the pressure was kept level bj' partial clamping of the 
aorta, no increase in rate occurred. 

The time interval between the inhalation and manifestation of drug action 
is dependent upon two main factors, aside from the reaction time, assuming that 
the dose is fairly uniform and the technique is constant : (1) circulatoiy djmamic 
factor ; (2) respiratory djTiamic factor. 

The first of these factors, i.e., the circulatorj- dj'namic factor, refers more 
specifically to those changes associated with the occurrence of cardiac failure 
and concomitant slowing of the circulation. The test method can be in- 
terpreted as an index of the circulation of the left side of the heart, since the 
drug enters the circulation at the lung capillaries and has its effect after passing 
through. the blood vessels of the head. It does not measure rate of circulation 
through the right side of the heart. 

However, the second factor, the respiratory dj'namic factor, comes into plaj'. 
Alterations in the ptilmonarj' ventilation, total capacity, or alveolar transport, 
will affect the measurement. Thus chronic pulminary diseases, such as 
emphysema, bronchitis, bronchiectasis, and bronchial asthma, can affect the 

results noted. 

■ The puhnonaiy cerebral effect time thus may he i iewed as an additive phe- 
nomenon. Consequently, before a result is ascribed to an altered state of cireula- 
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tion of the left side of the heart, the effects of pulmonary disease and abnormal 
reaction times must be considered in each case individually. 

Furthermore, the circulation time itself is determined not only liy the 
minute volunni output of the heart, but also by the quantity of blood contained 
in. the path from the lung capillaries to the head circuit. This is usually most 
variable in the puhnonary capillaries and veins, and next in the left auricle. 

In short, amyl nitrite is a drug whose prime action is limited to a direct 
effect upon the vascular system, probably not associated with reflex dilatation 
or constriction. It may be used as a clinical test as suggested, even though the 
end point is a subjective one, necessitating recognition of the variations in in- 
dividual reaction time. The discomfort associated with its use is relatively mild 
and disappears rapidly. 

There is perhaps a single contraindication to the use of amyl nitrite, i.c., 
the presence of glaucoma, for as shown by Wessely,^® it causes an increase in 
intra-ocular tension in spite of the lowering of systemic pressure. 


CONCLUSIOXS 

A simple method for quantitating pulmonary cerebral effect time is de- 
scribed, which measures the effective pulmonary ventilation, the circulation time 
of the left side of the heart, and is affected by variations in the reaction time 
of the subject. 

The normal values in 100 eases are presented. 

Its use in determining the degree of failure of circulation of the left side 
of the heart circuit is thus limited to instances in which no disease of the pul- 
monary apparatus exists, and in Avhich the reaction time of the subject is not ab- 
normal. Conversely, it may offer an index of the degree of diffuse chronic pul- 
monary disease in the absence of cardiac disease. When abnormalities are pres- 
ent in both pulmonary and vascular systems, the combined effects may be 
measured, but without evaluation of the component parts. 

I wish to thank Dr. L. N. Katz, under whose supervision this work was done, for .sutr- 
gcstlons made during the study and preparation of this report ' * ^ 
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REGULA-TIOISI OF THE RECIPROCAL ACTIVITY OP DESOXYCORTICO- 
STERONE ACETATE AND SODirai IN ADDISON’S DISEASE^ 


Thomas H. McGayack, ]M.D., P.A.C.P., New York, N. Y. 


T he early failure to understand the extent to which the physiologic activity 
of desoxyeoi’ticosterone acetate is dependent upon the sodium available in the 
organism has accounted for most of the complications following its administra- 
tion to patients wth Addison’s disease. Six patients with this malady have been 
treated with the drugt over periods varying from three months to two and one- 
half years, during which time in each instance there have been unde variations 
in the amounts of sodium and desoxy corticosterone acetate employed. Patients 
were judged to be in a state of “adrenal sufficiency,” that is, in good clinical 
condition, when a sense of rvell-being was subjectively experienced; a gradual 
gain in weight to normal and its maintenance achieved; a return of blood pres- 
sure to satisfactory levels attained ; a cardiothoracic ratio between 0.45 and 0,50 
observed; and normal values for sodium and potassium noted in both blood 
serum and urine. 

By “trial and error” sodium and desoxyeorticosterone acetate have been 
utiliaed in 47 different ratios in the above-mentioned six patients for not less than 
six weeks in any instance, unless severe insufficiency or a complication arose be- 
fore such a period Avas completed. The longest time at any single dose level in any 
one individual has been nine months. When these average daily values for 
sodium ingested and desoxyeorticosterone acetate administered were plotted 
against each other, it was found that patients in good clinical condition shoAVed 
a definite reciprocal relationship betAA'een sodivmi intake and desoxjmortieosterone 
acetate requirement Avhich Avas capable of mathematical expression in terms of 
hyperbolic curves. Seventy-one per cent of these satisfactory observations lay on 
or betAveen cuiwes, the constants of Avhieh Avere 37.5 and 45.0, respectively (Pig. 
1), Avhile all other observations (29 per cent) in Avhich the clinical condition of 
the patient Avas satisfactory Avere repi-esented by similar parabolic curves, the 
constants of Avhich ranged from 30 to 37.5, and from 45 to 55 respectively 
(Fig. 1.) 


It is obvious that only portions of the hyperbolas are of practical value. If 
one uses large quantities of sodium, that is, more than 9 Gm. daily, and corre- 
spondingly small doses of desoxyeorticosterone acetate, the clinical condition is 
not as good as thougli more desoxyeorticosterone acetate Avere employed. If, on 
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the otlier liand, sodium is severely restricted, that is, to 1.5 Gm., and desoxj'- 
eorticosteroae acetate dosage is coneomitantly increased, that is, to 30 mg. daily, 
some “packing” of sodium into the cells probably occurs.^’ ■ 



Fig. 1. 

The formula Na (Gm.) = y ivhei’e Na equals daily intake of sodium 

ill grams, k is a constant, and D the desoxycorticosterone acetate in milligrams, 
is applicable to the management of patients with Addison’s disease over a definite 
range of values, suggested by the shaded area in Fig. 1. In our experience, 
values for the daily intake of sodium should not exceed 9 Gm. or be less than 2 
Gm., while less than 5 mg. or more than 20 mg. of desoxycorticosterone acetate 
daily do not afford as satisfactory relief as those attendant upon amounts be- 
tween these two figures. Values for k should lie on or between 37.5 and 45. 
The area delimited by adherence to these figures (black in Fig. 1) may be spoken 
of as the “area of optimum dosage” in the use of desoxycorticosterone acetate 
for the management of Addison’s disease. Values lying within this space can 
be apparently applied without danger of disaster from cortical insufficiency or 
fear of complications directly related to the therapy. 
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THE SIGNIFICANCE OF FIBRINOLYSIS IN ]MECHANISiI OP 
COAGULATION OF BLOOD"" 


IIenrv J. Tagnox, M.D.j New York, N. Y. 


B y fibrinolysis is meant an occasionally observed phenomenon which 
consists in the dissolution ot the clot of fibrin formed by the coagulation of 
whole blood or plasma. This phenomenon has been observed and described by 
several authors, principally Denis (quoted by Nolf”), Dastre,- Rnlot,’“’ Nolf,“ 
Hougardy,'- = and Hirose.'* Since fibrinolysis appears only occasionally in the 
process of blood coagulation, it is necessary to devise some procedure for ob- 
taining it eonsistentl}', in order to be able to investigate it on an experimental 
basis. The use of chloroform provides such a procedure, as will be showm by 
the subsequent considerations. 

The effect of chloroform on blood coagulation has been investigated prin- 
cipally by Howell, “ Nolf,"- Hinot,' and Bordet.' All these authors agree that 
this substance has a marked effect on the mechanism of blood coagulation; 
they have observed that chloroform was able to clot oxalated plasma. Nolf 
emphasized the fibrinolytic power of the serum obtained from oxalated re- 
calcified pla-sma clotted by chloroform. 

As far as fibrinolytic action is concerned, the best procedure to study the 
effect of chloroform is to observe the serum re.sulting from oxalated, reealcified 
plasma clotted by chloroform. Blood is taken by venipuncture from the jugular 
vein of an unanesthetized, fasting dog. Twenty cubic centimeters of blood are 
w'ithdraw'n in a syringe containing 1 c.c. of 3 per cent sodium oxalate solution. 
It is then poured into a paraffined centrifuge tube and is centrifuged twice for 
fifteen minutes at a speed of 3,000 r.p.m. The clear plasma is used to prepare ; 

1. Normal serum, by simply adding calcium chloride. After coagulation 
occurs, serum is obtained by centrifugalization. 

2. So-called chloroform serum. Reealcified plasma is mixed with its 
volume of chloroform and is shaken for one minute in a carefullj" stoppered tube. 
The tube is maintained at a temperature of 37° 0. for one hour. Then chloro- 
form is removed from the mixture, first by centrifugalization and then by evapo- 
ration of its supernatant layer in the icebox for sixteen to twenty-four hours. 
After that time the mixture does not smell of chloroform. Distilled water is 
added to correct for the lo.ss of water caused by evaporation. The serum is 
filtered before using. 

c:U iK'dicine. Cornell Univensity Medl- 
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In the course of tins studj', otlier reagents were used : 

Oxalated ■plasma: as such, or deprived of fibrinogen by heating at 56° C. 
for two minutes. 

Prothrombin: globulin solution prepared from diluted oxalated plasma, 
precipitated at pH 5.3, following the method of ]\Iellanby.® It can be deprived 
of fibrinogen by heating to 56° C. 

Fibrinogen: prepared according to Warner, Brinkhous, and Smith.-^ It 
was diluted with physiologic saline before being used, until the greatest dilation 
Avas obtained Avhich gave, Avith tlie addition of thrombin, a coherent clot. This 
dilution is desirable because it decreases tlie amount of impurities remaining 
in the solution. 

Thromboplastin: prepared according to Warner, Brinkhous, and Smith.” 

Oxalated plasma deprived of prothrombin: To remove protlirombin, trieal- 
cium phosphate Avas used in a thick creamy suspension in saline. Ten parts of 
oxalated plasma are added Avith one part of the suspension. After careful 
stirring, the mixture is Avarmed to 37° C. for fifteen minutes, and then the phos- 
phate, together AA’ith the prothrombin, is removed by centrifugalization. Phos- 
phated plasma does not clot on addition of calcium and thromboplastin. It clots 
readily on addition of thrombin. It can be deprived of fibrinogen by heating 
to 56° C. 

Thrombin: prepared just before its use by' adding calcium and thrombo- 
plastin to oxalated plasma or to prothrombin and removing the serum after 
coagulation. 

All the foregoing blood preparations Avere made from dog blood. 

To compare the throuAbin content of different sera, successive dilutions of 
the sera Avere added to given quantities of fibrinogen. The most dilute amount 
Avhich produces a clot and thereby contains an appreciable, effective quantity 
of thrombin is taken as the end point. Sera prepared by various methods — 
chloroform serum, normal serum — may thus be compared for thrombie aetiAuty. 

In all the experiments a total Amlume of 1 c.c. Avas used. Physiologic saline 
AAms used as a diluent. In order to keep the quantity of thrombin tested at a 
constant knoAvn level, an excess of sodimn oxalate Avas added to prevent further 
increment of thrombin by eonv^ersion of any prothrombin Avhich might possibly 
be present. Tlie experiments Avere performed at room temperature. Under these 
conditions the amount of thrombin in chloroform serum and normal serum Avas 
compared. Such a comparison is giv^en in Table I. 

It appears that chloroform serum contains 300 times as much thrombin as 
normal serum. Table I sIioavs also that eliloroform serum, after haAung clotted 
fibrinogen, dissolves it. In the fii'st tube (Table I), the fibrinogen clots in four 
minutes. The folloAving day the clot had disappeared. The solution Avas again 
perfectly clear, and its appearance Avas absolutely the same as before the oc- 
currence of the clot. An important change, hoAvever, had occurred. The solu- 
tion contained no more fibrinogen. It Avas impossible to obtain a clot in this 
solution by adding thrombin. Also, if the content of the first tube is heated 
to 56° C., fibrinogen precipitate does not appear. The same phenomenon oe- 
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currecl in the two following tubes (Nos. 2 ami 3). It occurred in the fourth tube 
(No. 4), but le.ss intensivcl.v. This did not occur with normal serum. The dis- 
appearance of the clot is probabl}' due to proteoljsis. 


Table I 


COMPARIRO.N- OK THE TlinOMBIX CO.VTE.VT OK CHt.OKOKORJt SF.RVM AKD NORMAL SEBUM 


_ 


r.E.\r.EXTS IX CUBIC CENTIMETERS | 


TUBES 

SODIUM 

■vacl 

FIBRINO- 

CHLOnO* 

XORMAL 

RESULTS 

OXALATE 

1% 

0.90% 

GEX 

SER\’M 

SERUM 



0.1 

0.7 

0.1 

0.1 


Clot in 4 min. Eedissolved after 





16 hr. 

2 

0.1 

0.7 

0.1 

0.01 


Clot in 10 min. Eedissolved after 





8 min. 

o 

a 

0.1 

0.7 

0.1 

0.003 


Clot in 10 min. Eedissolved after 




20 min. 


0.1 

0.7 

0.1 

0.001 


Clot in 30 min. Half dissolved 





after 2 hr. 20 min. 

5 

0.1 

0.7 

1 

0.1 

0.0003 


Clot in 1 hr. 10 min. Not redis- 




solved 

6 

0.1 

0.7 

0.1 

0.0001 ! 


Clot in 2 hr. 7 min. Not redis- 

1 



solved 

7 

0.1 

0.7 

0.1 

0.00003 


Clot in 3 hr. 49 min. Not redis- 





solved 

8 

0.1 

0.7 

0.1 

0.00001 


Clot in 10 hr. 57 min. Not redis- 




solved 

9 

0.1 

0.7 

0.1 


0.1 

Clot in 1 hr. 10 min. Not redis- 





solved 

10 

0.1 

0.7 

0.1 


0.01 

Clot in 1 hr. 10 min. Not redis- 
solved 

11 

0.1 

0.7 

0.1 


0.003 

Clot in 2 hr. 20 min. Not redis- 




solved 

12 

0.1 

0.7 

0.1 


0.001 

Clot in 12 hr. Not redissolved 

13 

0.1 

0.7 

0.1 


0.0003 

Clot in 12 hr. Not redissolved 

14 

0.1 

0.7 

0.1 


0.0001 

No clot 


If the action of chloroform serum on diluted oxalated plasma is studied, it 
appears that a solution of the clot does not occur in plasma as markedly as in 
the fibrinogen solution. Table II shows that dilutions of chloroform serum, 
which are able to produce fibrinolysis in the fibrinogen solution, do not produce 
this when acting on diluted plasma. It can be seen in Table III that the quan- 
tity of plasma needed to prevent fibrinolysis caused by 0.1 c.e. of chloroform 
serum is between 0.0-1 c.c. and 0.01 c.c. (tube 6). The preventive action of 
plasma on proteolysis is not due to fibrinogen, since this inhibiting effect remains 
unchanged when plasma is deprived of fibrinogen by heating to 56°. This is 
apparent in Table IV. It will be shown later that the preventive action is due 
to the prothrombin of the plasma (Tables IX and X). 

In the experiment described above, 0.01 c.c. of chloroform serum causes 
lysLs of the fibrinogen clot after four minutes. Fibrinolysis may occur at an 
even more rapid rate, and in such ca.ses a well-formed clot would have no time 
to appear. Table Y illustrates such an c.xperiment (tube 2). It can be seen 
that 0.1 c.c. of chloroform serum causes the production of flakes in the fibrinogen 
sohition. These flakes disappear after two minutes, and thereafter there i.s°no 
more fibrinogen in the solution. This shows that fibrinolvsis may be completed 
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Table II 

CojiPAKATivE Action op Chloroform Serum on Fibrinogen and Ox.\lateo Pjasma 



REAGENTS IN CUBIC CENTIMETERS 


TUBES 

SODIUM 
[ OX.\LATE 
1% 

[ Nad 
' 0.9% 

1 FIBRINO- 
' GEN 

OX.U.-VTED 

FLASifA 

CHLORO- 
FORir , 
SERUiE 

results 

1 

i 

0.1 

1 0.7 

0.1 


0.1 

Clot in 2 min. RedissolTed after 
3 hr. 

2 1 


0.7 

0.1 


0.01 

'OJot in 2 min. Redissolved after 
3 hr. 

3 

0.1 

0.7 

0.1 , 

1 

0.003 1 

Clot in 2 min. Not rcdissoired 

4 


0.7 

1 

0.1 1 

0.1 I 

Clot in 2 min. Not redi.'isolred 

5 

0.1 , 

0.7 , 


0.1 j 

0.01 1 

Clot in 2 min. Not redissolml 

6 


0.7 i 


0.1 1 


Clot in 2 min. Not rcdissohed 


Table III 


Preventive Action op Plasjia on Fibrinolysis Caesed by Chloroform Serum 



liEAGESrS IN 

CUBIC CENTIMETERS 


TUBES 

SODIUM 

OXALATF. 

1% 

Nad 

0.9% 

FIBRINO- 

GEN 

ox- 

AL-VTED 

PLASMA 

CHLORO- 

FORM 

SERU.M 

RESULTS 

1 


0.5 

|HU|| 

0.2 

0.1 

Clot in 5 min. Not rcdissolved 

2 

■sH 

0.0 


0.1 ■ 

0.1 

Clot in 5 min. Not redissolved 

3 

HI 

0.3 


O.OS 

0.1 

Clot in 5 min. Not redissolvcd 

4 

HH 

0.4 

0.1 

0.06 

0.1 

Clot in 5 min. Not rcdissolved 

5 

msM 

0,0 

0.1 

0.04 

0.1 

Clot in 5 min. Not redissolved 

6 

0.1 

0.0 

0.1 

0.01 

0.1 

Clot in 5 min. Bedissolved after 
.3 hr. 


Table IV 


Action op Puvsma, Deprived op Fibrinogen, on Fibrinolysis 



! REAGENTS JaV CUBIC CEaVTJMETEKS 


TUBES 

SODIUM 

OXaVLATE 

1% 

Nad i 
0.9% ! 

1 

FXBRtNO- i 
gen 1 

OXaYLATED 

PLASMA 

deprived i 
OF fi- 
brinogen 

CHLORO- 
FORM 1 
SERUM , 

1 

RESULTS 

1 

0.1 

0.5 i 

0.1 

0.2 

0,1 

Clot in 5 min. Not redissolved 

2 

0.1 

0.6 i 

0.1 

0.1 1 

0.1 

Clot in 5 min. Not redissolved 

3 

0.1 

0.3 1 

0.2 

O.OS 

0.1 

[Clot in 5 min. Not redissolved 

4 

0.1 

0.4 

0.1 

i 0.06 

0.1 

Clot in 3 min. Not redissolved 

5 

0.1 1 

0.5 

t 0.1 

> 0.04 

' 0.1 

Clot in 5 min. Not redissolved 

6 

0.1 i 

0.6 

1 

1 0.1 

1 

0.01 

0.1 

Clot in 0 min. Redissolved after 
3 hr. 


Table V 

Fibrinolysis Occurring Immediately After Coagulation 


I reagents in cubic centimeters 


tubes 

1 

somoM 

OXALATE 

1% 

Nad 

0.9% 

FIBRINO- 

GEN 

CHLORO- 1 
FORM 
SEBUM 

RESULTS 




0.1 

0.2 ) 

jNo cuaBge 





0.1 1 

0.1 

Flakes after 3 

min. Eedissolved after 2 






min. 


3 1 

WBm 


0.1 

0.01 

Clot in 5 min. 

Redissolved after 2 lir. 
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after two minutes. It may even occur so soon that tlie coagulation could not 
be observed. The solution of fibrmogen to which chloroform serum is added 
becomes opalescent and then clear again. No compact clot is formed. The solu- 
tion, however, contains no more fibrinogen. This phenomenon is illustrated in 
Table V (tube 1). Nothing happens in the tube to which 0.2 c.c. of chloroform 
serum is added, but in the tubes to which is added 0.01 c.c. of the serum, co- 
agulation occurs, soon followed by proteolysis. In the first tube, fibrinogen dis- 
appears, fibrinolysis having set in so fast that the fibrin flakes, if formed at all, 
are dissolved as soon as thei’’ are formed. At this dilution chloroform serum seems 
to have no clotting power, iloreover, a superficial observation would lead one 
to believe that it has an anticlotting power. However, this is not so, since fibrino- 
gen originally present has disappeared. It is, therefore, impossible to obtain 
coagulation in the first tube. The disappearance of fibrinogen is the real cause 
for the incoagulability. Moreover, this interpretation is eonfii’med by the fact 
that the same quantity of serum, which produces no apparent coagulation in 
the fibrinogen, does clot oxalated diluted plasma. Fibrinolysis does not occur 
in plasma as it does in the fibrinogen mixture, probably because of some anti- 
lytic agents in the former. 

Fibrinolysis usually occurs -without apparent coagulation if serum kept 
in contact with chloroform for twenty-four hours is used. This is not usuallj’^ 
the ease with serum kept in contact with chloroform for only one hour. The 
fibrinolytic property is increased when the contact time with chloroform is 
prolonged, provided that this time does not exceed forty-eight hours (Table VI). 


Table VI 

COIIPAP.ISOX OP THE FIBP.IXOLYTIC POWER OF CHLOROFORM SeRUM AfTER OXE HoUR OF COXTACT 

With Chlorofoeji .vxd After Twexty-Four Hours 






CICLOKOFORM 

CHLOROFORM 


TUBES 

SODIUM 

xacl 

FIBRIXO* 

SERUM 

SERUM 


OXALATE 

0.9% 

GEX 

AFTER ON'E 

AFTER 24 

RESULTS 


1% 

HOUR OF 

HOURS OF 






CONTACT 

CONTACT 


1 

0.1 

0.7 

0.1 

0.1 


Ciot in. 5 min. Kedissolved 



0.7 

0.1 



after 10 min. 

“ 

0.1 

0.01 


Clot in 10 min. Bedissolved 

! 


0.7 ' 

0.1 



after 30 min. 

3 

0.1 

0.001 


Clot in 30 min. ^s"ot redis- 


0.1 

0.7 



! 

solved 

4 

0.1 


0.1 

Ko change (proteolysis with- 


0.1 


0.1 


0.01 

out coagulation) 


0./ 


Ho change (proteolysis with- 

G 

0.1 

0.7 

0.1 


0.001 

out coagulation) 

Clot in 45 min. Hot rpdis. 







solved 


In order to investigate further the relationship of fibrinolysis to the meeh 
auism of blood coagulation, chloroform serum produced by alloM-ing serum to 
remain in contact with chloroform for one hour at 37° C. and for twentv four 
hours at room temperature, was used in the following experiments Hereafter 

the expression “chloroform scrum” will always refer to this particular twentv 
lour-hour-old scrum. i»Lni\- 



1124 


THH OOUUNAIi OF OABOKATOKY A.NO OMXICAt, MKWCINK 


It has been shown (Table V) that oxalated plasma contains antilytic sub- 
stances. The substances contained in plasma, however, ai'C not the only ones 
showing an antilytic effect. Thromboplastin e.xhibifs it also. It can be .seen in 
Table VII (tube 3) that 0.1 e.e. of thromboplastin, diluted ton times, counter- 
acts the fibrinoljdie effect of a quantit}' of chloroform serum able to fibi’inolyze 
the fibrinogen witliout producing clot formation (tube 5). Consequently, if two 
identical mi-xturcs of oxaiated fibrinogen and oxaiated chiorofoxan .scruxn are 
used, thromboplastin added to one of (hem will ciui.se a clot to appear while 
the other one remains fluid axxd undeigoes fibrinolysis withoxit coagulation. This 
antilytic effect of tlironiboplastin is very powerful. 


Tahu: VII 

AXTtrA'TXc Efcect of T«KO.\cuori..vSi'i.v 


TraKS 

OXALArJiJi 

1 ('ULOiiO- 
! KOIiM 
, SEKUM 

XlK'l 

0.9% 

! 1 

I M,.vrat 1 

i FJB)!1.\’0- 
GEX 

TUKOMHO* 1 
PtA.STI.V i 
(iHLUTEii iO 
'fJMEa) 

KEStJLTS 

1 .. „ 

1 

O.I 

0.5 

i o.l 

0.3 

jClut in 5 mill. Not reOissolvetl, 

2 

O.l 

0.X> 

1 o.l 

0.2 

|Cliit ill 5 min. Not reJissolveil. 

•> 

<1 

0.1 

O.T 

1 0.1 1 

0.1 

'Clot in 5 min. Hcdis.soiveil after 10 

1 !ir. 

4 

0.1 

0.7 

0.1 , 

0.03 

Proteolysis without coagulation 

0 

0.1 

0.8 ! 

0.1 1 

0 

'Proteolysis without coagulation 


In order to ascertain more aecnx'alcly tixe fibrinoljdic action of chloroform 
serum, the following procedure was undei-taken : Oiilorofonn serum xras diluted 
with 15 volumes of distilled water and, with the use of N/10 acetic acid, mixtures 
of vaiying pH were obtained. The globulin precipitate obtained in every case 
was dissolved in saline, and its action was tested on fibx'inogen and oxahited 
plasma. Only tlie product obtained at pH 6 siiowed any activity comparable 
with that of tlxe chlorofoxun serum xvJiich px’oduced it. In addition, it revealed 
some intei’esting properties which e.xplain the action of chloroform serum. 

The detailed method of preparation was the following: Chloroform serum 
is diluted with 15 volumes of cold, distilled -watex- in order to lower the salt con- 
centration below 1 per thousand. Decinornia] acetic acid is added until pH 6 is 
reached. The slightly turbid solution is ceixtiifuged, and the precipitate is dis- 
solved in a volume of saline equal to one-tliird that of the chloroform serum 
from which it was obtained. Sodium oxalate is added in order to obtain a eon- 
centi’ation of soluble oxalate of 0.15 per cent. The solution is centrifuged, and 
its pH is adjusted to neutrality. This solution is called solution A in the ex- 
periments to be detailed. 

The properties of solutioir A are; 

1. It is not a solution of tlii'ombixx, since at no concentration does it elot 
fibx’inogen. Unlike chloi’ofox’m sei'um, of which a eoxieentration can always be 
found which clots fibrinogen and dissolves it aiterwards, every active eoncentra- 
tioir of solution A fibrinolyzes fibrinogen without clotting it. Dilute quantities 
of solution A leave it unchanged. Table VIII shows the difference iix the ef- 
fects of chloroform serum and of solution A (prepared from the chloroforai 
serum) on fibrixiogen. 
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Table VIII 


Comparison" of the Effect of 


Chloroform Sebum and of 


Solution" A on Fibrinogen 


TUBES 


4 

5 
fi 

7 

8 
9 

10 


OXAIATED 

chloro- 

form 

SERUM 

ox.vlated 

solution 

A 

OX-tLATED 

fibrino- 

gen 

Nad 

0.9% 

n 1 


0.1 

0.7 

0.01 


0.1 

0.7 

0.001 


0.1 

0.7 

0.0001 


O.I 

0.7 

0.00001 


0.1 

0.7 


0.4 

0.1 

0.5 


0.2 

0.1 

0.7 


0.1 

0.1 

0.8 


0.06 

0.1 

0.7 


0.00 

0.1 

0.7 


results 


Proteolysis without coagulation 
Proteolysis without coagulation 
Clot in 20 min. Kedissolved after 
10 min. 

No clot. No proteolysis 
No clot. Xo proteolysis 
Proteolysis withont coagulation 
Proteolysis without coagulation 
Proteolysis without coagulation 
No clot. No proteolysis 
No clot. No proteoly.sis 


Table IX 


Action of Solution A on Ox.vlated Plasma 


TUBES 

OX.VLATED 

PL.VSMA. 

DEPRIVED 

OF FI* 
BRI^'OGE^’’ 

OXALATED 

fibriko* 

gex 

OXALATED 

SOLUTION 

A 

1 

0.1 

1 0.1 

1 0.5 

2 

0.08 

0.1 

0.5 

3 

0.06 

0.1 

0.5 

4 

0.04 

0.1 

0.5 

5 

0.02 

0.1 

0.5 


Nad 

0.9% 

results 

0.3 

Clot in 15 min. Bedissolved after 


2 hr. 

0.1 

Clot in 15 min. Bedissolved after 


1 hr. 

0.2 

Proteolysis withont coagulation 

0.3 

Proteolysis without coagulation 

0.3 

Proteolysis without coagulation 


Table X 


Action of Solution A on Phosph.vted Plasma 


TUBES 

REAGEN'TS 

IN CUBIC CENTIMETER.S | 

P.ESULTS 

pnOSPH.\TED 

1 Pt.ASM.S. 

Nad 

0.9% 

OXALATED 
SOLUTIOK \ 

1 

0.1 

0.1 

0.4 ' 

Proteolysis without coagulation 

o 

0.1 

0.3 

0.2 

1 Proteolysis without coagulation 

<> 

0.1 

0.5 

0.05 

1 No proteolj'.sis. No coagulation 

4 

0.1 

0.7 

0.01 

1 No proteolysis. No coagulation 


T.vble XI 


.Action op Solution .V ox Fibrinogen to Which Thromboplastin Is .Added 


TUBES 

OX.VLATED 

FIBRIKO' 

1 GEK 

TIIROMBO- 

PIASTIK 

1 

OXAL.VTED 

SOLUTION 

A 

Nad 

1 0.9% 

P.ESULTS 

1 . . 

1 ' 

0.1 




Proteolj-sis without 

coagulation 

o 



0.4 

0.4 

Proteolysis without 

coagulation 

R 


0.003 



Proteolv.sis without 

coagulation 

4 

1 O.l 

n.ool 


1 0.4 

Proteolysis without 

coagulation 
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2. Added to oxalated plasma, solution A has the same action as chloroform 
serum. It clots oxalated plasma, provided there is a sufficient amount of the 
latter (Table IX, tubes 1 and 2). If the quantity of plasma is too small, solu- 
tion A fibrinolyzes fibrinogen ■without clotting it, as shown in Table IX, tube 3. 

3. Added to oxalated plasma deprived of prothrombin (pJmsphated plasma), 
solution A never clots it, but added in sufficient quantity solution A fibrinolyzes 
the fibrinogen of phosphated plasma (Table X, tubes 1 and 2). Added in smaller 
quantities, it leaves it intact, as shown in Table X, tubes 3 and 4. 

4. If thromboplastin is added to fibrinogen, solution A produces no clot, in 
contrast to chloroform serum tlie fibrinolytic power of which, as stated pre- 
viously, can be transformed into clotting power by means of thromboplastin 
(Table XI). 

5. From the foregoing experiments it may be concluded that solution A 
is not prothrombin. Protlirombin has no clotting effect in the absence of cal- 
cium. 

6. Solution A is not thromboplastin because thromboplastin never clots 
oxalated plasma. 

In summaiy, it may be said that solution A has an enzymelike, and prob- 
ably a proteolytic effect on fibrinogen. Its activity, with respect to the phe- 
nomenon of blood coagulation, presents the following features: it clots ox- 
alated plasma. Unlike chloroform serum, its mother substance, solution A never 
clots plasma deprived of prothrombin, nor does it coagulate fibrinogen to which 
thromboplastin is added. The clotting activity of solution A is probably due to 
its action on prothrombin, which is converted into thrombin even in the presence 
of an excess of sodium oxalate without participation of calcium platelets or 
thromboplastin. 

There is a striking similarity of action between the enzymelike substance 
contained in solution A and tr}q)sin. The effect of trypsin on blood coagulation 
was studied principally by Eagle and Harris.® According to these authors, 
trypsin, like solution A, lyzes fibrinogen ^vithout clotting it, but it has a strong 
clotting action on oxalated plasma without the participation of calcium, platelets, 
or thromboplastin. Added to prothrombin, optimimi quantities of trj'psin change 
it into thrombin. Larger quantities fail to do so since they bring about the 
destruction of prothrombin. The same thing happens when trypsin is allowed 
to remain in contact with prothrombin for a long time. Both prothrombin and 
the thrombin which is formed are destroyed. Eagle and Harris conclude that 
trypsin acts in the mechanism of blood coagulation like the system calcium 
platelets or calcium thromboplastin does. The theory of blood coagulation, 
adopted by Eagle and Harris, accoi'ding to which thrombin results from the 
interaction between prothrombin and thromboplastin plus calcium, permits no 
other conclusion. 

In order to investigate further the identity of the action of trypsin and the 
enzyme contained in solution A, the effect of solution A on the prothrombin 
solution, prepared as described above, was studied. Varying quantities of solu- 
tion A were added to 0.5 c.c. of oxalated prothrombin. They were allowed to 
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interact at 37° C. during different periods of time. The thrombin produced in 
every case was tested on fibrinogen, and the clotting time was recorded. To rule 
out an eventual spontaneous formation of thrombin from prothrombin, a control 
was made by allowing pure prothrombin to remain at 37° C. for the time of the 
experiment,’ and testing it on fibrinogen. The experiment was carried out at 
pH 6.7, 0.5 c.e. of pho.sphate buffer being added to each sample. The results 
(Chart 1) show that the activation of prothrombin into thrombin by solution A 
is soon followed by inactivation of both the prothrombin and the thrombin 
formed. This is consistent with tlie results of Eagle and Harris with trypsin. 



Chart 1. — Production of thrombin from prothrombin and solution A. 

The same procedure which furnished .solution A can be applied to a chloro- 
form serum, which is characterized by contact of the serum and chloroform for 
less than twenty-four hours. In this case the solution obtained has the propei’ties 
of thrombin which arc more marked the shorter the time of contact with chloro- 
form. 

The isoelectric precipitation at pH 6 of diluted chloroform serum is not 
the only means to isolate the active fibi-inolytic principle from this .serum. A 
highly satisfactory proce.s.s consists in dialyzing chloroform serum in cellophane 
against running tap water below 10° for three days ; the precipitate of euglobulin 
formed is treated as the precipitate obtained by isoelectric precipitation. Both 
solutions, obtained either by precipitation at pH 6 or by dialysis, exhibit exactiv 
the same properties and may, therefore, be a.s.sumed to contain the same principle 

DI.SCUS.SION 

The experimental data indieatc that chloroform serum prepared from the 
blood of dogs after twenty-four hours of contact with chloroform e.xhibits 
properties different from that obtained after only one hour of contact. Whife 
chloroform serum obtained after only one hour of contact with chloroform 
eoagidates fibrinogen with subseciuent fibrinolysis, that obtained from twentv- 
four hoin-s eontael in the same eoneeiUration produces complete fibrinolvsis 
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without preliminary coa 5 !;ulation. Very low concentration of chloroform serum 
obtained after twenty-four hours contact will dot fibrinogen. The dot, however, 
disappears very rapidly. 

The saline solution of the globulin fraction derived from chloroform serum 
after twenty-four hours (solution A), prepared by isoelectric precipitation at 
pH 6, or by dialysis, differs from chloroform serum ifsdf in several par- 
ticulars. While solution A can coagulate oxalated plasma, it cannot, unlike 
chloroform serum, in any concentration coagulate pIio.sphated plasma or 
fibrinogen to which thromboplastin has been added or pure fibrinogen itself. 
Prothrombin must be added to fibrinogen solutions before coagulation takes 
place. 

Solution A, however, does produce fibrinolysis but does so without any 
preliminary clotting activity. Chloroform serum does not require the presence 
of added prothrombin because it presumably already contains some of this sub- 
stance, in either free or combined form. In certain concentrations, therefore, 
chloroform serum acts like thrombin, since it can produce coagulation of pure 
fibrinogen. 

With respect to blood coagulation, solution A has enzymelike characteristics 
and resembles much in detail the action of trypsin reported by Eagle and 
Harris.® So marked was this resemblance that one wonders whether this enzjnne- 
like material could be of pancreatic origin. Pancreatectomized dogs, the pan- 
createctomy being confirmed by post mortem and microscopic verification,” 
from whose blood cliloroform serum was made at intervals over several months, 
disproved this hypothesis. The characteristics of the chloroform serum remained 
unchanged. 

Eagle and Harris accept the two-stage theory of blood coagulation wherebj' : 
++ f Platelets 1 

1. Prothrombin + Ca or > Thrombin. 

L Thromboplastin J 

2. Thrombin + Fibrinogen — > Fibrin (clot) . 

From their studies on trypsin they propose an enzymatic modification of this 
reaction as follows; 

1. Prothrombin + Trypsin Thrombin. 

2. Thrombin + Fibrinogen — > Fibrin (clot) . 

From this substitution the conclusion must be drawn that trypsin replaces 
calcium, platelets, and thromboplastin in the blood coagulation reaction. 

The possibility that trypsin, a substance not yet identified with any blood 
constituent, having any connection with blood coagulation, seemed remote. The 
evidence that solution A resembles trypsin in many of its reactions is important, 
since solution A is obviously of plasma origin, requiring only the addition of 
chloroform to oxalated recaleified plasma to activate it. 

However, the experimental evidence presented in this paper does not permit 
the identification of solution A with any of the substances in the coagulation 
reaction presented by Eagle and Harris. It contains neither thromboplastin nor 
fibrinogen, and its calcium ion content, if anjq must be infinitesimal. Certainly 
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no pieformed thromboplastin was present sinee the parent plasmas showed no 
production of fibrin even after standing for eight days. Neither can solution A 
be said to be thrombin sinee it does not in pure form clot fibrinogen. 

If it can be said that trypsin, a substance foreign to the blood, can replace 
calcium plus platelets or thromboplastin in the blood coagulation reaction, it 
would logically follow from the experimental data, and from the fact that solu- 
tion A is a true blood derivative that it too can replace the calcium thrombo- 


plastin platelet system. 

Solution A is of plasma origin and can produce thrombin from prothrombin. 
It is highly probable, therefore, that it plays an essential role in the blood 
coagulation reaction. Its role is of such a nature that it would appear that cal- 
cium thromboplastin or platelets are no longer necessary in the coagulation re- 
action or plaj-^ only a minor role. 

One may go even farther than this and speculate whether the theoretical out- 
line of blood coagulation outlined above can any longer be true, since it obviously 
does not lend itself to the inclusion of the existence of an enzyme theory which 
the evidence of this communication would appear to indicate. 

The evidence for the enzjTuelike character of this plasma derivative may 
be briefly summarized. It lyzes fibrinogen, except in the presence of pro- 
thrombin, when coagulation intervenes followed by fibrinolysis. Neither calcium 
nor thromboplastin plays any direct role in this reaction. Thromboplastin can 
play a seeondaiy role, as sho^vn by the fact that the addition of chloroform serum 
in an amoimt that would normally lyze fibrinogen without coagulation, may be 
made to coagulate the fibrinogen if thromboplastin is added. However, thrombo- 
plastin does not have even this effect on solution A. It can augment the effect of 
prothrombin in this regard but alone has no effect on solution A. 

As remarked earlier in the discussion, chloroform serum prepared after 
one hour’s contact with chloroform differs in essential characteristics from that 
prepared after contact for twenty-four hours, A discussion of the reasons for 
the difference seems appropriate. 

During the initial shaking with chloroform, thrombin is immediately 
formed and in large concentration, as shmvn in Table I. Fibrin is also pre- 
cipitated. As time goes on the fibrin undergoes fibrinolysis due to the apparent 
proteolytic properties now present in chloroform serum. At the end of twenty- 
four hours, at which time the chloroform is removed bj' centrifuging and aera- 
tion, there is no longer any fibrin present. 


These facts are interpreted by reasoning that under the influence of chloro- 
form an enzymelike substance is produced which forms thrombin from pro- 
thrombin in the presence of calcium ion. The result of this reaction is fibrin 
formation. During the subsequent twentj'-four hours the enzymelike substance 
proteolyzes both prothrombin, fibrinogen, if any is still present, and fibrin. 
Table VIII and Chart 1 clearly indicate that the cmzymelike material is able 
to produce both of these effects. With the disappearance of prothrombin the 
enzyme has no longer any ability to coagulate fibrinogen, but becomes purelv 
hbrmolytic unle.ss prothrombin is subsequently restored. The last traces of 
lu-othrombin are removed when solution A is formed by isoelectric precipitation 
or dialysis of the chloroform serum. 
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The possibility that thromlhn itself ina}' contain as part of that complex the 
enzymelike matei’ial described in this paper cannot be excluded by the experi- 
mental data .here presented. The failure of certain thrombin preparations-' to 
display any such fihvinolytic activity would then he explained by the presence 
of thromboplastin as an impuritj^ in such prepavntions. The data slion- that 
thromboplastin when present can inhibit tibrinoJ 3 ’’sis. Tlie fibrinoljdic properties 
of thrombin previously described by Nolf'® and ascribed to the presence of one 
of its constituent substances tlu'omboz.vme may indicate a possible identity 
l)etween thrombozyme and solution A. 

The fact that the euzymelike substance contained in chloroform serum is 
precipitated at pH 6 and b.y dialysis suggests the possibility of a similarity 
between the active i^rineiple of solution A and the plasma substance acting on 
hemophilic blood, investigated by Pafek, Stetson, and Taylor. Should this 
be the ease, hemophilia u’ould be due to a lack of proteolytic libi’inolytic-clottiug 
enzyme in the ijlasma. 

SUMJIARY 

1. A method is devised for obtaining from oxalated plasma a proteolytic 
enzyme active in blood coagulation. 

2, Similar to tiypsin, this enzyme participates in the mechanism of blood 
coagulation by changing prothvoinbin into thrombin without calcium, thronibo- 
pla.stin, or platelets. 

3, The proteolytic action of the enzyme on fibrinogen is counteracted by 
prothrombin. Tlie action of prothrombin is reinforced in this respect by 
thromboplastin. Phosphated plasma and thromboplastin, without prothrombin, 
have no antilytic power. Prothrombin permits the enzj-me to manifest its action 
by a clotting effect. 

4, The antilytic action of thromboplastin explains why the proteolytic 
properties of thrombin were not found by many woz'kers since their thrombin 
was prepared by means of thromboizlastin. 

5. The fact that the enzyme is extracted from plasma and that it reacts 
with prothrombin to form thrombin without intem-ention of calcium or thrombo- 
plastin is good evidence that the enzyme plaj-'s a primaiy role in the mechanism 
of jiormal blood coagulation. This role is discussed. 

6. It is suggested that this enzyme is the substance, the absence of which 
causes hemophilia. 
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THE EFFECTS OF POLYVINYL ALCOHOL INJECTION.S ON BLOOD 

AND TISSUES* 


William R. Yocxg, 3I.D., A. .S. IMulay, Ph.D., and Amo.s Christie, J(I.D. 

Sax Fraxcjsco, Calif. 


pOLYVINYL alcohol is a synthetic cheniical.f Its colloidal nature, water 
A solubility, and inertness suggested that it may prove valuable as a drug for 
increasing blood colloids and thus osmotic pressure and blood volume. Lowered 
oncotic pre-ssure due to lo.ss of plasma protein plays a large part in the produc- 
tion of nepiirotic edema. Such substances as serum transfusion and intravenous 
gum acacia solution have been used successfully to counteract this lowered on- 
cotic pressure. Effects of intravenous acacia were studied in this laboratory.^ 
Hiieper,- working with rats and rabbits, reports the patholog 3 - produced by 
oral and intravenous administration of repeated small doses of polyvinyl alco- 
hol. Tins paper reports the results of a single massive dose of polyvinyfaleohol 
on kidney tissue. and the blood of normal dogs. 


^or Alvdioal Researci.. 

tDevclopoU by DuPont Company. 

for publication. Au^tst 11, 1341 . 
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Polyvinyl alcohol nsecl in tliis work teelmically referred to as “RH-391 
type B.” A 5 per cent solution of tliis eliemieal in physiologic saline, warmed 
to body temperature, was adminisfei'cd to noimal dogs intravenously, in one 
massive dose of 1 Gm. of the chemical pei- Ivilogi-am of body weight. Blood 
samples were taken before and at definite time intervals after the injection. 
Sedimentation rate (Winthrop method), cel] voJnme, red and white blood cell 
counts, oxygen and cai-bon dioxide content, and oxygen capaeit.v were determined 
on these blood samples. Blood and plasma smears were tested for the presence 
of polyvinyl alcohol by Liigol ’s solution as described by Hueper. Washed cells 
were also tested for the chemical before and after hemolysis and urine was also 
tested for the presence of the chemical. Polyvinyl alcohol particles stain blue 
with Lugol 's solution. Animals were observed for clinical symptoms of any ill 
eft'ccts, and the tissues of sacrificed animals were grossly and microscopically 
examined for damage caused this ehemieal. 

T.VBLE I 


Blood Determinatio.vs o.v a Healthv Dog Before axd .After I.vtr.vvexous I.xjectioxs of 

POEWIA'Vt, ALCOirOL* 



BEFORE 

IS- 


AFTER INJECTION 



JECTiON 

HR. 

1 UR. 

4 HR. 

24 HR. 

7 DATS 

Hemoglobin (per cent) 

127 

S2 

s- 


119 

112 

Vtliite blood cells (thousands) 

U.6 

5.6 

5.S 

12.9 

19.4 

9.4 

Bed blood cells (millions) 

6.S 

5.2 

4.9 

5.0 

6.3 

6.0 

Cell volume (per cent) 
Sedimentation rate, millimeters in 

71.9 

41.4 

42.5 

45.S 

44.7 

59.9 

15 minutes 

0 

53 

■iO 

43 

5 

3 

30 minutes 

0 

57 

53 


14 

3 

45 minutes 

1 

58 

55 

53 

40 

31 

00 minutes 

1 

CO 

ofi 

53 

43 

37 

CO, content (volume per cent) 

53.2 

54.1 

52.? 

55.1 

40.9 

46.6 

0, content (volume per cent) 

20.3 

12.2 

13.5 

13.5 

18.5 

1S.5 


'A single dose of 1 Gm. per kilogram of body n-eigJit as 5 per cent solution in physiologic 
saline. 


TjVBLE II 

Blood Determination on He.vlthv Dogs After I.njectio.v op Polvvtnti, Alcohol 


(Averages of all e.vperiments) 


. 


D.VYS 

AFTER INJECTION 



14 

20 

30 

45 

Hemoglobin (per cent) 


115 

110 

100 

120 

White blood cells (thousands) 

15.0 

10.5 

11.5 

12.9 

12.0 

Eed blood cells (millions) 

0-3 

5.9 

7.3 

6.6 

0.6 

Cell volume (per cent) 

43,6 

46,3 

46.3 

45.3 

47.9 

CO, content (volume per cent) 

52.5 

51,5 

52.3 

46.6 

50.4 

0, content 

14.3 

15.0 

14.9 

14.6 

16.3 

Sedimentation rate- 

btays increased even after forty-five days 



Bight dogs were used in these experiments. Injections were repeated on 
two dogs a second time. One was given a second dose of 0.5 Gm. of the chem- 
ical per kilogram of body weight twenty-one days after the first injection, and 
the other was given 1.0 Gm. per Idlogram sixty days after the first injeetion. As 
the results of all the experiments show a similar trend, observations on only one 











YOUKGETAL.; POEY\TXyL ALCOHOL INJECTIONS 

dog are recorded in the first table, and averages of aU observations are given m 
the second. 

Blood samples taken half an hour after the injection of polyvinyl alcohol 
show a marked decrease in all blood values, a dilution effect The drop in the 
white blood cell count is relatively greater than the drop in other blood con- 
stituents. Unlike other blood values, the white blood cell count rises above nor- 
mal after the initial drop and then comes back to normal gradually. Kise and 


I;/ 




V 




Fig. 1. — Early sections. 


fall in hemoglobin, red blood cells, cell volume, and oxygen content values follow 
each other very closely. Carbon dioxide content of the blood falls only after 
twenty-four hours after the injection. Sedimentation rate is veiy rapid half an 
hour after the injection and does not even approach normal at the end of fortj'- 
tive days after the injection. All other blood values return to, or approach 
normal witiiin one to three wcelis after the injection. Oxj-gen-combining power 
of the hemoglobin as determined by oxygen capacity per unit of hemoglobin is 
undiminishccl. 

Staining test.s show that polyvinyl alcohol can be traced in the blood for 
forty to fifty days, and gives very strong and unmistakable reaction up to thirtv 
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days after its injection. This chemical circulates in the plasma and docs not 
enter the blood cells. It is e.xcreted in urine, but to a very small degree. It 
accumulates in the liver, spleen, and kidney. 

One dog- became ill, refused to eat, vomited, developed diarrhea and a cold, 
lost weight, and died two weeks after the injection. Tlie second dog lost Ins 
appetite and began to lose weight shortly after the injection, and was sacrificed. 
The remainder of the dogs showed an initial loss of appetite and weight, but 
returned to noi-mal in a few days and remained so for the period of observation. 
The second injections were tolerated as well as the first. 



Fig. 2. — ..'Vfter second dose. 


Tissue examination showed i-ather mai'ked tubular degeneration, damage 
to glomerular tufts, and endothelial swelling filled with polyvinjd alcohol 
(Fig. 1). The tubular lumina and epithelial lining also contained the chem- 
ical. Liver and spleen tissue also showed accumulation of polyvinyl alcohol. 
In the tissues of the dogs given second injections, many glomerular tufts were 
only one-quarter normal size due to fibrosis and round-cell infiltration (Fig. 2). 
Hueper, working with rats and rabbits, found similar damage to tissues after 
several subcutaneous or intravenous injections of polyvinyl alcohol in small 

doses. 
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Although polyvinyl alcohol is an inert chemical, and animals receiving it 
even in massive doses seem to be noiinal after initial loss of u eight and ap- 
petite, blood and tissue examinations show that the animal body is unable to 
break' up and eliminate this compound, thus causing its accumulation in tissues 
and tissue damage, the kidney in particular. This makes it unsuitable and 
probably dangerous as a therapeutic agent. 
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THE TEEATJIENT OF ARTHRITIS BY ELECTROPYREXIA 
INCLUDINO SOhlE PHYSIOLOGIC STUDIES 
DURING FEVER THERAPY” 


S. L. OsBORXE, il.S., Ph.D., D. E. JIarksox, iM.D., F.A.C.P., R. E. Driscoll, 
hl.D., AXD J. R. hlERRDIAX, M.D., CHICAGO, IlL. ' 


N umerous reports have appeared .since our original communication^’ ^ 
evaluating artificial fever in the ti’catment of chronic arthritis. Marked 
differences of opinion exist as to the merits of this therapj'.®'” Onr study gives 
the results obtained witli eleetropyrexia in 27 patients suffering from chronic 
infectious arthritis. 

.METHODS 

The patients ranged in age from 17 to 68 years and were selected from the 
arthritis clinic of Nortliwe.stern University Medical School. Each patient ivas 
examined in the general medical c-linie, and was followed by a re-examination 
in the arthritis clinic according to a definite routine. Tliis ruled out many vague 
syndromes .simulating arthritis, and at the same time gave ns an opportunity 
to determine the patients’ probable ability to withstand the treatment. Eleetro- 
jiyrcxia was advised after the routine measures of management had been tried 
without any improvement. 

The treatment, given once a week, consisted of four hours of fever between 
104° F. and 104.6° F. An effort was made to keep the temperature as close 
to 104° F. as po.ssiblo. Each patient received from six to eight treatments. 

At the time of the physical e.xamination of the patients, a quantitative chem- 
ieul analysis for total and fractional proteins was made, in addition to the usual 
laboratory test. 

The patient’s temperature was elevated by using a fever cabinet in eom- 
■bh^ii with an induetotlierm. Rectal temperature was read witii an indicating 

»lly xm Xorthwo.tern Univor- 

Kl'CcIvoiI for publication, .luguat 11, 1911. 
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pj^rometer and recorded every fifteen minutes, together witli the pulse rate and 
respix’ation. Fluids were administered to the patients in tlio form of 0.4 per cent 
sodium cliloride solution. Tlie fluid intake was limited to 250 c.e, for each fifteen- 
minute period unless more could be given without causing distress. In this way 
nausea or vomiting was seldom encountered. 

None of our patients was given sedatives. 

At the beginning of each treatment wdien the patient’s rectal temperatnre 
reached 104° F., when this tempoi-ature liad been maintained for four lioiirs, 
and, finally, when the patient's rectal temperature had returned to normal the 
following physiologic tests were undertaken : 

1. Blood pH determinations by means of the Dole glass electrode were 
made on 10 patients. 

2. Blood density determinations, using the Barbour and Hamilton’- 
failing-drop method, were made on 11 patients. 

3. Ascorbic acid concentration of the blood was determined in IS pa- 
tients by the method of Parmer and Abt.’’ 

4. Circulatory changes w'ere measured in the ring finger of the left 
hand by means of the Johnson air conduction plethysmograph on 
12 patients. 

5. Blood pressure was recorded before and after each treatment for 10 
patients. 

T.\bi,e I 

Jlarltedly improved (I patients ( 22 %) 

Moderately improved 6 patients (22%) 

, Slightly improved 9 patients (33%) 

Unimproved 6 patients (22%) 

27 


RESULTS 

Following fever thei-apy, the patients returned to the arthritis elinie tvhere 
the clinicians of that department evaluated the improvement. The results are 
tabulated in Table I. The criteria used in evaluating improvement in this series 
included the patient’s statement of relief of pain and stiffness. The degree of 
fatigue was less, and its occurrence was not so frequent. The objective evidence 
consisted of decreased swelling, inci-eased motion of joints without pain, and 
gain in weight. Improvement was graded according to the period of time relief 
persisted. 

Slight improvement consisted of temporary improvement, with decreased 
pain and stiffness in joints for a variable period of time. Moderate improvement 
consisted of decreased pain and stiffness, decreased swelling, and inei-eased mo- 
tion in the joints for three months or longer. Marked improvement consisted 
of decreased pain, stiffness and .swelling, mth marked increase in joint motion; 
patient able to return to work. The period of relief lasted for one year or 

longer. 
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It will be noted (Table I) that in only six {22 pel- eent) ol the gioup weic 
the i-esnlts sullieiently strihing over a period of one year or onger to be ela.ssdied 
as markedly iinproveil. In no ease in the group was a eoinplete permanent lesult 
obtained so that the designation -‘enred’’ eould be used. 


Tahu; II 
Laiiouatokv J>ata 


A. Specific Gravity o£ Wood 



Kl.Al'riKl) 

TIMK 

HOL'It.S 

AVKUA(iK 

VAIXK 

2 <r DIFKKi:- 
y.SL-y. ± 

CIIANGK ± 
KKOit 
CONTUOIi 

NO. OK 
OUSKIiVA- 

TIO.N'S 

Control 

Temporature reached 
lOd-* P. 

Temperature four hours at 
lOt'-lOl.t)- F. 

Temperature normal 

0 

<1 

s 

1.055.1 

1.0552 

1.0511 

O.OOIS 

0.00 IS 

0.002 

0.0019 

0.0010 

o.ooos 

*10 


13. Afcorbio Acid Blood Concentration 
ing./lOO c.c. 


Control 

Temperature reached 

103“ F. 

Temperature four hours at 
104“-103.0“ F. 

Temperature normal 

0 

o 

ti 

S 

0.02 

O.OS 

O.liO 

0.04 

0.104 

0.100 

O.OSS 

0.00 

0.04 

0.02 

77 

C. Blood pH 

Control 

0 

1 7.41 

- 

' 

33 

Temperature reached 

2 


0.03S 

0.14 


104“ F. 






Temperature four hours at 

6 


0.0390 

0.11 


104“-104.G“ F. 






Tempeniture normal 

S 

masM 

0.02S 

0.003 



D. Blood Pressure Clianges 



AVERAGES | 

DIFFERENCE 

2 a DIFFER- 
ENCE ± 


OBSERVA- 

TIONS 

BE- 

FORE 

AFT- 1 
EB 1 

-A. Systolic pressure 

129 

108 

-21 

7 


24 

13. Uiastolie pressure 

83 

09 

-14 

0.4 



0. Pulse pressure 

40 

39 

- 7 

- 




In Table II data of the laboratory studie.s are given. The average blood 
pH for the group was 7.415 for the control period, 7.55 at a temperature of 
104° F., 7.52 four hours later, and 7.418 Avhen the temperature dropped to 
normal. This shows an uncompensated alkalosis during the febrile period. 

The gi-eatest change in the blood density occurred during the induetion of 
the fever, but inasmuch as the only significant figure Avas in the fourth decimal 
place, Ave have considered the change as insignificant. 

Pig. 1 shoAA-s the typical finger volume changes of the aA-erage patient se- 
cured by means of the plethysmograph. The photographic record. Fig. 1, 
clearly shoAvs the magnitude of the changes found. The maximum response 
occurred betAveen a temperature of 103° P. and 104° P. Occasionally the max- 
imum response Avas recorded at 102° P. 

No significant changes in the ascorbic acid concentration of the blood plasma 
Avere found Avhich eould be attributed to the influence of eleetropyre.xia. 






















113S 


the jouhxal of lauoratoky and cuxicae JIEDICIXE 


The average of 26 determinations of total serum protein, albumin, and serum 
globulin of the blood prior to treatment are sliown in Table III. The total 
serum protein of the blood ranged from 6.02 per cent to 9.2 per cent. TJie great 
majority (18) were within the accepted standard range of 6.0 to S.O Gm. per 
100 c.c. Eight patients ranged from S.l to 9.2 i)er cent. Three patients showed 
a higher percentage of serum albumin tlian tlie normal range of 3.6 to 5.4 per 
cent. The serum globulin was lower than the normal range of 1.5 to 3.4 in four 
patients, and was higher in four. The albumin-globulin ratio was reversed in 
two patients. The average ratio for the 26 patients Avas 1.9, One patient Avas 
below the accepted normal range of 1.2 to 2.6, and si.x were above. The average 
value for fibrinogen was 0.42. 


FIIV6EK VOLUME •' o.oo5«. 






y---yy i r-' "...yfr.y.i.y.'; \ 


TIME:6‘<5 

RECT.T£MR9a.6 

_ . 

PULSE: 7^ 

RE5P. 18 

PRE55.' 

f BLOOD ii<fZ 

PULSE hS 

BEFORE TREATMENT 


CHANGE IN FlN6ERy0Ly«E.* 0.0313 «. 



T1ME=72‘» 


mJEMF.IOiii 




FESFlii 


PRESS. 


] Sloop lio/is 
PULSE 65 


CURRENT OFF 


Fig. iA. 

Fig. -H.- — The effect of artificial fever on the blootl volume of the finger as measured 1)3' 

air conduction plcthysmograph. 

The systolic blood pressure averaged 129 mm. Hg befoi'e treatment, and the 
diastolic pressure averaged S3 mm. Hg. After treatment both sj^stolie and di- 
astolic pressures had fallen to 108 and 69 mm. Hg, respeetiA-ely (Table II H). 
These wez’e significant changes as can be seen by referring to Table II. 

PATIEXr REACTIONS 

The majority of the patients tolerated the treatment quite well. Tlie com- 
plaint of headache ivas not infrequent. Occasionally a patient had paraestliesia 
of both hands, and dizziness. One patient of this series vomited. An unlisted 
patient at the completion of his first treatment suddenly failed to respond to 
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(lue.slioii.s, aiul thfii liocaiiu' irrational. Tliorc was a Itrirt i)rri()(l of [tai.ilj.sis 
of the riurht ariit and riuht Irii. 9'ln* liOt nasolabial told \sa.s criadir.iledj iind 
tho month was drawn down on the lett side. Alter it period ol thirty ininntes 
the patient Wits able to re.spond to tpiestions but was still eonliised. Still an- 
other piitient, L. B., developed an iinrieiiliir fibrillation, w;i.s nauseated, Inid 
marked eirenmonil p;dlor. cold skin, iind eoin])htined of taintne.ss iind iibdoininiil 
pain. This instanee of sltoek tlevelojtetl durinti the si.\th <ind hist treiitinent. 


CHBNGf IN FIN6ER YOLmE^ O.O^ilSec. 



TIME 8 w 

REa.TEMP. 10^1.3 

PULSE no 

RESP.I^ 

PRESS. 

BLOOP IZtj^o 
PVLSS So 

temperature FIRST REACHES lO^^F 


CHANGE IN FINGER VOLUME.- O.Olbbu. 



TIME IZ50 


RECT.TEMP. 104.0 

PULSE 100 

RESP. 12 

PRESsj 


BtAtOP \OS/bb 
PuLiS kZ 


Temperature mrint/hnep u hours 


CHANGE IN FINGER VOLUME; 0.0l3bce. 



TIME 


REtTflt TEMP. 100 

PULSE 70 

RESR 12 

PRESS. 


BLooo 10 $/H 

ki 


TERMINaTlON OF TREftTMENT 


Fig- IB. 

Patient H. G. during his sixth and last treatment developed marked cyanosis af 
well as a twitching of the fingers of both hands. The heart tones Avere distant 
The blood pH Avas 7.62. This patient’s condition undoubtedly could have beer 
relieved by the administration of carbon dioxide inhalations. Ten patients nol 
listed completed only one or two treatments for various causes. One such pa 
tient after the second treatment developed a typical papular tj-pe of rheumatic 
rash, and treatment was, therefore, discontinued. 
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DISCUSSIOE’^ AND SU.MJrARV 

That none of our patients \yiis “cured” lias neither surprised nor dismayed 
us. 

The current report^* of the American Khcumatie Commission recently pub- 
lished by Heneh and his collaborators shows only too well hoir far ive are from 
the solution of the problems of arthritis. It indicates that there is far from 
unanimity among recognized authorities as to a standard classification of the dis- 
ease in its various manifestations. The multiplicity', as well as the variety of 
the therapeutic procedures used for its control, certainly shows that the fimda- 
mental concepts of the disease are as yet little understood. 1100011 ’“ states that 
fever therapy’^ may' benefit arthritis by (1) direct bacterioly'tic or bacteriostatic 
effects due to an influence of heat itself on bacteria; (2) a local effect from 
vasodilatation providing an augmented blood supply to inflamed tissues; (3) in- 
creasing indirectly the foi'mation or mobilization of immune bodies; (4) a gen- 
eral effect from the Jieightened metabolism incident to fever. Whatever may' he 
the factor that accounts for the benefit of fever therapy in arthi'itis, Heneh is 
certain that selection of the patient is of prime importance. We select our cases 
from the atrophic group aloue, preferably' those who have not had their arthritis 
longer than two y'ears. Those whose arthritis is well advanced and arrested can 
hope for only slight improvement, such as gain in weight, less pain and stiffness, 
less fatigue, but very little improvement in joint function. Unquestionably 
no one yet can claim to have solved the problem of the correct temperatures to 
be employ'ed, the duration of the fever or its frequency of application, nor have 
the possibilities of fever therapy' used in conjunetion with other procedures been 
fully explored. 

Our patients were all referred to our clinic from outside sources for treat- 
ment and in most cases long after other forms of therapy' had failed to give 
relief. 

In this study it was our aim to evaluate further the results of the short 
fever curve maintained at 104° F. for four lioius. These additional patients 
tend to confirm our previous impression” that improvement of the patient is 
greater and of longer diu’ation Avhen the fever is maintained for eight hours. 
In this series ive also gave a minimum of si.x tz’eatments, but undoubtedly this 
is far too few. It may' well be that such a series of treatments repeated once or 
twice a year might produce much better results. 

The plethysmographic records would seem to indicate that a rectal tem- 
perature exceeding 103° F. to 104° F. is neither necessary' nor desirable. The 
maximum changes in tlie peripheral circulation apparently occur at this tem- 
perature level, and if increased circulation is the therapeutic objective, then 
these temperatures should not be exceeded. High temperatures are contra- 
indicated for this tj'pe of patient because many of them give eA'idence of a 
vasomotor instability, and have a Ioav threshold for exhaustion. Furtherznore, 
it is our opinion that they' should not be subjected to liigh enA'ironmental tem- 
peratures. It can be seen from Table II H that there is a very significant drop 
L blood pressure as a result of the fever treatment. This may be due to a low- 
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ercd porijdioral resist aiu’c, caused liy tlie marked vasodilatation which is pies- 
eiit, and to a lowered hlood volume level. 

Investigators vary markedly in their reixirts as to what eonslilutes the nor- 
mal hlood levels of ascorhic acid either in healtii or in disea.se. Aht and Farmer*'- 
consider hlood plasma values helow 0.7 mg. per 100 e.e. to he .suhoi)tiinal, Daum, 
Boyd, and Paul"’ state that the normal aseorhie acid content ol’ the hlood ranges 
between 0.7 and 2.0 mg. per cent. The a.ssumi)lion ha.s been made that fever 
therapy increases vitamin C recinirenient, hut direct e.xperimental i)roof is lack- 
ing. While the average ascorbic acid concentration of the blood for the grouj) 
was 0.62 mg. before treatment, the range varied from 0.2.S to 0.72. !Many values 
found in these patients are considered to i)e very low normals. Thirty-three of 
the 77 determinations before treatment showed a level helow 0,5 mg. This is of 
interest in light of Rhinehart’s investigations. lie found that subacute or 
chronic vitamin C deficiencies in guinea pigs produced an arthropathy with 
manifold similarities to rheumatoid arthritis, and that superimpased infection 
accelerated or accentuated the pathologic proce.sses. Infection in the presence 
of vitamin C nutrition, he noted, failed to produce arthritis. 


Tabck III 

D.cta or Bi,oon Piioteis Axaj.ysis 


(go Determinations) 



K.\SGE 

AVEfLVGE 

Jt.VXUtUll 

MIN'IMUU 

Total blood proteins 

£1.2 



Albumin 

7.0 



Globulin 

•J.7 



Fibrinogen 

0.82 



X./G. ratio 



7.9 


It is apparent that artificial fever produces a significant elevation of the 
blood pH. The average pH value of 7.55 found at a temperature of 104° P. 
indicates a state of uncompensated alkalosis. The lo.ss of carbon dio.xide by the 
body through the lungs and sweat during the fever Is undoubtedly of prime 
importance in increasing the alkalinity of the blood. The skin is a path of 
carbon dio.xide loss of some importance. Koehler'* is of the opinion there is a 
direct correlation between cyanosis and certain types of alkalosis. :ilild cyanosis 
is not an uncommon occurrence in fever therapy. Koehler believes that fever 
alkalosis is due to increased lung ventilation and the rapid elimination of carbon 
dioxide from the blood, thus causing a carbon dio.xide deficit, which in turn 
re.sults in the passage of sodium ions into the ti.ssue fluids and partially into the 
urine. Landis and collaborators'* do not believe that h3-perventilation is the 
sole cause of the pH change, but is dependent on several factors, such as the 
kidneys, the degree of sweating, and lactic acid formation. 

Bisehoff, UUmann, HiU, and Long'* do not agree with Koehler that an 
anoxemia exrsts in the presence of a fever alkalosis. As a result of the low 
ered carbon dioxide tension in the blood and increased pH, the stability of the 
oxyhemoglobin increases. If the circulation and the metabolism did not in 
crease at the same time, the question would be quite simple. With an increase 
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in circulation, lioirever, tlie tissues are exposed to more blood per unit of time 
so that the effect of tlie hemoglobin stability might be offset if the demand for 
more oxj'gen due to increased metabolism were not too great. It would seem 
then that instead of supplying the very distressed patient with oxygen as has 
been the tendency during the past few years, that it migJit be far more effective 
to give 8.5 per cent of carbon dioxide or oven have the patient rebreathe air 
from a rubber bag. The unusual symptoms deserilicd for four patients are those 
resulting from hj-perventilation of varying degree. Kecently, Hinshaw and 
Boothby-® have described this syndrome. Recently, also, we have undertaken 
some rebreathing experiments using a Boothby-Lovelace-Bulbulian face mask 
and as a result it is our oiiinion that had rebreatliing lieen instituted during the 
period of hyperventilation all thc.se patients would have completed treatment 
successfully. 

Several investigations have been made chiefly on animals, a few on human 
beings, but none under comparable conditions, on tlie effect of fever on hemo- 
coneentration. Observed blood changes-' hai-e freciuently been explained as due 
to a concentration phenomena. According to Howell,-- the specific gravity of 
human blood may vary from 1.041 to 1.067, the average being 1.055. All of our 
determinations (Table II) came within this range. Gibson and Ivopp-“ state 
that one of the major physiologic effects of artificial fever induced by physical 
means is a diminution in circulating blood volume. They state that the degree 
of reduction in plasma volume is determined by the difference in rate of outflow 
by skin, lungs, and kidneys, and of effective absorption of fluids administered. 
If insufficient fluids are given the tissues, fluids of the body are drawn upon for 
the maintenance of plasma volume with resultant dehydration. Undoubtedly, 
the blood density will be dependent upon the balance of fluid loss and fluid 
gain, and one might readily criticize our work in that we did not control these 
variables. As previously stated, we gave fluids both in regard to ipiantity and 
rate, according to our judgment of the patient's need. We were interested, 
irrimarilj-, in ascertaining changes in hemoconcentration under the conditions 
of our therapeutic regime. In the thirty determinations of the specific gravit}' 
of the blood no significant changes were found. Apparently hemoconcentration 
is not the mechanism involved to account for the changes occurring in the blood 
cell count when fluids are administered during the course of treatment. 

Our analysis of the blood serum proteins does not support the work of 
Davis.-* Davis studied the blood plasma of nine patients with rheumatoid 
arthritis and found an increase of the globulin and fibrinogen as n^ell as a low- 
ered albumin of the blood plasma. The average albumin .-globulin ratio of 
his nine patients was 0.9, while ours was 1.9. Two of our patients showed a 
reversal of the usual ratio (0.S4 and 0.S5, respectively). In both instances 
the reversal was due to an increase of the globulin fraction. Block-® seems to 
believe that the albumin ;globulin ratio is shrouded in a considerable degree of 
empiricism. Peters-® states that studies of protein disturbances without si- 
multaneous data on salt and fluid balance are valueless. 

The average values for the total serum proteins, albumin, globulin, and 
fibrinogen of our patients conformed very well to the average normal values. 
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CONCI.USION.S 

1. Twonly-sevoii patients .siitl’erinf' tVoin elii'onic iiil'cctions artiiritis were 
submitteil to a fever of 104° I-'., maintained for four Iionrs, and induced by 
eleetroniaiinetie induction. 

2. Various j)!iysiologic oI).scrvations, sucli as blood pll, ascorbic acid con- 
centration of the l)loo(l, tile specific f'ravity of lilood, finger volume elwnges, 
total and fractional blood iirotcins, and blood pre.ssurcs arc reported. 

3. Twenty-two per cent of the patients were markedly improved; 22 per 
cent moderately improved ; 33 per cent slightly improved ; and 22 jicr cent nn- 
improved. 

4. This form of therapy is not specific for chronic infectious arthritis but 
should be used in properly selected patients. 
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THE AMOUNT OF PLASJIA AND WHOLE BLOOD 
IN THE LUNGS OP DOGS'* 


John L. Keeley, M.D., Chicago, III., and 
John G. Gibson II, IM.D., Boston, Mass. 


F EIrV previous studies conceniiug the amount of blood in the lungs are avail- 
able. Stewart' calculated the quantity of blood in the lungs in dogs hvm the 

cardiac output per minute and the pulmonary circulation time, using the 
pn 

formula V — Q ~ . He expressed it as per cent of the total blood vohuue 

{estimated to he one-thirteenth of the body weight). His figures ranged from 
11 to 26 per cent, and averaged 17 per cent. Kuno’s- figures of S.S per cent 
to 19.44 per cent of total blood volume (estimated at one-fourteenth of body 
weight) in both lungs were obtained by colorimetric determination of the blood 
content of lungs from lieart-lung preparations. Blumgart and Weiss® de- 
termined cardiac output and net pulmonary circulation time in human beings 
and, using Stewai't’s formula, calculated that the lungs contain 10 to 41 per 
cent of the total blood volume (estimated to be one-thirteenth of the body 
weight), the average being 21 per cent. Bruns* found that 6.3 per cent of the 
total blood volume in rabbits was in the lungs. Drinker, Churchill, and Perry® 
tabulated the results of some previous investigatoi’s®'® and found, in three series 
of experiments, that in the rabbit tlie lungs contained 1/10.7 to 1/12.5 of the total 
blood volume at the end of inspiration and 1/15.3 to 1/17 of the total blood 
volume at tlie end of expiration. We have attempted to reinvestigate the 
question by a direct method of measui’ing the amount of plasma and (hy 
calculation) whole blood in a single isolated lung. 


PKOCEDUKE AND ilETHOD 


Large normal mongrel dogs were used. Anesthesia was induced by tlie 
intravenous administration of pentobarbital (nembutal) in doses of 32.5 mg. 
per kilogram of body weight. After intubation of the trachea the chest was 
opened through the left foui’th intercostal space. Adequate pulmonary ventila- 
tion was maintained by means of an Erlanger respirator. The pericardium was 
opened. The left branch of tlie pulmonary artery and the three left puhnonary 
veins were isolated and encircled separately by pieces of No. 1 chromie catgut, 
which were brought out through glass tubes, so that tension on the catgut closed 
the lumina of the encircled vessels. These tubes were bent in such a way as to 
conform to a space between tlie heart and the left lung, so that neither ehambei's 
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of ibe hi'iu-t. nor portions of tlio loft hm-' would be oollapsod by ineelnmioiil inter- 
fcvonce. The ^dass tnbi's in-otrnded from the ehe-st wall, tiie layers of wliieii 
were closed ti^'btly about the tubes, dust before eoinpletinif the elo.siire of tiie 
wound, the lun',;s were fully inllated. To prevent pneumothorax, the ends of the 
illass tubes wiiieh protrudeil from (he ehest irall were scaled with iione w<ix 
throimh which the eatiiut lii;atures pas.sed. A moderately stout rubber iiand 
was then fastened to each eal-nt lletature. fn Experiment 1 the intratraelieal 
tube was removed, and .spontaneous re.spiration was cstubli.shed. In I'jxperimcnt.s 
2 and 3 intermittent insufllatlon was continued throu^'hout the remainder of the 
experuuental period. After allowinii .several minutes for stabilization of the 



Fie. 1. — Tho concentration ot dye in the circulating plasma is charted In relation to tiie 
intervals foliowing (1) a singie injection of dye, and (2) release ot the ligatures. By extrapola- 
tion ot the slopes thus obtained the circulating plasma volume before and attcr the release of 
the ligatures was determined. The difference represents the amount of plasma contained In 
the left lung. 

circulation, the left lung was isolated from the general circulation by .simul- 
taneous traction on the four rubber bands. The plasma volume in the remainder 
of the circulatory system was then determined by the dye method of Gibson 
and Evans.^“ After twenty-one, twenty-one, and twenty-two minutes, respec- 
tively, in the three experiments, the ligatures were released, allowing the undyed 
plasma trapped in the lung to re-enter the general circulation. Blood samples 
for total plasma volume determinations were taken at intervals during the fol- 
lowing twenty minutes. 

The volume of plasma in the left lung was calculated as follows (see Pig. 
1) : The amount of circulating plasma was determined on the basis of the slope 
of the disappearance of the dye from the blood stream with the ligatures closing 
the lumina of the vessels of the left lung. On release of the ligatures the undyed 
plasma contained in the left lung further diluted the remainder of the plasma 
and the total plasma volume was determined from the new disappearance slope 
(extrapolated to the time of the dye injection) obtained from the dye concentra- 
tion of the blood samples taken after mixing was complete. The difference be- 
Uveen the two volumes was taken to represent the amount of plasma contained 
m the left lung while it was isolated from the general circulation. Blood for 
hematocrit determinations was taken during both phases of the experiment 
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TAm>E I 

CiKCULATixG Plasma Volume ani> Average Hematocrit Before and After Release of the 
Ligatures; Calculated Volume of- Plasma Trapped in the Left Lung and 
Percentage of’ Total Plasma Volume in tub Left Lung and 
IN Both Lungs 



PLAS.^^A 

VOLUMK 

AVEIIAOK 
HEMATO- : 

PIASMA 

PLASMA IX 



VOLUME IX 

LEFT LUXG 
(%) 

both 

LUNGS 

{%) 

REM.tRKS 


(c.c.) 

CUIT 


Exp. 1, 19 kg. 

Ligatures closed 

019 

50.5 



Animal breathing spon- 

Ligatures open 

009 

50.25 



taneously 

Volume of plasma in 

50 



18.5 

No pneumothorax 

left lung ; 


1 




Exp. 2, 27 kg. 
Ligatures closed 

910 

58.1 



Intermittent inflation 

Ligatures open 

902 

59.7 



Pneumothorax devel- 

Volume of plasma in 

52 


5,-i 


1 oped 

left lung 





' 

Exp. 3, 27 kg. 
Ligatures closed 


mm 



Intermittent inflation 

Ligatures open 





No pneumothorax 

Volume of plasma in 



7.5 

18.7 


left lung j 







RESULTS 

The results are shown in Table I. The left lung contained 7.4, 5.4, aud 
7.5 per cent of the plasma volume, respectively, in these three experiments. 
It has been shomi that in dogs, the quantities of blood in the light and left 
lungs are in the proportion of 3 :2.^> On this basis, the portion of the plasma 
volume in both lungs in these three animals was estimated to be 18.5, 13.5, and 
18.7 per cent. The results in Experiments 1 and 3 are in close agreement, but 
the lower value in Experiment 2 may have been due to a pneumothorax of un- 
determined extent wliieh was detected at the end of the experiment, as it has 
been shown that the quantitj'- of blood in a lung decreases with collapse of 
lung tissue.^' “ Hematocrit values ai’e shown in relation to closure and release 
of the ligatures in Fig. 2. There was little change throughout the procedure in 
Experiment 1, but in the other experiments there was a mai’ked tendency for 
the hematocrit to rise for some time after the release of the ligatures. The 
possible significance of these findings is considered below. 

DISCUSSION 

The validity of the results obtained depends upon several factors affecting 
the accuracy of the method of plasma volume determination employed and upon 
the plij’^siologic effects of the experimental procedures upon the circulation. 

The accuracy of the plasma volume determinations bj^ dye methods depends 
upon the complete mixing of the dye and plasma, and this, in turn, depends up- 
on maintaining an adequate circulation as to both volume and speed. It has 
been demonstrated that under similar experimental conditions the sudden 
occlusion of one branch of the pulmonary artery does not cause a significant 
change in the cardiac output."^' Thus, the same amount of blood goes through 
one lung as formerly went through both lungs, so that the circulation time is 
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(Wreased. .MiNin;^ of tho dyo and phusina was, lIiorofoiT, tlaui^ht, to ho satis- 
lat'tory. The ndiah’dily of the so-ealled “indireet ’ niotliod ot detoi-ininiii" 
vlvauws in \dasina volume with a siin^ie dye injection depends upon (1) the eou- 
staney of the intviusie eoloi- (oi- oiitieal .leiisity at a I'iveii wave leu-th) of the 
plasma itself, and ('!) the aeeiiraey with wliieh suddeu ehaiiiies in jdasma 
volume are vetleeted iiy the ditlereuees iu the .lisapiiearauee slopes obtained. Iii 
the formei- iustaiiee, if there is marked blood eoueeutratiou or dilution due to 
.shifts iu protein and pii^meut-free tluid, the optieal deusit} of the seiiim itself 



Fig. 2 .- — The hematocrit values in relation to the release of the ligatures. 


will increase or decrease, and the net optical density, presumably- due solely to 
the dye present, will give a distorted value. TJie magnitude of tliis error varies 
inversely rvith the concentration of dye ii.sed. Since the density value oi dye 
in these experiments was from ten to tAventj- times that of dye-free serum, this 
source of error can be disregarded. There is little doubt that the extrapolation 
of a disappearance slope of the dye affords the most accurate dilution value upon 
Avhich to determine the plasma volume. But if during such a control period, any 
great quantity of the dye disappears from the circulation, then the volume 
calculation based upon a second slope obtained after a sudden dilution, based 
on the same colorimetric constant for the original amount of dye injected wiU 
be in error. In these e.xperiment.s, not over 2 per cent of the dye left the ' 
stream during the time the initial slope was being obtained. Also, not or--- " 
c.e. (or about 1 per cent of average plasma Amlume) was Avithdrawn'j;, 

Therefore, this objection may be dismissed as insignificant. ~ 


Par more serious criticisms may arise on the basis of iJjc 
produced by the experimental procedure itself. It lias ue-;\ 


J'-'y />;oglc chatmA' 

fternorrstraU'd 1' 
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no communication exists between the bronchial and pulmonary arteries, but 
tlicre is a communication between bronchial arteries and pulmonary veins.” 
Tiiis communication is by means of capillaries, and the differences in size be- 
tween the bronchial and pulmonary vessels do not suggest the possiliility in' these 
experiments of any great degree of mixture between dye-stained blood in the 
systemic circulation and dye-free blood in the pulmonary vessels of the left 
lung. However, such a communication might permit a small quantity of whole 
blood to enter the pulmonary circulation from the systemic circulation, hut this 
quantity of blood would be added to that already isolated in the lung, there being 
no normal avenue by which blood may escape when once it is trapped in a lung 
by occlusion of the pulmonaiy veins. The disappearance of dye -from the cir- 
culating blood stream through the bronchial arteries would not affect the de- 
termination of circulating plasma volume, because both dye and plasma would 
leave the systemic circulation in such proportions as to be without effect upon 
the concentration of dye in the systemic circulation. Similarly, when the 
tourniquets wei'e released, the dilution which followed would be due to the 
original amount of dye-free plasma trapped in the lung. 

Some anoxia may have occurred in the isolated lung, and the resultant in- 
creased permeability of the pai’cnehymal capillaries may have permitted an 
escape of plasma, or of fluid poor in protein (and hence, dye) from the vascular 
bed. The rise in hematocrit in Experiments 2 and 3 (Pig- 2), after the release 
of the ligatures, suggests that this may have occurred. However, if the rise in 
hematocrit of the peripheral blood were due entirely to its mixture with the 
blood trapped in the loft lung, the hemoconcentration sliouki have been limited 
to the period iti ivhich dilution of dye occurred and should not have persisted 
thei'eafter (Pig. 1). 

If stagnation of blood in capillaries in the dependent portions of the left 
lung occurred during tlie period in which it was isolated by the ligatures, it is 
possible that all the blood trapped in the lung was not carried out when the 
circulation was re-established. This possibility cannot be ruled out, but in that 
event the values for the amount of plasma contained in the lung would be too 
low. 

' \Ye believe these results represent with reasonable accuracy the amount of 
plasma contained in the lungs of the dog in the resting state. No attempt has 
been made to determine the total blood volume in the lung from the change in 
plasma volume and the corresponding hematoei-it values. It is not known 
definitely -whether the ratio of plasma to cells is the same throughout the circu- 
lation, hut there is increasing evidence that the corpuscular concentration is 
much less in capillaries than in large central or peripheral vessels, and that total 
blood volume calculated from the plasma volume and the hematocrit of blood 
from a large peripheral vessel are too high. It seems probable, however, that the 
hematocrit values of blood from the jugular vein (source of blood samples for 
hematocrit here) should not differ greatly from that in the pulmonary artery 
or veins, and it seems fair to say that the percentage of total blood volume in 
the lung is roughly equivalent to the percentage of plasma volume in the lung. 
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Tlie results of (liis sliort series of experiiuents would not in tlieinsulves be 
of great signilieanee, but there is elose agreement between two of tlic delerinina- 
tious (Experiments 1 and ti), and it is believed that the presenee of a pneumo- 
thorax aeeounts for the differenee in the third (Experiment 2). 'Ibe average 
value (17 per eenl) is biglier than that of Plumier (10 per eeiit), but eompares 
favorably with that of Stewart (IT jier eent). Our results in animals eannot 
be assumed to apply to human beings, yet it is interesting to note that Blnmgarl 
and Weiss^ found that in man an average of 21 iier eent of the total blood volume 
was contained in both lungs. 


SU-M.MAUV 

Tlie cpiantity of blood contained in the left lung was trapped by the simul- 
taneous occlusion of the ve.ssels to that lung while both lungs were fully ex- 
panded. From determinations of the eireulating plasma volume, during tliis 
period and after the release of the occlusion, the (piantity of plasma trapped in 
the left lung was measured. 

In three experiments, 7.4, 5.4, and 7.5 per cent (average 6.S per eent) of 
the plasma volume was contained in the left lung. On the basis that, in the 
dog, the right lung contains one and one-half times as much blood as the left 
lung, the (piantity of plasma in both lungs averaged 17 per cent. For reasons 
explained, a .similar percentage of total blood volume may be a.s.sumed to be 
contained in the lungs. 
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IODINE ALLERGY 


Louls Pjsi-xer, 3LD., BKOOKLyx, N. Y. 


T he widespread use of iodine and its salts in inoderzi diagnostic and therapeu- 
tic techniques makes tlie finding of unusual reactions to these drugs ex- 
tremelj' likely. Although the use of tinetm'c of iodine as an antiseptic has fallen 
oft' in recent years, the use of tlie iodides, organic and inorganic, has increased 
because of their value in diagnosis. Prolonged intake of iodine or its salts gives 
rise to cutaneous eruptions more often than does the continued intake of any 
other single drug. However, these cases have to be distinguished from otheis 
that react in an unusual way to only a minute quantity of iodine. The latter 
patients are said to exhibit iodine hypersensitivity or allergy. 

A patch test made with a drop of tincture of iodine, and read twenty-four 
hours later revealed marked redness and swelling o\'er tlie site in all the liyper- 
sensitive patients. If this can l)c shown to be' a general finding in other cases, 
it can be used as a diagnostic test. Other nonsensitive persons tested in tliis way 
did not sliow this reaction. 

C.V.SR REPORTS 


Case 1. — Reaction following the drinking of a saline laxative containing 
a minute quantity of iodine. 

6. B., an IS-yoar-olcl girl, took a toaspoonful of an in)porteU Italian salt, which was 
found to contain a very Miiall quantity of iodine. Twelve hours later her eyes became red, 
her face started to swell, and she developed a pin-point, reddened eruption over her entire 
body, closely resembling that of scarlet fever. Her temperature was normal. An iodine 
patch test was markedly positive, and the qualitative e.xamination of the urine for iodine 
and iodides was negative. The white blood cell count and the ditferential were witiiin normal 
limits. The rash cleared rapidly after the administration of 10 grain eapsules of sodium 
chloride every two hours for six doses. This patient had no previous history of sensitivity to 
iodine in any of its forms. Slie had used the salt repeatedly for years, but only occasionally 
during the preceding year. 


Case 2. — Reaction following the taking of a commonly used throat lozenge 
containing anesthesin and calcium iodide. 


K. F. an 18-year-old girl, took a lozenge for relief of sore throat. Twelve hours later she 
developed a slight fever, swollen neck glands, alight edema of the face, and a generalized, 
reddened pin-point cutaneous eruption resembling that of scarlet fever. Her throat was 
sljn-htly red; dift'erentiation from scarlet fever in this ease was difficult. However, the 
Sehultz-Carlton test was negative, and an iodine patch test was markedly positive. The 
white blood cell count was 9,200, with 8-1 per cent polymorphonuclear cells. The qualitative 


Surger 
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cvaniiu'.Uum of tlie uriiio wu.-' 
twc’iity-four lioiir.- after llui 


iii'};ativo for untiuo ami ioiliilofi. Tlio Hyini»foiii.s rlrurcil up ill 
taUiut; of M«vvral fruit ilriiiUa foutuiaiuj; tarno niiantifiw of 


otilinary talilo .'-altj auii witluiut otUor iiuaVieatiou. 

After eareful <iiie.-lioninf; tliis )ihl ii history of liaviiio iia>i a similar eruiition 

many years iiefore, whieU was aiaK'aisea as searlet fewer. Him ha.I no .sore tliroat itt the 
lime. tSlio reeolleele.l liavin- lirni.-e.i her imee aw! am'lyi'ii; linetiire of imline. Tlie lirui.se 
lurne«i a Uvlil re.!, au.l a ^eaerali/.e.i rash ain..‘are.l ai>i.roximate!y twelve hoiir.s later. 


8._Cvi(:iiieoii.s roitelion following (Kc iuscftioii of ti .siiitiH piece of 
iodot'onii giitiy.ii ul'tcv rciiioviil of ;i liitoittit ol tlie ueelc. 


P. S., a •l.'j-year-ol.l male, had a lipoma reiiioveil nailer general aiie.slhesiu. A small 
amount of iodoform ;tauze was plaeed in the wound as a drain. .Several hoilr.s later hi.s 
temperature ro.'O to 10'2“ P. Ke showed la.'.-itude, refused to take food, ami had swelling 
of the fare, eye.-, and hand.s. Tlie white lito.id eell emiiil wns u'i/li Sl> per cent poly- 

morphonuelear eeli.s. An iodine paleh test wtis positive, d he iodoform pack was removed, file 
patient’s syniptoni.s elearod within twealy-four hours following adminisiralion of o er.iims 
of sodium eldoride every four liour.s. 


C.tSK 4. — Tliroiuboeytoiieiiic' inirpuvn following the iipivlieation of iotVme 
l)ercutaneou.sly. 


A. G., a ijo-year-oh! Italian m.ale. developed pain.s in hi.s ri"ht .slioulder and left ankle. 
He applied a tliiek layer of tineture of iodine to hoth areas. .Severtil hours later he developed 
purpuric spots all over his extremities, chest, awl alidomon. There wa-s marked .swellinj; of 
both hands, as well as of the face, and especially over those areas where iodine had heen 
painted. There was no ptilptible liver or spleen, and the tempertiture wa.s normtil. Tlic platelet 
count was .SO, 000. The bleediii;;' time was fifteen minutes, cuajiulation time vvus five minutes, 
and clot retraction was still ali.^ient the following day. The while blood celt count was 3,200, 
with 7S per cent prdyinorphomiclear cell.'. There was a po.sitive tourniiiuet test. An iodine 
patch test read the following day showed marked redness. On the a.ssuniption that this was 
a case of thrombocytoiicnic purpura, based on an aller'gic loaction to iodine, tills man was 
given 3 graims of sodium chloride every four liours. The purpuric .'pots .steadily cleared up, 
the redness in his face disappeared, and the swelling of both hand.s slowly receded. One 
week later the platelet count was 140,000, the bleeding and coagulation times were within 
normal limits, and there was good clot retraction in two and one-half hours. 

About ttt'O weeks after t/ie initial episode, he came to the office feeling very well and 
a.'ked to Jiave a Wassennann test done. An iodine .swab wa.s accidentally used to sterilize 
the patient’s antecubital fossa preparatory to venipuncture. Tliis was inunediately swabbed 
witli alcohol. Eight hours later the patient had a chill, swelling of the .skin of the ante- 
cubital fossa, and a reappearance of purpuric rush. The platelets were again depressed to 
™,000, the bleeding time was prolonged to ten minutes, the coagulation time to five min- 
utes, and there was ab.-ence of clot retraction. Tlie.se findings again cleared up after 5 
grain sodium chloride eap-sule-s every four liour.s for three days, tt’ithin ten days the plate- 
lets had returned to 200,000, and the bleeding and coagulation times became normal. The 
tVussermann reaction was negative. 


Case 5.— Cutaneous eruption following the application of tincture of iodine. 

A. B. a 15-jmar-oId girl, developed a fever of 102= E., redness and swelbng of the 
hands and face following the application of tincture of iodine to a bruise on the skin The 
brm.se tvas .surrounded by an erythematous, raised red area, resembling erysipeloid Diair 
nosis was made after the patient gave a history of a previous similar e.vperfence three yeafs 
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clilondo in o grain capsules. ^ promptly after several doses of sodium 




allergic reactions to these substances • 

considered, however is brought 1 i they must be 

ture. Hollander and Fettem-.n i""! m the litera- 

reaction in 1936. Since that time ^ f eleventh case of fatal allergic 

instances. In our series we 1 ' t f more recorded 
of the reactions were quite sevew liaving deatJis, although some 

of iodine. One develoimrrlfXT'^^- f cntaneously applied tincture 

sneh an eruption many years beforT’ The 

thrombocytopenic purnura t,- • i •’ ^ patient developed a ease of 

spleen. The literaZ mi’ wT ”■/" ^ the 

mdine is covered in Seymour ’s’-irticlZ^'^K cutaneous application of 

The patient was tuberculous and inrl’ ‘ instructive case, 

pneumothorax treatment. Aftm- • - applied prior to the institution of 

iodine was exhibited, a very severT!!^ nioccrately severe reactions every time 
Before death the patient develonorl vT occurred which resulted in death. 
The question i ir exfoliative dermatitis. 

one. Cushny^ stated tllZdofom"^^^™ following operation is a moot 
showed that microbes dZutZlrV T 

retarded or iveakened in their d^v,.! iodoform treatment were not 

that the emigration of leucocytes frZthe si'owing 

local action of iodoform. This would to i * °° vessels was hindered by the 
decomposes into iodine in the body bn/ H healing. Iodoform slowly 

cannot be sufficient to sterilize the wound P"'’ 

and when the question of sensitivity is taken inf^^ ^ security, 

Its use is justifiable. ^ ^ account, one wonders whether 

not been so adequately disZseffi'^^SZZserib 

twenty-four hours after the takin- of in n? ^ commenced 

iodine. Dennig" described three cases all of tincture of 

disease. One followed the taking of potassium fnV i Basedow’s 

three weeks. Purpura developed. The platelet<^ rf.^ 

Aveeks later the platelets increased and the patient fiimlfv ^ 

Ins cases is confused because of the coincident use of ^ of 

tablets of an iodide compound. A third patient devpi together with 

consumption of sodium iodide for a sL^f Z B r?r“" ^ 
quently recovered. ' these patients siibse- 

There are several other cases with hemorrhao-ic svmutn^, • , 

but unfortunately blood studies are lacking. LobseL« reported f 
poisoning following the use of iodoform gauze drains He attribut d th 



I'KUNKlt : lOlJlNK AM-KUOV 


1153 


homovrhuiik- s.vmploiiis lhaV ll\c palkul dcveloi)(:(l to vitamin O' (Itlivieiicy, but 
tliLs api)caix‘(I to be an imi)re.s.sion \iJisuin>orted by laboratory te.st.s. Howell' 
rei)orted a ease sho\vin |4 heiuorrUa^le blebs on tlw exlvetuiUes. The clottiii'' time 
was between six and seven aiul one-hull minutes. No tifinres were a%ail<ible on 
the platelet eounl. 

All our ea.se.s showed loeal evitaneous sensitivity to tineture of iodine on 
pateh lest. This eonsi.sted of marked reddening and itehinjr, peieeptible in five 
to six hours. When observed af Iwenly-fonv hours, the erythematous area usually 
had extended .sliiihtly and was edematou.s. Since this reaetiou was invariable, 
irrespective of the method of intake of iodine or its salts in the.sc patients, it was 
used as a method of deteetin;* sensitivity, and ealled the iodine pateh test, 
.laeobs* found essentially the same re.sult in ins ease, although he u.scd other 
iodine products and iodine ointment as well. However, in an unduly sensiti%'e 
per-son, even one drop of tineture of iodine might eoneeivably cause a marked 
reaction. lienee it might he better to wipe oft’ tlic iodine with .some alcoliol after 
a minute. Since our patients did not have marked reaction to one drop, we 
have not a.s yet u.sed this precaution. 

In our patients, the dose of iodine taken into the body was so small that 
qualitative tc.sts for iodine and iodides in the urine were negative. Sodium 
chloride in 5 or 10 grain doses appeared to ameliorate the symptoms. This 
appears to he the usual method of treatment. One author'* used sodium chloride 
intravenou.sly. There are several reports of the use of epinephrine."* If the 
mechauism is indeed one of allergy, this latter treatment seems more logical. 
The rationale of the sodium chloride treatment is that the chlorine ion displaces 
the weaker iodine from the iodide. In very severe cases the use of adrenal 
cortex hormone, because of its action on the sodium chloride in the blood, would 
seem to be indicated along with the other means at onr disposal. 

The mechanism of iodine allergy is unknown. The Wolf-Eisner theory of 
the combination of iodine rvith a protein in the bodj' to produce the antigen is 
not substantiated by Jacobs. This theory, although intriguing, still awaits 
proof. 

The patient who has iodine allergy must be told of his condition. Failure to 
do so may place his life in jeopardy at a later date. The physician who plans 
to use iodine or one of the iodides in diagnosis or treatment sliould ask the patient 
whether he has any iodine sensitivity. The ideal procedure would be to pateh 
test every prospective user of these compounds. However, this is not often pos- 
sible because of the time element involved. 


smoiARx 


1. Five cases of hypersensitivity to iodine and its salts are described. 

2. A patch test for the detection of this sensitivity is described and ivas 

present m all five patients. ’ 


3. Several types of cutaneous eruption followed the use of iodine or 
•salts in these patients, appearing in from eight to twelve hours. Searlatinifo 
eruptions developed in two, and a purpuric rash in another. 
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A BACTERIOLOGIC CHECK ON RESIDUAL DENTAL INFECTIONS® 


ilAYNARD JIURRAY, SI.D., AND EiLEE.V O’FeRRELL, R.N. 
Ci.NciNNATi, Ohio 


T hat the mere removal of infected teeth does not always suffice to eradicate 
dental infection has been taught by several authors. JIartin II. Fischer’s 
recent book, Death and Dentistry,' clearly re-emphasizes the problem. Removal 
of infected teeth alone “cures” the constitutionally afflicted in only some one- 
third of the eases, and “improves” the state of another third. There is 
abundant clinical and roentgenologic evidence that when teeth are extracted in 
the ordinary fashion, residual infection in the surrounding alveolar tissues may 
be left in place. Root fragments and bone rarefactions are conceded to be a 
source of systemic infection liy most oral pathologists, hut we would here 
emphasize the still larger importance of the infection remaining in the alveolar 
structures when such grosser evidences of pathology are nonexistent. 

We have added to clinical and x-ray examination a baeteriologie studj" of 
cultures made from the alveolar structures. X-ray photographs of the full 
mouth were taken of patients presenting constitutional signs of chronic infec- 
tion, after other possible sources for systemic invasion had been ruled out. These 
films showed an irregularity and furriness of the alveolar pi’ocesses assumed by 
us to be caused by residual infection. The matter is illustrated by Pigs. 1 and 2. 
In all the patients observed the teeth had been extracted at least five years 
previous to this study. 

In a first series of edentulous patients who showed signs of residual infec- 
tion by x-ray, as described above, a general anesthetic (pentothal sodium) 
was administered intravenously. When it had taken effect, the jaws were held 
open and the alveolar areas to be examined were scrubbed with soap and water. 


‘From the Laboratory ol Physiology. University of Cincinnati, and the Longi-iew 
Hospital, Cincinnati. 
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This was tolh.wea by a topii-al aiM>liwilioi» of tiiictui'e of ioiliiu-, llit-n alcohol, and 
finalh- tincture of nicrlhiolatc. Swab cultures made from tiu; surfaces thus 
prepared were nc-ative in 8 of 10 patients studied, the remainin- two patients 
showin;,' organisms in no way related to tlie or:^anisins euitivated irom tJie 


'-mm. 


I 




Fig. 1.— XotL- furrin.-.-.-s iin.l Irrigulririty of tho :av.«!:ir i.roco.-.^c.s of :i from whom all 

cuUurod by puncturo or ;;rin<llnjj yieblL-d ;i slrcptococcu. . 




1 ?', 


^ L J 

Fig. 2. — Xote smooth contour ot mandibular surfaces in comparison with Fig. 1. 

incision cultures from this patient proved negative. 


Stab and 


underlying structures. After tliis sterilization of the surface, 1 e.c. of sterile 
saline solution was in.iected into the alveolar proce.sses, allowed to remain there 
a few moments, and then withdrawal without removal of the needle in the 
interim. We could thus recover appro.xiniately 0.2:j c.e. This was scpiirted into 
sterile tryptose broth. Twenty-four hours later subcultures were made. In the 
10 patients showing no more than the alveolar fiirriness described above, organ- 
i.sms were recovered from all. In a control series of 6 patients presenting smooth 
alveolar ridges, cultures taken in a like manner always proved negative. 

In a second series of 16 patients incision was made, and the alveolar hone 
was exposed after proper precedent cleansing. This time cultures were made 
of the bone gi-indings. Growth of organi.sms was obtained in every instance. 
The gi-inding was done wdth a sterile burr. Cheek of the organisms recovered 
at times from the buccal surfaces against those recovered from the alveolar 
processes showed them to be w'holly nonrelated. 

The foregoing indicates that the removal of teeth is not synonj-mous \vith the 
eradication of a locus of infection, that mere irregularity and furriness in con- 
tours of after-remaining alveolar processes a.s revealed by the x-ray are eridence 
of the continued existence of such a loeus. 
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THE SIGNIFICANCE OP BLECTKOCARDIOOIiAPHIC CHANGES IN 
JL\LIGNANT HYPERTENSION* 


J. David MAKKiLvit, IM.D., axd Natkax Bloom, 3I.D. 
Richmoxd, Va. 


IXTRODLTCTIOX 


T he changes that oecnv in tiie cleetrocai’diograin of patients wlio have es- 
sential hyperteiision have been studied extensively. The exact nature of 
these changes is not fuUy understood, and there is much disagreement as to theh- 
significanee. 

In an attempt to clarify tlie eontroversj', a study of the fatal cases of malig- 
nant hypertension recognized at the Medical College of Virginia ov'er a seven- 
year period was undertaken. Care was exercised in the selection of cases in 
order to eliminate any extraneous faetoi’S, such as vahmlar defects or coronary 
thrombosis, which might be present. Thirty-seven cases were available for 
study, eompi'ising ol electrocardiograms and 16 autopsy examinations. 

The malignant phase of hypertension was chosen for several reasons. The 
course of the disease is very rapid, telescoping into a few months or years the 
changes tliat occur in essential hypertension over many years. The short time 
interval reduces the possibility of accidental occurrences which might alter the 
electrocardiogram. Tlie disease usually terminates before senile degenerative 
changes have begun to appear. In practically all of these cases the patient 
died of uremia. Heail failure was not clinically present to complicate the 
electrocardiographic picture. It may be stated categorically that the changes 
seen in these electrocardiograms and observed at the autopsy table arose because 
of the presence of malignant hypei-tension. 

THEOKETICAL COXSIDERATIOXS 

Many authors have noted changes in the eleetroeardiograni which occur 
wJien there is marked left ventricular preponderance. Master^ states that there 
is a definite i-elationship between the appearance of these changes and the size 
of the heart, and implies that the size of the heai-t is the sole factor involved. 
Barnes and Whitten* suggest that the size of the heai't may he responsible for 
some of the changes, but not all, and that certain changes in the T wave are 
indicative of “left ventricular strain’' or myocardial damage. In this study 
an attempt has been made to correlate post-mortem findings with the electro- 
cardiographic changes.. 

~ ^roni tUe Division of Internal Meaicine, Department of ileiJiclne, ATeciical College of Vir- 
ginia, Richtnond. o 

Received for publication, September 8. 1941. 

1156 



MARKUAM-UI.()OM : 


CHANCiF.S IS MAl.UiSANT II YI’KIITKN.SION 


.irr)7 


^YiUiu.s■' was aimmi' (lu; first to provide indication that in hy[)crtensivc 
heart disease tlierc is a change in the 1’ wave. lie lound that in eases exhiliitiii'' 
T-wave nesalivity in I.ead I, or in Leads I and 1 1, the predominant disease was 
hypertension. This was not true of otlier combinations of T-wave ehan-'cs. 
Barnes and \Vlutten= found tliat wliere le.sions increased Die work of the left 
ventriele, inversions of the T wave were often present in Lead I, or in Leads I 
and II; similarly, rieiht veiitrietilar prepondci’ance produced i-wavc iiuersion 
in Leads II and III, althou*„di the correlation was not as close as in left ventricu- 


lar propouderaucc. They found that in nearly two-tliird.s of the patients with 
simultaneous invei'sions of the T wave in all leads there was no evidence of 
ventricular preponderance. From this they concluded that the factors pro- 
ducing ventricular preponderance were not the same as those producing T-wave 


inversions. They hypothesized further that the changes were evidence of ven- 
tricular sti'ain, and were not dependent on the size of the heart. 

ilaster^ holds a different opinion ; he contends that the changes occurring 
in arterial hypertension arc due solely to the increase in the size of the heart 
over a leather long period of lime. His study consists largely of correlations be- 
tween the electrocardiograms of jiatienls with e.ssential hypertension and the size 
of the heart as determined by the cardio-thoraeic ratio in the teleroentgeno- 
gram. He states* that, as enlargement of the left ventricle begins, left a.xis 
deviation develops in the electrocardiogram. With further increase in the size 
of the left ventricle, T-wave inversion in the first lead occurs, followed by in- 
ver-sion of the T wave in the second lead. Roeslcr and co-workers’ noted a steady 
increase in the percentage of eases with electrocardiographic final deflection 
changes as the radiologic e.xamination .showed an inei'ease in the size of the heart, 
but they found that an absence of final deflection changes and of left a.xis devia- 
tion was compatible with a maiked degree of cardiac enlargement. They state 
that some factor other than cardiac enlargement is necessary to produce these 
changes. 

Odel® found structural changes in varjdng degrees of severity in the ar- 
tei-ioles of the myocardium in a series of 35 cases of malignant hypertension. 
The presence of diffuse fibrosis in the myocardium in these eases added further 
evidence to the supposition that the electrocardiographic changes Avere due to 
myocardial damage. The electrocardiograms of these patients revealed depres- 
sion of the S-T segment in Leads I or II in 59 per cent, and abnormal T waves in 
those leads in 47 per cent. Gouley" states that myocardiopathy is a common oc- 
currence in uremia with severe hypertension, rvhile Wood and White® attribute 
as.soeiated electrocardiographic changes to the toxic effect of uremia on the 
myocardium. 


PKE.SEXT STUDY 


The present study may be divided into several parts. They consist of a 
consideration of the predominant trends in the electrocardiograms of 37 patients 
who died of malignant hjT)erten.sion ; the correlation of T-ivave changes to myo 
cardial damage as proved at autopsj- the relationship of cardiac” Avei<^ht to 
ear^o-thoracic ratio; the relationship of myocardial damage to cardio-thoraeic 
ratio; and the prognostic significance of the changes observed. 
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THE JOURXAL OF I-ABOKATORY AND CI.IN'ICAE MEDICINE 


I. PREDOJIIXANT CHANGES IX THE ELECTROCARDIOGRAM 


A detailed analysis of all important featiu-es of the electrocardiograms in 
the cases studied is sliown in Table I. The total number of electrocardiograms 
showing the particular changes are noted under each lieading. From this basic 
chart Table II is derived. It M’as felt that all abnormalities of the T wave should 
be considered, and vcc believe that the results justify this procedure. A total of 
75.9 per cent of the electrocardiograms showed abnormalities of the T wave in 
Lead I and/or Lead II. Left axis deviation was present in 59.3 per cent, while 
depression of the S-T segment in Lead I and/or Lead II was found in 50 per 
cent. 

Table I 

FuxDAJtEXTAL Data ; A-VALysis of 54 ELEC'TnocAiiDiocnAJis i.v V,7 Patients 


CH AXGES 


I 

11 

Notched P 

0 

3 

Diphasic P 

0 

1 

Negative P 

•1 

0 

High voltage P 

0 

0 

High voltage R 

s 

3 

High voltage QRS 

1 

2 

Deep S 

n 

1 

Q wave 

s 

0 

Depressed S-T 

9 

7 

Slurred QRS 

2 

3 

Elevated S-T 

0 

0 

Prolonged S-T 

n 

0 

Convex S-T 

5 

1 

Concave S-T 

n 

0 

Depressed S-T, upriglit T 

-> 

.1 

4 

Depressed S-T, negative T 

7 

7 

Elevated S-T, upright T 

{> 

1 

Elevated S-T, negative T 

1 

0 

Low T 

7 

2 

Flat T 

2 

3 

Diphasic T 

8 

8 

Negative T 

5 

1 

Total T changes 

22 

14 


Left axis deviation was pre.»ent in S2, absent 


LEADS 


nr 




I, n, AND 
ill 

1 

1 

4 

0 

1 

0 

0 

0 

0 

0 

«! 

0 

0 

0 

0 


0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

25 

1 

11 

0 

0 

(1 

0 

0 

0 

0 

0 

0 

«i 

11 

0 

10 

5 

2 

0 

3 

£» 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

•> 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

4 

0 


0 

0 

0 

0 

•t 

0 

0 

0 

0 


3 

0 

1 

0 

0 

1 

1 

0 

0 

•* 

1 

0 

2 

4 

0 

1 

I 

2 

1 

8 

0 

7 

5 

5 


22 . 


Table II 

Relative Inctdence of Predominant Changes in the Er.ECTKorAKDioGRA.MS op 37 P.vtients 
With Malignant Hypertension (54 EKG) 


PER CE.NT 


Changes (iow, flat, dipliasic, or negative) in T„ T., or 75.9 

T, and T. 

Deep Sj, or S. and Sj 09.3 

Left axis deviation 59.3 

Depressed S-T„ S-T., or S-T, and S-T. 50.0 

Deep S, i6.3 

Depressed S-T„ S-T., or S-T, and S-T. and negative , 33.3 

T„ T., or T, and T- 

High voltage B„ R„ or R, and B, 24.1 

Elevated S-T, 16.7 

Depressed S-T„ S-T;, or S-T, and S-T, with upright T Id.S 

complexes in those leads 

Q wave. Lead I I4.S 
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Table IV 

COUUELATION OE CaRMAC AVEIOUT TO CvitDIO-THOR-VCIC RATIO 


CASE NO. 

CAIiUIAC WEIGHT 
(Git.) 

C-T KATIO 
(%) 

WEIGHT DEVIATION i 
KEOit ilEAN 

UATIO DEVIATION' 
KEOJt MEAN* 

SI234P 

400 

■■IlH ElMliBi 

-ISG 

- 3 

SISIGOP 

470 


-no 

-10 

S52132JiI 

500 


- so 

-10 

S.38192M 

500 

i 50 

- so 

1 

S42337F 

530 

i 

- 50 

— 

S40224M 

550 

GO 

- 30 

11 

S13584M 

oSO 

GO 

- 0 

5 

S32122F 

590 

58 

4 

3 

JI51122F 

GOO 

55 

14 

0 

M275e2JI 

GIO 


24 

— 

S4019M 

G50 

—— 

04 

— 

S3212SAr 

GGO 

54 

74 

- 1 

M4534S3,I 


— 

164 

— 

S451S9AI 

i 820 

59 

2;!4 ’ 

4 


The mean cardiac weight is 5SG Gni. The mean cardio-thoracic ratio, as determined b> 
teleroentgenogram is 55 per cent. Statistical analysis of this very small series shows that, al- 
though there Is a positive correlation, it is not greater than that tvhlch could occur by ^aa« 
(coefficient of correlation is 0.135, standard error of coefllcient of correlation is O-SSI)* Factore 
modifying tiie G-T ratio, sucli as degree of dilatation of tlio ventricles, the rotation of the heart 
in the body, and tlio .anteroposterior diameter of tile chest, render this an unreliable method ot 
determining the true size of the heart. 


Table V 


REL.tTiOKSHip Between T-AVAtT: Changes Indicative op JIyocabdlvl Damage and the 
C. tr.Dio-TuoRAcic Ratio in the Same Patients 


— — — — 

MYOCARDIAL DAMAGE ! 

CARDIO-THORACIC lUTIO 

1 

PEi: CENT 

No 

■15 

Y'es 

45 

Yes 

51 

Yes 

51 

No 

52 

Y’ea 

52 

Yes 

53 

Y'es 

54 

Yea 

55 

Yes 

55 

Yes 

55 

No 

50 

•No 

58 

Yes 

59 

Y'es 

1 00 

Y'es 

1 60 

Yes 

01 

Yes 

64 

Yes 

60 

No 

66 


As shown above, no correlation exists between the cardio-thoracic ratio and T-wave 
clianges indicative of myocardial damage. 


IV. THE PROGNOSTIC SIGNIFICANCE OP THE ELECTROCARDIOGR.UI 
OP MALIGNANT HYPERTENSION 

It is recognized that the prognosis of malignant hjrpertension is serious, 
death usually occurring a few months to a few years after the disease has been 
discovered. It is still impossible to predict for the 'individual patient whether 
or not he will have the greater life expectancy of one or two years. 

In an attempt to provide a more exact prognosis, we studied the electro- 
cardiograms of each patient Avho had more than one electrocardiogram taken 
before he died, ivith special regard for the changes in the S-T segment and 
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Taui.i: VI 


Changes in S-T Segments ani. T Waves in Kepeateh KEEcrTEocAEDiooiiAMS on 11 Patients 
Dying Feom Mai.ionant IIypeutension 


CASK NO. 

UATK 

TIM K 
INTKUVAr. 

S-T AND T EllANOES 

DATK DIKI» 

DAYS 

ArrKU 

LAST KKO 

M5n22F 

4/18/10 

4/2o/40 

7 liii.v.f I 

'Cone 

vlcvatcd S-T., S-T., S-T,,* Hat T„ 
low T, 

5/ 4/40 

10 

ST93StiM 

3/21/40 

1 

Jciircs.-ed S-T„ S-T,, dipliasic T„ 
T,, T, 

llcpres.'od S-T„ S-T., concave S-T„ 
low T„ T„ diphasic T, 

5/31/10 

43 


4/1S/40 : 

IS (lays 1 



SS29S4F 

S/27/40 

9/ 2/40 

5 ilnys 

Dci.res.-cd S-T,, S-T,, low T„ T, 
I.ow T„ ncg'.itivc T, 

0/14/40 

12 

S52i:i2M 

5/13/3S 
9/ 2/3S 
11/22/3S 

4 months 
2l months 

Diphasic T, 

Klcvatcd S-T, 

I.ow T„ diphasic T,, T, 

11/22/38 

0 

AI4534SM 

10/20/37 

10/22/37 

2 days 

Depressed S-T„ low T„ T, 

Diphasic T, 

11/ 4/37 

13 

S32122F 

1/ 2/30 

1/12/30 

10 days 

Depressed S-T„ negative T„ di- 
phasic T, 

Lotv T„ diphasic T, j 

l/lS/30 

0 

S2535oF 

2/13/35 

2/19/35 

7 days 

Depressed S-T„ diphasic T„ T„ T, 
Depressed S-T„ S-'l’,, low T, 

2/24/35 

5 

S26791M 

4/18/35 

4/20/35 

5/15/35 

11 days 

10 days 

Depressed S-T„ negative T„ T„ T, 
Depressed S-T^ S-T,, low T„ di- 
phasic T,, T, 

Depressed S-T„ S-T„ diphasic T„ 
T„ low T, 

5/21/35 

0 

S24735F 

12/20/34) 


Depressed S-T„ S-T,, concave S-T„ 
S-T., convex S-T,, low T„ flat T„ 

1/10/35 

2 


12/31/34 

1/ 3/35 
1/ 8/35 

5 days 

3 days 

5 days 

^ a 

Depressed S-T„ S-T,, elevated S-T„ 
flat T„ T,, diphasic T, 

Convex S-T„ flat T„ T„ negative T, 
Depressed S-T„ S-T,, elevated S-T„ 
negative T„ diphasic T, 



S19858il 

4/25/34 
5/ 3/34 

5/11/34 

8 days 

8 days 

Diphasic T„ flat T, 

Depressed S-T„ S-T„ convex S-T„ 
diphasje T„ T„ T, 

Depressed S-T„ diphasic T„ T„ flat 
T, 

5/15/34 

4 

S134C0P 

5/14/34 

9/24/35 

10 mouths 

Negative T, 
i None 

11/ 1/35 

38 


’Consistent with pericarditis, 

tDigitalis effect is present in this electrocardiogram. 


Bighty-one per cent of these patients showed changes in the S-T secmenf nr- rp n-o-m 
characteristic of malignant hypertension in at least one electrocardiogram ^^11 of °thM 

changes have cSnsidfraWe prog^Lto Tic^ifl 
^nce. llalignant hypertension is a diffuse arteriolar disease. When the coroM n r-^iSlin 
have become involved to a degree sufficient to produce myocardial damage, renal fa^Uure is near! 
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T wave. Eleven ea.ses were available, with 27 elect roeartliograms. It was found 
that 81 per cent of these patients showed characteristic S-T or T changes in at 
least one electrocardiogram. This may be explained, since the single electro- 
cardiogram in the other cases might not have been taken at the most opportune 
time to demonstrate the changes. As shown by Bcllet and lileJIillan,® terminal 
uremic pericarditis often elevates the S-T segment in all leads. It is likely that 
in some of our cases it raised the depressed S-T segment to the isoelectric line. 
The study indicates that in a very large majority of cases, characteristic electro- 
eai’diographic changes can be demonstrated at some time during the patient’s 
life. 

There was no uniformity in time from the appearance of the characteristic 
electrocardiogram to the death of the patient. However, as shown in Table VI, 
the appearance of the.se changes meant that death was near. When the wide- 
spread vascular procc.ss liad jiroceedcd long enough to produce clianges in the 
heart muscle sufficient to give the eharactcristie electrocardiographic picture, 
the kidneys were usually on tlie verge of complete failure. AVhile the electro- 
cardiogram cannot predict the exact life expectancy, its changes indicate a more 
serious prognosis for the immediate future than does the normal electrocardio- 
gram with the same degree of hypertension. 


T-VBLE VII 

Freqvexcv of Deaths Froje JIaugnant Hyi‘eiite.vsion' at Various Ages, Grouped at 

Five-Year Ixtervals 


AGE IN YEAUS 

.Vl'.MBEP. DVIXO 


15-19 

1 


20-2i 

o 


25-29 

3 


30'o4 

7 


35-39 

10 


10-14 

s 


15-19 

C 



Table VII shows that the greatest mortalitv is after tlio tliircl decade, witli no deaths 
after 50 years of age. Tliis indicates that the clianges found in tlie electrocardiograms of these 
patients are due almost entirely to tlie malignant hypertension. Tlie degenerative senile proc- 
e.sses. wliich may alter the electrocardiographic picture in essential liypertension, have not 
yet made their appearance. 

Finally, in evaluating the significance of the electrocardiographic changes 
in malignant hypertension, a tabulation was made of the age at which each pa- 
tient died (Table VII). The greatest mortality was in the group 35 to 39 years 
old. The majority of deaths oceurred after tlie third decade was reached, while 
none occurred over 50 years of age. This indicates that the eleetroeardiogram is 
a reliable guide in following the progress of malignant hypertension, and has 
some jirognostic value. Senile degenerative changes, which maj’^ modify its 
usefulness, have not appeared. It is evident that the characteristic changes 
observed in this series are due solely to the effect of tlie malignant hypertension 
on the heart. 

CONCLUSIONS 

1. Low, flat, diphasic, or negative T ivaves and depressed S-T segments 
are characteristically found in Lead I, Lead II, or Leads I and II of the electro- 
cardiogram in malignant hypertension. 
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2. These eiianges iiulieatc tile presence of myocardial damage, and are only 
coincidentally related to the cardiac size. 

3. The cardio-thoracie ratio is not u relialile guide in interpreting the 
electrocardiographic picture, nor has it any prognostic value. 

4. The presence of typical changes in tlie electrocardiogram indicates a 
serious prognosis for the immediate future. 
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TEMPERATURE STUDIES ON INTRAVENOUS FLUIDS* 


Nelsox a. JIltkkay, jM.D., Tajipa, Fla. 


T he purpose ol tiiis presentation is to show the temperature at which pre- 
heated or precooled fluid actually entei's the vein of the patient, and not to 
dictate at what temperature such fluid shall be given. 



For the experimental work a standard intravenous set was used, and the 
fluid (normal saline) was allowed to fall one meter through regular gum rubber 
tubing- (5 mm. diameter). A No. 20 needle was rrsed. The needle was attached 
to the lower end of a Taylor Centigrade thermometer (-10 to + 150 ° scale) by a 
rubber band, so that the fluid flowed directly out of the needle onto the thermom- 
eter bulb. The fluid was allowed to collect in a one liter flask, the thermometer 
bulb resting on the bottom of same. Tlie flow was adjusted so that one hour 
was consumed in allowing- one liter to run out. The temperature of the fluid 
was adjusted from -i-lO to + 00 ° C. in 10° intervals. Three different arrangements 
were used originally, similar to the ones actually used in this hospital by various 

~ ^rom the Tampa Municipal Hospital. 
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TKMl’KUATUItK STUDIl-S OX INTU.WKNOt'-S I'M’ID.S 


phvsiiMans. l-'irst, no extra external heal was applied after tlie solution was pre- 
hciUcl. Seeond, two re.milar liol water bottles, eontainin- l.oOO e.e eaeh «t 
water at 55° C. (usual temperature of hot water in the taps m tins hospita ), 
were tied around the tlask eontainin- the tluid. Third, the tubin- was “sand- 
wielKHr’ between two hot water bottles, 15 em. from the needle, ibis last ar- 
rangement corresponds to the hot water bottles lying on the bed beside the 

patient’s arm. 



An attempt was made to read the temperature at the end of the first minute, 
but due to cooling by evaporation, and also due to the fact that not enough fluid 
had collected in the fla.sk to cover the thermometer bulb, the readings were not 
considered accurate enough to include in the final report. 

A fourth method wms tried, in which the thermometer was inserted in a trap 
as shown in Fig. 1. The results are summarized in Fig. 2. 

COXCLUSIOXS 

1. Preheated or precooled intravenous fluids tend to adjust themselves 
rapidly to a figure near room temperature, no matter what may be the original 
temperature of the original solution. 

2. The cu-stomarj' methods of keeping intravenous fluids “warm” by the ap- 
plication of external heat in the form of hot water bottles are ineffectual. 



THE raEATMBNT OF POLIOJn'EUTIS OF MICE- 

Jom A. Koo,™. M.D., AX-D A^^ya M. Bole 
Philadelphia, Pa. 


A found inelfective compounds have been 

keys,’-= we have thou'»ht it advi«oJ>J i experimental poliomyelitis of mon- 

p«pe; “ Jir:::;:: 

intracerebrally vdth^ao^e f muscuhis) were inoculated 

hind brains of mice removed afte^l- 11 ^^! suspension in saline solution of the 
inoculation with the Lansiim strain P^^’^lysis following 

adapted -to these animals bv ArmeH-/^ c j! lemyelitis virus which has been 
Mspidiis hispidus). While the viv f (Sipmodon 

as marked differences from the sLnH to, as well 

Theiler,’ Lillie and Armstrongs havp fn inonse virus first described by 

by the virus in the central ne°rvous svstlm Pajkologic changes produced 

to the reactions of poliomi-elitis virn^ h ®^o®cJy similar 

paralysis and died within two to o.vff ^’nP’cated controls developed 

cent developed ParalysisTn^died in^^^ ^’--’^ation; 17, or 42.5 per 

tion, while only 3, or 7.5 per cent esenn days after inocula- 

developing infection died within ’one T ^7 of the 40 controls 

paralysis of one or more of the leo-s m- of onset of flaccid 

ease in mice is so rapidly fatal after onr center, so that the dis- 

adapted for treatment puZfes l^ZZ^T is not well 

intracerebral inoculation of virus is silffi Zi P®i’jod following the 

mice to permit the administration of veneato Z majority of 

termination of therapeutic effects. ^ ^ ^ compounds for the de- 

poundr““»f”f7s2^^^ 'vel. .s „„ c„.„- 

a„d„„py,.aEi„e (No. 30321 SXfjlTcf 

supplied by them, were administered orallv i^ . , and kindly 

twice daily (10:00 a,.., and 3:00 p.» 7L In f! ""® “ 

paralysis and death occurred (2 to 20 doses) Th or until 

twenty-four hours after inoculation. As th^miee^vr '™s given 

in weight, each dose was equivalent to about 0.2 Gm T'J 

0.4 Gm. per kilogram per day. "" ’ or about 

»From the Research Institute of Cutaneous Jledicine, Philadelnln-L 
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As previously stated, 3, or 7.5 per cent, of 40 untreated controls survived. 
Of 40 mice treated with sulfanilamide, 5, or 12.5 per cent, survived; of 40 treated 
with sulfapyridine, 3, or 7.5 per cent survived; of 40 treated with sulfa thiazole 
4, or 10 per cent, survived ; of 40 treated with sulfathiazoline, 2, or 5 per cent, 
survived, while of 30 treated with 2-sulfaniljd-aminopyrazine (No. 3032), 2, 
or 5 per cent, survived. 

The administration of the compounds was continued after the development 
of paralysis, but with completely negative results, since all treated and untreated 
paralyzed animals died within one to two days after the onset of paralysis, per- 
mitting the administration of only one to three additional doses. 

CONCI.USION 

While the percentage of suindvals among mice treated with sulfanilamide 
and sulfathiazole were slightly higher than that in the case of untreated con- 
trols, it is concluded that these compounds, as well as sulfapyridine, sulfa- 
thiazoline, and 2-sulfanilyl-amino-pyrazinc, have proved ineffective in the treat- 
ment of mice inoculated intracerebrally with the Lansing strain of poliomyelitis 
virus (Armstrong). These results are in confirmation of the ineffectiveness of 
the sulfonamide compounds in the treatment of monkeys inoculated intra- 
cerebrally with the M.V. and other strains of the virus. 
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CLINICAL CHEMISTRY 


TIIK CHAXCHS IN TUH lil.OOD VOlA’.MK PRODljCKD 

BV i)iabi-:ti(.’ ACinosiH® 


Samukl 1). .lAtoiisoN, .M.l)., AND KicuAUi) H. Fa-ons, 
Ann Aitiiou, Mica. 


ALTIIOUnil it has hcen rtaai-ni/.od that tliabelie aeiilosis is assoeialetl \sitli 
A lK..noeoiK.eulration,' ve.-y tew oF.ser vat ions have heeu made on the vohime 
of circulating blood under these circumstances.--- ^ Bunn- studie.s on the le 
tion of dehydration to the plasma volume, oiiservation.s v.-erc made on t 
patients who developed diabetic acidosis undei contiolle com itions. 


MirrUOD.S AND l*UOCKDUin-'S 


Blood volume determinations were made with the method of Gibson and 
Evans, ^ as modified by Gibson and Evelyn/' Venoves pressure measurements 
were made by the direct method," using 10 cm. above the level ot the back as the 
point of zero pressure. Serum protein mca.surements were made by the talhng- 
drop method described by Barbour and Hamilton.^ The carbon dioxide eoin- 
biniiig power of the plasma was determined by the method of Van Slyke and 


Cullen.® 

The patients observed were both males with diabetics who had previously 
heen treated with diet and insulin for many years. Both were controlled on 
a 4,000 calorie experimental diet, consisting of 100 Gm. of protein, 265 Gm. of 
fat, 300 Gm. of carbohydrate, and in.sulin. After control values of the blood 
volume, venous pre.ssure, serum protein concentration, plasma caibon dioxide 
combining power, and body Aveight Avere determined, insulin AA-as discontinued. 
Daily urinalyses Avere done for sugar and ketone bodies. 


results 

Patient 1 Avas observed Avitliout insulin for nine days. Although the entire 
4,000 calorie diet Avas regularly consumed, there Avas a 5 kg. Aveight loss during 
this period. There Avas a loss of 1.5 kg. during the first tAventy-four hours 
coinciding Avith the onset of .severe glycosuria. Ketonuria appeared on the 
fourth day and gradually increased in severity. During the night of the eighth 
day nausea and vomiting dcA-eloped, folloAved in the morning by droAvsiness, 
Kussmaul respirations, anuria, Ioav blood pressure, clammy extremities, and 
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Eloise. Mich., and the Department of Internal Medicine, University of Michigan Medical School, 
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...arkL'.l collapse of the veins. The plasma earhon dioxide eomhinin-' power at 
tin's time had fallen to 14.0 volumes l>er 100 <-.e. The ailerial blood pre.ssnre, 
ii.sually 130/SO, was now 'JO/GO. The veiius were collapsed. 

There was a .severe reduelion of SGO e.e. (’23 per cent) in the total blood 
volume due entirely to a 30 per cent deerea.se in plasma^ volume. In .spite of the 
loss of a kg. of weight, there was a marked decrease in the blood volume and 
pla.sma volume per kilogram of body weight from GO e.e. to :)2 e.e. (13.4 per cent) 
and from 3S e.e. to 2G e.e. (31.2 per cent), respectively. The hematocrit and 
.serum protein concentrations were increased 30. G per cent and 21.4 per cent, 
respectively. These changes are recorded in detail in Tables I and II. Theie 
was a prompt recovery within eight hours following the intravenous administia- 
tion of 4,000 e.e. of 5 per cent gluco.se in normal saline, insulin, sodium bicar- 


bonate, and forced lluids by mouth. 

Patient 2, who was not as severe a diabetic as Patient 1, was observed with- 
out insulin for fifteen days. Although the high calorie intake was maintained, 
there was a 5.1 kg. loss in weight, most of which occurred after the plasma 
carbon dioxide combining power had decreased. 


Table II 

PEECENTILE CllA.VGES 


pa- 

tient 

CHANCE 
j BODY 
WEIGHT 

% CltANGE 
IX TOTAL 
BLOOD 

VOLCME 

% CILYNGE 
IN PL.\SitA 
VOLUIIE j 

% CHANCE 
i IN TOTAL 
BLOOD 

volcme/kg. 

BODY \VT. 

CHANCE 
IN PLASilA 
VOLl*ME/KG. 
or BODY IVT. 

% CHANGE 
! IN 

HF.MATO- 

ClilT 

% CHANCE 

1 IN CON- 
CENTRATION 
OF SERL'il 
PROTEINS 

1 

2 

-8.0 

-5,7 

-23.0 

-14.7 

-3G.2 

-21.8 

-13.4 
- 7.1 

-31.2 

-15.9 




By the fifteenth day there was an 800 c.c. (21 per cent) decrease in plasma 
volume and a marked reduction in total blood volume and plasma volume per 
kilogram body weight from 84 c.c. to 78 c.c. (7.1 per cent) and from 51 c.c. to 
43 c.c. (15.9 per cent), respectively. The loss of blood volume was largely at 
the expense of the plasma volume ; the hematocrit and serum protein concentra- 
tions were increased 12.5 per cent and 20 per cent, respectively. The venous 
pre.ssure was reduced from 130 mm. to 100 mm. of water (23 per cent). These 
changes are recorded in detail in Tables I and II. The patient promptly re- 
covered wdth the administration of insulin, fluids, and glucose by mouth. 

DISCUSSION 

The data presented here indicate that the blood voliune is significantly de- 
creased in diabetic acidasis, the reduction being entirely at the expense of the 
pla.sma volume. Both the total blood volume and the plasma volume per kilogram 
body weight Avere also reduced. There was an increase in the hematocrit and 
plasma protein concentration that closely paralleled the decrease in pla.sma 
volume. These results are in agreement with those of Chang, Harrop, and 
SehauV who used the carbon monoxide method to determine’ blood volume 
and who found a reduction in the blood volume per kUogram body weight and 
an average decrease in plasma volume of 19 per cent. Peters^ reported^ details 
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on 13 patients who had an averai'e decrease of 16 per cent in the concentrations 
of serum proteins with recovery from diabetic acidosis. The large decreases in 
plasma volume in man, as determined by the dye method and the carbon 
monoxide method, as well as the changes in hematocrit and serum protein, in- 
dicate that the plasma volume shares an important part in tlie dehydration asso- 
ciated with diabetic acidosis. 

Snndermann and Dohan,® using vital red dye for the measurement of blood 
volume, in a study of ketosis in 6 pancreatectomized dogs, found an average de- 
crease of 10 per cent in total serum volume and an actual increase of 29 per 
cent in the serum volume per kilogram body weight. None of these dogs, how- 
ever, developed a marked acidosis, as measured by the carbon dioxide content 
of plasma. It is possilile that under these circumstances the acido.sis was not 
sufficiently severe or prolonged to cause a greater depletion of the extracellular 
fluid. Atchley, Loeb, and others,'-* in a study of the electrolyte changes in two 
patients with diabetes, found that with the withdrawal of insulin there was an 
increase in the excretion of both potassium and sodium which -would indicate a 
loss of both intracellular and extracellular fluid. Tliey have pointed out that 
the initial eleetrol.vte and water loss was dependent upon the sudden appearance 
of marked glycosuria. 

The demonstration of the marked fall in blood volume in man associated 
w'ith the decrease in venous pressure may well explain the cause for the peripheral 
circulatory collapse often seen in severe diabetic acidosis. It has been observed'® 
that the diminution in plasma volume produced by mercurial diuretics or am- 
monium chloride acidosis is as.sociated with a nearly proportionate decrease in 
venous pressure in normal persons. It has been established that changes in 
venous pressure iu dogs and man will produce significant alterations in the 
cardiac output,”'*® Thus in diabetic acidosis the low' blood volume and its ac- 
companying fall in venous pressure ma 3 ' produce a decrease in the cardiac out- 
put. The low' arterial pres-siire, anuria, clammy extremities, and the clinical 
picture of peripheral circulatory collapse seen in diabetic acidosis mav’, there- 
fore, be the result of the decrease in the volume of eirculating blood. 

The marked reduction in blood volume in diabetic acidosis, pailicularl.v 
when associated with peripheral eirculatorv collapse, should indicate immediate 
replacement of the blood volume as an important step in the management of this 
tj'pe of patient. Although there ma.v be an increase in the concentration of serum 
proteins at the time of the acidosis, the parenteral administration of normal 
saline or glucose may not necessarilj' be expected to increase the plasma volume 
immediatel}',* since the fluid ma,r be lost to dehj'drated tissues. Blood trans- 
fusion, or better still serum transfusion, should be espeeiall.v helpful in the re- 
placement of plasma volume and tlie relief of the civeulatoiy collapse. 

CONCLUSIONS 

1. Diabetic acidosis observed in two patients w'as associated w'ith a marked 
reduction of blood volume due to the loss of plasma volume and a fall in blood 
volume per kilogram body w'eight. 
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2. AssoeiiiU'd witli Iho tall in lilood vohinte tlierii was also a si<;iiificaiit fall 
in venous in-cssiu'e. 

3. It is c‘ini)!iasize<l tiial the* ciivulnlory e*oliaj)so soiiioliines found in diahetie 
aeiiiosis is in part at least the result of the aeeotnpaiiyin;' decrease in blood 
vohnne and venous i)ressiire. 
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THE VALUE OF BLOOD CHLORIDE AND SODIUM 
DETERMINATIONS IN THE DIAGNOSIS OP DEHYDRATION^ 


WiLLiAJi S. Hoffiiak, Ph.D., M.D., axd Bess Osgood, M.S. 
Chicago, III. 


TN A typical ease tlie syiidronie of dehydration i.s not difficult to recognize. 
* The patient shows dryness of the mouth and tongue; .sliocklike weakness 
and apathy ; diminished s!dn turgor; sunken, softened eyeballs ; lowered blood 
pressure, associated frequently with a rapid pulse rate and other signs of 
circulatory distress, and marked diminution in urinary output, which occa- 
sionally approaches anuria. Frequently, however, the clinical picture is not 
so straightforward as thus presented. It may be obscured by other symptonrs 
associated with the disease producing the dehydration, or it may even be 
produced by the therapeutic measures undertaken to control the disease. Not 
infrequently, because the scanty urine may contain some albumin and a num- 
ber of casts and even red blood cells, and may be associated with nitrogenous 
retention, the condition is diagnosed as acute nephritis. This diagnosis usu- 
ally causes a paralysis of all elforts at controlling the dehydration. 

Since severe clinical dehydration is always associated with a loss of salt, 
and since this loss is reflected in the coneenti'ation of chloifide and sodium in 
the blood,^ it should be possible to recognize the condition by the appropriate 
blood chemical determinations. It is the purpose of this paper to present evi- 
dence that determinations of whole blood chloride are usually misleading in 
the information they impart concerning the state of hydration, because the 
whole blood chloride concentration varies with the degree of the anemia. It 
will be shown also that, though serum chloride values ai’e not affected by the 
red blood cell concentration and though they are a moi’e satisfactory gauge 
of dehydration than whole blood chloride values, they are also at times un- 
reliable; for the serum chloride may be normal or even higher than normal 
in many cases of excessive water loss. On the other hand, evidence \viil be 
offered to show that a lowering of serum sodium eoncenti-ation always accom- 
panies severe dehydration and that its determination, now feasible in all clini- 
cal laboratories, should be used in conjunction with serum chloride analysis 
in the diagnosis of dehydration. 

MErHOD.S 

To determine the influence of red blood cell concentration upon the whole 
blood and sei'um ehloi’ide levels, a study of the distribution of chloride between 
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cells and sei’iiiii (or plasma) was made iiv SO i)ersons. 'lliese persons weie 
either healthy luoilieal students or teelinieiaiis or were aiubulutoiy dispensaij 
patients with varying degrees ot’ anemia. Xo eases of pernieioiis anemia oi’ 
other types of liyperehromatie, anemia were ehosen. Xo patient had any elini- 
eal or laboratory evidenee of disturbanee of water or electrolyte balance. 

For the analysis, blood was drawn from an arm vein with a niinimnm ot 
stasis into dry syringes. The portion for whole blood was immediate]}' trans- 
ferred to a lube containing potassium oxalate. For the determination of red 
blood cell volume percentage, Van Alleir hematocrit tubes were tilled to the 
mark and diluted with 1.3 i)er cent sodium o.xalate. The tube.s were scaled 
with wide rubber bands and then centrifuged at "2,500 r.p.m. for at least twenty 


minutes, until the column of red blood cells no longer diminished in height. 
Blood for serum analysis was transferred under oil to centrifuge tubes’, stopi)ered 
and allowed to clot, and then centrifuged for ten minutes. The serum was 
separated and rceentrifuged to remove the last trace of red blood cells. Both 
whole blood and serum ebloride determinations wore made by the microijhoto- 
electrie iodate method of .Sondroy,^ as modiiicd by one of us (W. S. H.).^ All 
analyses were made in duplicate and averaged. Hematocrit estimations were 
made in triplicate. The red blood cell concentration was estimated from the 


equation 


100 ^Y - (100 - H) S 
H 


( 1 ) 


where R and S are the red blood cell and scrum chloride concentrations, re- 
spectively; the whole blood concentration; and H, the volume percentage 
of red blood cells or the hematocrit reading. 

For the determinations in the later clinical studies in this paper mentioned 
in Table II, the following methods were employed: sodium, Hoffman and 
Osgood;' carbon dioxide-combining power. Van Slyke;' protein and nonprotein 
nitrogen, Hoffman and Osgood ■/ hemoglobin, Sheard and Sanford.® In all the 
photoelectric methods the Ceneo-Sheard-Sanford Photelometer Avas used. The 
average normal concentration of serum sodium was found to be 143 meq. per 
liter, the range being 138 to 148 meq. per liter. 


WHOLE BLOOD CHLORIDE 

For the sake of brevity, the results of the analyses are expressed in fre- 
quency charts in Fig. 1 and as scatter curves in Fig. 2. Serum chloride con- 
centration (Fig. la) varied from 100 to 110 meq. per liter, the great majority 
of values falling between 102 and 107 meq. per liter. The average serum chlo- 
ride concentration was 104.4 meq. per liter, Avith a standard deviation of ±2 0 
meq. per liter (610 ± 12 mg. NaCl per 100 c.c.). The solid circles in Fig. 1 
represent cases of anemia, that is, patients Avith hematocrit readings less than 
40 per cent. It can he seen that there is no difference hetAveen the distribution 
of the serum chloride values of anemic persons and those Avith normal red 
blood cell volume. All the values fit into a compact probability curve. Simi- 
larly, the red blood cell chloride values are independent of the hematocrit 
lea mg (Fig. ib). Their range is relatively Avider than that of the serum 
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chloride values, and the probability curve arrangement is net so definite. 
However, this fault can be e-vplained by the greater error of the calculation 
of the red blood cell chloride. An error of 1 meq. in either whole blood or 
serum chloride produces an error of 2 to 5 meq. in the red blood cell chloride 
concentration, depending upon whether the hematocrit reading is high or low. 
Nevertheless, the distribution of the values for anemia cases is the same as 
that for normal cases. The range is from 47 to 57 meq. per liter, with a mean 
value of 52.3, and a standard deviation of ±2.5. 



Fig. 1. — Fre<itienc.j- distribution of chloride concentrations in a, scrum 6, red blaod cells 
and c, whole blood in 80 cases. Solid circles represent cases of anemia, that is. hematocrit read- 
ings of less than 40 per cent. 


On the other hand, the values for whole blood chloride (Fig. Ic) are much 
more widely distributed than those for serum or red blood cells. The range 
is from 77 to 100 meq. per liter-. The average value is 84.6 meq. per liter, and 
the standard deviation is ±4.6 meq. per liter. How-ever, the values fit so poorly 
into any probability curve that the mean value and the standard deviation 
have very little significance. The anemia cases are distributed all to the right 
side of the chart, indicating that the w-hole blood chloride is dependent upon 
the degree of anemia. If there had been more severe anemia cases, there rvonld 
undoubtedly have been more rveighting to the right, and an increase in the 
standard deviation. 


If the red blood cell and scrum chloride concentrations are independent 
of the hematocrit reading, then the w hole blood chloride 7)iitst vary with the 
hematocrit reading. This can be seen from equation (1), which may be re- 
written as 


W == S - 


S - R 
100 


H 


( 2 ) 


where S and R (the serum and red blood cell chloride concentrations, respec- 
tively) are regarded as constants, and W and H (the w-hole blood chloride 
and the hematocrit) are variables. The low'er the value of H, the higher the 
value of W. When the hematocrit becomes zero, the w-hole blood chloride 
equals the serum chloride, a conclusion w'^hieh is obvious without reference to 
the equation. Choosing S as 104.4 meq, per liter, and R as 52.3 meq. per liter, 
equation. (2) becomes the line AB in Fig. 2a, w-here W is the ordinate and H 
is the abscissa. This is the curve of expected values for w^hole blood chloride. 
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baseil oil tho iissiiiuption oi' ilio ooustiinfy of llio soriini ami roil blood oell 
i-hloritlo eoiUH'iitratioiis. 'I'lu' curve is an obruiue line |mssin<' (liroufili the base 
(U 0) at W =■ 104.4. 'I’lie observed values for whole iilood chloride, jilotted 
aiiainst the hematocrit with the same coordinates as the curve AI», torm the 
.scatter curve which follows idoscly the theoretical curve. 'I'he deviations from 
the points on the theoretical curve are no wider than those in the scatter for 
scrum chloride plotted alou'j; with the tlieorelical ciiuation, S ^ 104.4 (line 
AC, Fi- 2h). 



, . 2. — a, Scatter curve showing the relationship between whole blood chloride c nccn- 

irations and the hematocrit readings in 80 cases. The line AB represents the theoretically ex- 
ans tu Scatter curve showing the relationship between serum chloride concentrations 

pect d* readings In the same 80 casc.s. The line AC represents the theoretically e.x- 


Thu.s these data offer statistical confirmation of the proposition first stated 
by Xorgaard and Gram'' that the serum and cell chloride concentrations are 
independent of the degree of anemia, but that the whole blood chloride con- 


centrations must necessarily vary with the red blood cell volume percentage. 

Failure to recognize this fact has made whole blood chloride determinatio'ns 

worthless in most clinical laboratories. It would probably be better that the. 

determination be abandoned altogether for clinical purposes. But ivhere it is 

carried out, the expected normal range must be determined from a chart such 

^ Pig. 2a. For this purpose, Table I has been constructed from the data in 

Fig. 2a and from the hemoglobin concentrations determined in the 80 cases 

The range of probable values for any given hematocrit was determined bv 

drawing two lines parallel to the theoretical curve AB, so as to include all thi 

b.serA.d values. Table I should be of aid in recognizing low blood chlorit 

n those cases where such a finding confirms the diagnosis of dehydration The 

following two cases illustrate the failure to interpret nronerb v f i m ^ 
chloride determinations n^eipret pioperly whole blood 
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Table I 

Variations op Whole Blood Chloride AVitii the He.moolohin Concentration and Red 
Blood Cell Voll'He in Blood op Patients With No Electrolyte Disturbance 


HEMOGLOBIN 
GM./lOO C.C. 

hematocrit 

% R.B.C. 

WHOLE BLOOD CHLOIUDE 

e.vnce op normal i 

1 EXPECTED JIEAN 

MO. 

nacl/100 c.c. 

MEQ ./liter 

MG. 

NACL/100 C.C. 

meq./htek 

13-16 

40-47 

456-509 

78-87 1 

479 

82 

11-13 

35-40 

474-526 

81-90 

497 

So 

9-11 

30-35 

491-544 

84-93 

514 

ss 

8-9 

25-30 

503-555 

SO-95 

532 

91 

7-8 

20-25 

520-573 

89-98 

544 

93 

3-7 

10-20 

532-602 j 

91-103 

567 

97 

0 (Serum) 

0 

585-643 1 

100-110 

GOS 

104 


Case 1. — A girl of 21 was brought to the hospital suffering from fever, jaundice, re- 
peated vomiting, and oliguria, following an attempted abortion. The patient did abort, 
but her condition grew worse. The urine was scanty and sliowed some albumin, red blood 
cells, and several casts, and there was some nitrogenous retention. A diagnosis of acute 
nephritis was considered. The hemoglobin was 10 Gm. per 100 c.c., and the whole blood 
chloride was 450 mg. of NaCl per 100 e.c. This value was regarded as within normal limits, 
since the range of whole blood chloride is usually given as 450 to 500 mg. of NaCl per 100 
c.c. When, it was pointed out that the expected whole blood chloride for such a degree of 
anemia was 514 mg. of NaCl per 100 c.c. and that the probable lower limit for normal was 
491 mg. of NaCl per 100 c.c. a serum chloride analysis was made. The serum chloride con- 
centration was 538 mg. of NaCl per 100 c.c. or 92 meq. per liter, a value 11 per cent below 
the average normal. The patient was given 4 liters of physiologic saline intr.avenously 
within twenty-four hours. She began to urinate and made a complete recovery. 

Case 2. — A man aged 65 years, five days after a prostatectomy, developed secondary 
'hemorrhage. Following this accident, the quantity of urine diminished rapidly, and the 
blood chemical analysis showed increasing nitrogenous retention. The patient had been on 
a low salt diet previous to the operation and had little salt following the operation. The 
condition was diagnosed as uremia following renal failure. The hemoglobin concentration 
was 8.9 Gm. per 100 c.c., and the whole blood chloride concentration was 465 rag. of NaCl 
per 100 e.c., which was thought to be well within normal limits. But with this degree of 
anemia, the whole blood chloride should have been within the limits of 503 to 555 mg. of 
NaCl per 100 c.c. When this fact was made clear, intravenous saline therapy was insti- 
tuted, and improvement soon followed. With adequate urinary output the blood nonprotein 
nitrogen concentration soon decreased to normal, and the patient eventually recovered. 

SERUAI CHLORIDE VEK.SUS SERUAI SODIUAI 

The foregoing data iinequivoeallj' indicate the diagnostic advantages of 
serum chloride determinations over those of whole blood eliloride. In many 
uncomplicated cases of dehydration, the serum chloride is sufficiently lower 
than normal to confirm the clinical diagnosis. However, this is not always 
true. The data assembled in Table II from our own cases indicate that serum 
chloride may be low, normal, or even high in proved cases of dehydration. The 
15 cases in Table II were chosen to illustrate the findings in dehydration asso- 
ciated with a vmriety of disease processes. In all these cases the clinical symp- 
toms of dehydration were pronounced, and clinical improvement followed im- 
mediately upon the intravenous injection of sufficient physiologic saline solu- 
tion (usually along with Hartmann’s solution) to restore the electrolyte balance 
to normal. The quantity of fluid required for an adult usually was about 4,000 
c.c. in the first twenty-four hours. 
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In 8 of the 15 cases the serum chloride values, as well as the serum sodium 
values, were lower than noisiial, but in the remaining cases the chloride values 
were normal, at the upper limit of normal, or even higher than normal. When 
vomiting is a prominent s.vmptom in the di.sea.se producing dehydration, chlo- 
ride is usually depleted at the .same rate as sodium. In tho.se eases where 
partial restitution of electrolyte balance is attempted either unwittingly or 
therapeutically by ingestion of sodium chloride, chloride may rise to normal 
or above normal while the sodium concentration still remains low. This is 
particularly likely to occur in Bright’s disea.se and in Addison’s disease, when 
the kidneys, because of either organic or functional derangement, cannot 
readily excrete the exee.ss ehlor*ide. Case 5 illustrates the development of 
dehydration and acidosis during an uncontrolled intake of ammonium chloride. 
Here, dehydration was present in .spite of extremely high serum chloride con- 
centration, the serum sodium value properly reflected the clinical state. 

In all 15 cases the serum sodium concentration was lower than the minimal 
normal value of 138 meq. per liter. The deviation from normal was not very 
great, if one uses as a criterion the changes that can occur in urea or glucose 
concentrations. But even a 5 per cent drop below the average normal value 
indicates marked deluxlration, for in the early .stages of dehj'dration the so- 
dium concentration still remains u-ithin normal limits. Even in the alkalo.sis 
of pyloric obstruction and gastrocolic fistula (Cases 12 and 13) there was a 
sodium deficit. It was not as great as the chloride deficit, but it determined 
the degree of dehydration in these case.s. In the first hours of pyloric vomiting 
the chloride may drop rapidly below normal, but not until the sodiimi loss, 
in the vomitus and in the urine, produces a serum sodium concentration lower 
than normal, is severe dehjulration pre.sent. 

When, as in Case 6, the serum sodium is as low as 116 meq. per litei', it is 
scarcely compatible with life. Along with the usual symptoms of deh.vdration, 
there is marked oliguria and azotemia. The sjnuptoms and signs may be diffi- 
cult to distinguish from true uremia. The patient, in this ca.se, had had labor 
induced because of eclampsia. At the time of the blood chemical analysis she 
had scarcely urinated at all for several days. She wa.s bloated, had pallid 
facies, was weak and apathetic, and was obviously^ in serious condition. The 
blood nonprotein nitrogen concentration Avas 108 mg. per 100 e.c., and the blood 
IDressure Avas 170 mm. systolic and 100 mm. diastolic. In spite of the risk of 
recurrence of conA'ulsions saline injections Avere recommended. The patient 
Avas giAmn 3,000 e.e. of physiologic saline solution intravenously during the first 
tAveiity-four hours, and 2,000 e.e. the folloAAung day. The blood pres.sure rose 
slightly, but no conAuilsions occurred. The urinaiy output Avas 1,200 e.c. on 
the day foIloAAung on.set of treatment and rose to 3,000 e.e. daily. The non- 
protein nitrogen dropped to normal, and the patient recovered completely in 
several Aveeks. 

The data in Case 3 illustrate the changes in the blood chemistry after 
adequate Avater and salt thei’apy. The serum sodium, chloride, and carbon 
dioxide-combining poAver rose to normal Amine. At the same time the inci'ease 
in plasma Amlume produced a dilution of hemoglobin, red blood cells, serum 
protein, and nonprotein nitrogen. Thus, though it Avas true that the period 
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SUAIAIARY 

1 + 1 rvf flip distribution of chloride between red blood cells and serum 

A study of the d varvin" red blood cell volume percentages 

was made in 80 persons a u , j or electrolyte imbalance. The serum 

but who had no per liter, with a mean value of 104.4 

chloride ranged be " ^en chloride concentration 

7rie7dh-ectty Avith the red blood cell volume in a predictable nianimr. From 
the sitter cu7e of variations of the whole blood chloride Avith the hematocrit 
lading, a table was prepared Avhich indicated the expected Avhole blood chlo- 
ride value for any particular hemoglobin concentration or hematocrit reading. 
It Avas shoAvn that failure to inteiT?ret Avhole blood chloride concentrations 
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according to such a table lias prevented clinicians from recognizing dehydra- 
tion, partieulai'ly' Avhen such dehydration was the cause of oliguria and nitrog- 
enous retention. 

In a study of 15 cases of severe dehydration in a variety' of disease proc- 
esses, serum sodium ivas found always loiver than the minimal normal of 138 
meq. per liter. In these eases, serum chloride, though at times correspondingly 
low, was occasionally within normal limits or even higher than normal. 

The conclusion was reached that a proiier evaluation of the water and 
mineral content of the body in dehydration, both from the point of liew of 
diagnosis and therapy, can be achieved by analy.sis of the serum for sodium, 
chloride, and carbon dioxide-combining power. 
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the findings in gencivnl not very conulmive. Ifowever, Torbert noted 

that the initial drop was in the aJhinnin IVaetion ; he found, furthermore, that 
the blood volume deereased din-ing the experiment so that the total circulating 
protein diminished, even thongh the concentration remained relatively un- 
changed. The same finding was reported in a eiu-efiilly controlled e-xperimeut 
by Holman, l\Iahoney, and Whipple® in a dog that was fasted for twenty-four 
days. These workers concluded that 'Hasting usually does not modify the 
total protein concentration in the plasma, and the alhnnun-globuUn ratio may 
not be changed, bnt fasting dons cause conspicuous shrinkage of the blood 
plasma volume and, tberefore, the total amount of circulating protein may 
decrease to 70, 60, or even 50 percent of normal.” 

During' a eomxfiete fast tliere i.s, of eoiirsc, an increased breakdown of 
protein in order to supply calories, thus leading to a release of large amounts 
of nitrogen, much of Avhicb may remain as aiiiino acids. The idea has been 
expressed that this extra nitrogen might spare serum protein depletion or even 
lead to its regeneration. Indeed Weech and his collaborators,'® and Melnick 
and Ms collaborators," eac'h found that din-ing a period of starvation, there 
was an increase in the eojieentration of serum protein in a dog with chronic 
hypoproteinemia. 

E-XFERIJIENTAL PROCEDURES 

Two series of e.xperiments were carried out in 15 dogs. In Experiment I 
5 dogs were given by gavage for three weeks a solution containing Karo syrup, 
Ringer's solution, and vitamin B complex,’* and were allowed water ad libitum; 
the energy value was 500 calories per day, due entirely to carbohydrate, and 
nitrogen was 0.07 Gm. per day. In Experiment II 10 dogs were fasted com- 
pletely; water was allowed ad libitum, hut 8 did receive in addition Ringer’s 
solution by gavage. Samples of hepai-inized blood were removed at the be- 
ginning of the experiment and each Aveek thereafter by puncturing the jugular 
vein and removing a sample with as little stasis as possible. The red cell 
volume Avas determined after centrifugaiization, and the supernatant plasma 
used for the determination of albumin and globulin, separation being carried 
out by the method of Camphell and Hanna.’- Determinations of the nitrogen 
Avere ean'ied out by a miero-Kjeldahl, as described by Sobcl, Ynska, and 
Cohen.’” 

EXPERIMENT.VL PINDINC.S AND CO.AniENT 

The present findings shoAV that hj'poalbuminemia oceni’s on a protein- and 
fat-deficient diet regardless of AA’hptJiw' or nat there is any caloric intake. Tlnrs 
the sernm albumin concentration declined both in the 5 dogs given a solution 
containing carbohydrate, Ringer’s solution, and Autamin B (Table I), as avcU 
as in the 10 animals fasted completely (Table II). Moreover the changes Avere 
progressive and started from the very^beginning of the experiment. 

The aA'erage fall in the albumin Avas tAviee as great in the dogs receiving 
calories as in those completelj^ fasted (29 per cent as compared Avith 14 per 
cent). Inferences cannot be draAvn from this striking difference, Avhich Avas 
due in part at least to hemoeoncentration occurring in the fasted dogs, as 

»Labco Avas obtainefl from T)ie Borden Coinpanj', Bainbridge, N. Y. 
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indicated by comparing the behavior of the hematocrit A'alues in the ttvo 
groups. Thus, tvhile the average red blood cell volume fell in Experiment I, 
there tvas a slight increase in Experiment II. Though there tvas considerable 
individual variations in the group of fasted animals, as can be seen by studying 
each of the experiments in Table II, the increase in the red blood cell volume 
was so pronounced in several instances that the fall in serum albumin not only 
was masked but even gave way to a rise. (See the italicized values in Table 
II.) This effect of dehydration on the concentration of serum albumin was 
first observed in human beings by Peters and co-Avorkers,‘ as already mentioned. 

One can only speculate on the influence exei'ted by caloric intake on the 
magnitude of the albumin loss in vicAV of the striking influence of a complete 
fast on the red blood cell volume as just pointed out. 'Whether the protein- 
sparing action of glucose would affect the plasma as Yvell as tissue protein 
cannot be answered from the present data ; it Avould recpiire experiments in 
which both the plasma volume and the nitrogen excretion Avere measured. 
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The inclependenee of the globulin fraction of the plasma during the intake 
of the protein-deficient diet in these experiments confirms previous clinical 
observations of Peters/ experimental findings bj^ Weecli and his co-workers/ 
as well as other experiments from this laboratory.”' In other words, re- 
moval of protein and fat intake aifeefs only the albumin fraction of the plasma, 
and not the globulin. 

Worthy of mention is the fact that in the present experiments and in 
others/^ as fii'.st shown by Weeeh and associates,^ the fall in albumin begins 
at once, and is progressive, initially at least, as long as protein is withheld 
from the diet. If thei’e is such a thing as “deposit protein,” or “reserve 
protein,” it certainly fails to manifest itself under the conditions of these 
experiments. It would seem, therefore, that hypoproteinemia due to deficiencies 
in dietary protein cannot be prevented by body protein, or some other source 
of endogenous protein, which suggests that the concept of reserve protein may, 
perhaps, not apply to hypoproteinemia produced by dietary means alone. 

SUMMARY 

1. A pronounced (29 per cent) fall in the concentration of the albumin 
fraction of the plasma rvas observed in 5 dogs on a protein- and fat-deficient 
diet for three weeks; a similar but much smaller (14 per cent) fall occurred 
ill 10 other dogs that were fa.sted completely. The globulin fraction remained 
relatively unchanged. 

2. The less pronounced hjTioalbuinineniia in the animals completely fasted 
was accompanied by an increased red blood cell volume and was, therefore, 
due in part at least to dehydration; in a few instances of pronounced hemo- 
coneentration the decline was masked or even replaced by a rise. 

3. The observed hypoalbnminemia began with the onset of the experiment 
and was progressive. This indicates the absence of any store of reserve pro- 
tein for the manufaeture of serum albumin during a dietary induced deficiency. 
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LABORATORY METHODS 


QENERAL 


SIMPLIFICATION OF FLUORESCENCE MICROSCOPY® 


Clarexce P. CrBAHA.Ar, JI.T)., Albaxa', N. Y. 


T he fluorescence method of microscopy for the demonstration of Mycohdc- 
tcriuni tiLhercuIosh lias recently attracted some attention in this country, 
but a more general testing and appraisal of tlie procedure is likely to be delayed 
because of a belief that the apparatus mpiired is elaborate and complicated, 
or else expensive and difficult to obtain. Furthermore, commercial equipment 
already under test in some liihomtovies has met a most unfavorable reaction on 
the part of the workers who use it because the illumination is so dim that the 
tuherele bacilli can be seen only in an almost dark room, and at the ex])ense of 
great eyestrain during pi-otracted examination of films. This is totally un- 
necessary, but unless a more satisfactory form of light is devised the whole 
method may fall into disrepute as impractical. The principle is so .simple, how- 
ever, and the application so easy that the method may well lie given the iu- 
vestigation it deserves if the technique can be reduced to a minimum no more 
difficult than ordinaiy microscopic examination. 

The principle is eiemenlai'y. It has been found that oi-ganisms of the acid- 
fast group, when stained by any one of a series of yellowish dyes, retain the stain 
after deeolorization with acid alcohol, while bacteria not acid-fast lose the stain- 
Tlie dyes used for the staining, including anramine-0, berberine snlfate, and 
thioflavine, are those which fluoresce when illuminated by ultraviolet light just 
off the end of the visible spectrum, the so-called "glass ultraviolet,” which passes 
tlirough ordinary glass witli only moderate reduction in intensity. If a film 
stained and decolorized as indicated is illuminated with a powerful light which 
has passed through a deep blue filter of appropriate transmission band, the or- 
ganisms which have retained the stain fluoresce a bright oi'ange yellow, while the 
rest of the field is dazzlingly blue. An orange-yellow glass disc on the diaphragm 
of the oevdar, selected for color .so that it passes the fluorescent light of the 
bacilli and is opaque to the blue light of the field, ivill alloiv the stained bacteria 
to flare out on a dark background. The appearance is much like that seen with 
dark-field illumination, though the principle is totally different, and the fact 
that the organisms are self-luminous from their fluoreseence and in sharp con- 
trast to their surroundings makes them appear much lar-ger than usual, so that 
they are easily seen with a high dry objective, as of 4 or S mm. focal length. 

*From the Department of Pathologry and Bacteriologj-, Albany Medical College. 

Aided by a grant from the Van Rensselaer Rnnd for Research in Tuberculosis. 
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Fig. 1. 

1 in fni- tlip uurnose has been found in the 500-watt G. E. 

A satisfaetorj du i in to 115 volts This is mounted in a ventilated 

projection hulh operating on 1 1 condenser can he obtained 

sheet metal lamp box impim IS 

from an old ^ “ ^ relation of the lamp to the condensing 

has proved equally useful ^ ^ P _ checking the effect of changes by the 
lens IS ^etermine^ microscope. It has been found that the lamp 

Sd^fset with the plane of the filament coils at an angle of about 30° to 
the optical axis so that the images of the coils will nearly overlap, as seen in the 
lighted field of the microscope. The housing should be large and provided with 
ample air inlet and outlet to dissipate the heat rapidly. It has also l^een found 
that the filter is better placed in front of the condensing lens rather than behind 
it. The beam of light should practically cover the mirror of the microscope, 
and its location is best seen when the mirror is half covered with a card during 
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adjustment. This arrangement calls for only an ordinary commercial bull) of 
relatively low cost, jilus the ajjplication of a little ingenuity in making tlie 
housing, and dispenses with all special equipment, except the l)lue and yellow 
filters.^ A substitute for the blue filter can be made with an ammoniacal solu- 
tion of cupric sulfate contained in a flat-sided bottle, and adjusted to the proper 
depth of color by watching the microscope field as the solution is diluted. 

For the benefit of those avIio have not had the opportunity to consult the 
literature which outlines the fluorescence technique, the procedure is described 
in its simple detail. 

Heat-fixed films are stained in the cold for three minutes with a solution 
of auramine-0 (national aniline) made up as follows: auramine-0, 0.1 6m., 
phenol absolute, 3 ml., and freshly distilled water, 97 ml. This solution should 
be kept in the dark, and made fresh every two wmeks. It forms a slight precipi- 
tate without apparent loss of staining property. The film is rinsed in running 
water and decolorized for two minutes, and again for five minutes, with two 
applications of the solution: concentrated hydrochloric acid, 4 ml., sodium 
chloride, 4 Gm., 70 per cent alcohol, 1 liter. Deeolorization maj' be continued 
much longer if desired, even for twenty-four hours. The slide is rinsed in run- 
ning water, dried, and e.xamined with the 4 mm. objective and a lOx ocular, 
or with an S mm. objective and a 20x ocular. 

In films made from concentrates of .sputum by sodium hydi'oxkle digestion, 
practically no fluorescent material is seen, except the auramine-stained bacilli, 
so that a question often asked by persons seeing such a preparation for the 
first time will be, “Is this from a culture?’’ Direct films from sputum or spinal 
fluid, however, may contain many fluorescent inflammatozy cells which hinder 
the examination. In such eases the suggestion of Herrmann may be followed, to 
counterstain for a few seconds with 0.1 per cent potassium permanganate solu- 
tion follow'ed by Loeffler’s methylene blue, to make the cells so dark a blue that 
they become invisible.^ In this laboratory concentrate films ai'e e.xamined rou- 
tinely, so that no difficulty has aiasen, except iji the case of the spinal fluid of 
tuberculous meningitis, in which instance the counterstain has ivorked perfectly. 
Since a properly stained preparation wall show nothing fluorescing except the 
bacilli, if ans^ are present, it may be difficult to focus on the plane of the slide 
with no reference object in Anew. To meet this difficulty the suggestion has been 
made that a dot or streak of the auramine stain be put on ojie end of the slide 
just before it is examined, to give a reference plane for focusing. 

In adjusting the illumination, it has been found convenient to pick up the 
light from the plane mirror Avith the loAA--poAA'er objective and center it properly 
before the high dry lens is sAvung into use. If organisms are abundant, they can 
usually be seen Avith the Ioav poAver directly, and if the Ioav- and high-poAA^er 
lenses are parfoeal, the final adjustment is much simplified. The loAA'-poAver field 
appears dark red, greenish, or almost black AA'ith any fluorescent particles sIioaa'- 
ing as bright dots of light. The condenser should be at its top position, as loAver- 
ing it gives a red or light-colored baekgz-ound. The aluminized mirror, as stated, 
is not necessary, but the microscope mii-ror and condenser should be kept rea- 
sonably clean. 


•These may be obtained from the Spencer Lens Company. 
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A photograph of the improvdsed light housing is showrr to xndieate its gem 

oral manner of construction. Other designs of housing or other ^ ° ^ 
may prove even more useful. It is hoped that simplification of the teclmique 
maV stimulate further test of this perhaps valuable method of investigation. 
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PRODUCTION OF EXPERIMENTAL HYPERTENSION AND THE 
INDIRECT DETERMINATION OF SYSTOLIC ARTERLIL 
PRESSURE IN RATS''* 


G. P. Kejipf, M.D., AXi) IiiviNE H. Page, JI.D. 
IXDUXAPOLIS, IXD. 


T he assay of antipressor extracts of kidney requires the use of large nuia- 
bei's of lij'pcrtensive aiiinials. Dogs have been extensivcL' employed, but 
their disadvantage is the high cost of care and tlie resultant limitation of the 
number of observations. Rats are elieaper, but many investigators have had 
difficulty both in producing hypertension and in measuring their arterial pres- 
sure. The ])urpose of tliis communication is to record the experience we have 
had in the preparation and study of over 1,000 hypertensive rats. 

PUODCCTIOX OP UYPERTEXSIOX 

Page (1939) dcscrilied the use of silk and cellophane for eliciting hyper- 
tension by formation of a perinephric fibroeollagenous hull around the 
parenchyma of the kidneys. Thin China silk, organza silk, or even thin cotton 
batiste may be used. After anesthetizing the rat (males weighing 140 to 160 
Gm. are most satisfactory) with seconal (sodium propyl-methyl-carbinyl all.yl 
barbiturate, Lilly, 35 to 40 mg. ])er kilo.gram injected subcutaneously), the 
forelegs are tied down ^vith the back of tlie animal against the operating board, 
while the hind legs are tied with the abdomen down, so tudsting the animal in 
such a way as to give excellent exposure of the kidne.vs. The operator’s hands 
and instruments are scrubbed, but aseptic technique is unnecessar.v. An in- 
cision is made parallel udth the vertebral column, beginning in the costo- 
vertebral angle, and the kidne.v is delivered with the aid of chalazion forceps. 
The fat is stripped off, the silk is folded ai'ound the kidney and held in place 
bj' either a string around the jjedicle or a purse-string ligature. The silk should 
be applied smoothly. The kidney is then replaced aiid the muscle and skin are 
closed with silk thread (No. A). Silk may be applied to both kidne 3 's or only 
to one and its partner removed. Page, Patton, and Ogden (1941), and Williams, 
Harrison, and Grolhnan (1942) have modified this procedure bj* applj'ing 
collodium instead of silk, but the latter investigators do not find it as satisfactor.v 
as silk. 

We have also used the method employed by Drurv (1938) for producing 
hypertension in rabbits, namel.v, constricting the main renal arteiy by a loop of 
silk thread. A wire approxiinately one-third the diameter of the normal artery 

♦Prom the t-ilb' Lalboratorj' for Clinical Research, Indianapolis City Hospital. Indian- 
apolis. 

Received for publication, December 29, 1941, 
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determix.vtiox of systolic .\kterl\l pressure IX R.VT3 

The method of Williams, Harrison, and Grollman (1939) has been used. 
We haye found it very satisfactory if a few modifications are introdneed. In 
essence the method consists in determinmg the pressure at which blood begins 
to flow into the tail after compression by a cuff, as indicated by a plethysmo- 


graph. 

Apparatus.-The sphygmomanometer cuff (G) in the diagi-am of Williams, 
Harrison and Grollman (1939) was reduced to 2.6 cm. length because a greater 
len-th of tail was left for the plethy.smogi-aph, and correspondingly the readings 
were sharper. The tubing should be sufficiently loose so that not more than 10 
mm. Hg pressure are required to collapse it. The plethysmograph may he made 
more sensitiye by tying off tlie rubber sleeve within it at the distal end instead 
of leaving it open as in the diagram, but we prefer the original method because 
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the movements of the animal are not undulj" magnified. The water in the 
plethysmograph is warmed b}' means of an electric light bulb placed close to 
the syringe E. The bore of the rubber tubing leading from the plethysmograph 
to the water manometer may be as small as inch in diameter, and the length 
need not be inconveniently shox'tened if the wall is thick. The water manometer 



Fig. 1, — Modifications o£ Williams, Harrison, and Groliman’s method for systolic blood pressure 

in rats. 


is easier to read if a little safimnine is dissolved in the water filling it. It is 
important to change the fluid daily to prevent growth of mold which maj*' clog 
the tubing. Cautery set double rubber bags* seem more convenient than the 
ordinai’y sphygmomanometer bulb for reduction of pressure within the system. 
Instead of using these bulbs for inflating the sphygmomanometer cuff (G), air 
from the laboratory line is employed. 

♦Double blast cautery bags may be secured from the Davol Rubber Co.. Providence, R. I. 
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the readings more accurate. . 

The nearer one is to systolic pressure the slower Co i^’ c ue 

ill the manometer. A continued rise demonstrates that t he ^ 

to blood entering the tail rather than to the movement o the } 
air pres.surc is lowered to less than venous pressure in the tail the ^satev 
the manometer should fall. Four or five readings arc taken on each anima . 

COMJIENT 

Comparison of the shorter sphygmomanometer cuff with the 
shows that readings are sharper and more rapidly taken. Overheating the lat 
as eiddenced bv red ears and paws, overactivity, and sweating must he avoided. 
They may suffer a heat stroke and die. By this method ot blood pressure de- 
termination more uniform and hUjhcr systolic pressures were obtained on prop- 
erly warmed animals than on unwarmed or partly warmed ones. Preheating 
the rats is necessary, a.s Williams, Harrison, and Grollman state, ^^e find the 
shorter time at a higher temperature, as suggested by them, somewhat more 
effective than five to ten minutes at 40° to 42° C., and we alsc believe that warm- 
in.- the rat holder is essential. The change in the design of the holder has the 
very considerable adyantage that the rat may be introduced more easily and 
nuthout excitement. Excited, frightened animals obviously give false values; 
it is probably not well recognized that defecation while in the holder may raise 
the pressure 30 mm. Hg, although occa.sionally a fall will occur. Unusual sounds, 
especially strange voices, iisnally affect the readings. Handling the lats by 
their tails should he scrupulously avoided, as well as giving intramuscular or 
subcutaneous inieetions in this region. 

The average .systolic pressure taken daily for five weeks in five of our nor- 
mal vats was within the limits of 100 to 120 mm. Lower and much more ir- 
regular readings are obtained if the animals and the animal holders are not 
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warmed. Single readings with the warmed rats were found to correspond witli 
the average readings in about one-half of the trials. The other half varied from 
20 mm. Hg to occasionally as much as 100 mm. Hg from the average. These re- 
sults caution against accepting a single reading. 

For testing the antiprcs.sor potency of kidney extracts we find animals with 
arterial pressure about 200 mm. Hg most satisfactory. The normal fluctua- 
tions of such animals is about 20 mm. Hg; hence a satisfactory extract, when 
given daily, must reduce the pressure below 150 mm. Hg. After discontimiiug 
extract, the return to the initial blood pressure level usually lakes more than a 
day. At least three hypertensive rats are used for each assay. It is important 
that the personnel dealing wdth these animals be sympathetic toward them, and 
that injections of extracts not be made at or near the time blood pressure read- 
ings are taken. If the latter precaution is observed, it will be found much 
easier to train the animals. 

SUJIJIARY 

1. Silk perinephritis and constriction of the renal artery by a silk thread 
both elicit arterial liypertension in rats of a degree sufficient for assay of renal 
antipressor extracts. The preparation of hypertensive rats by these methods 
is described. 

2. The method of Williams, Harrison, and Grollman for measurement of 
systolic blood pressure has been modified to increase its effectiveness. 
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TTig. i._ilicroplpeUe (left) and syringe fitted with adapter (right). 

The apparatus shown in Figs. 1 and 2 was developed to replace the syringe- 
needle a.ssembly, and has been used with satisfaction during the past several 
months. The micropipette (left, Fig. 1) is 334 inches long and is graduated o 
deliver five aliquots of 0.05 ml. each. The top of the pipette contains a safety 
imlb beyond which it tapers to fit in the adapter of the plunger unit. The latter 
consists of an ungraduated sjadnge with colored ground-in piston; it is used to 
generate suction for filling the micropipette and to regulate the delivery of virus 
suspensions from it. 

^he Unit Personnel consists of Commander A. P. Krueger; Lieutenants (j.g.) AV. P. 
nu i, ? ’ I P '^PoseiSfera and N S. West; Ensigns A. S. Browne. O. J. Golub, and J. R. 
Chesbro. E. P.osenberg and s a Sislock ; Phil Ic, W. L. Axelrod; Phil 2c. E. R. 

CmSfohnand'’G!-B: kttrst and Phil 3c. H. R. Burkhead and C. R. AVebb. Jr. 

The opinions advanced in this paper are those of the writers and do not represent the 
official views of the Kavy Department. 
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Under ivoi'kin'f conditions the jilunger unit is mounted rij^idly in a Inireltc 
elamp, and micropi})ette.s are fitted into the adapter as needed. Usually a fairly 
largo series of pipette.s Mdll he einp}o.ved in succession, iisiii!,^ a clean one for each 



Pig. 2. — MicropiiJctte asseiDbly In use for conducting iiitranasal inoculations. 

virus-containing .suspension to be inoculated. The pipettes cost about one-half as 
much as a regulation 0.25 ml. liypoderniie .syi-inge, and since only one or two 
plunger units per operator are required for a days woi'k, the total cost for 
equipping' a laboi-atoi'y is very reasonable. 


This eciuipment is available through Mr, C. E. Canienson, The Micro-Chcmical Specialties 
Company, 2112 Berkeley AVay, Berkeley, Calif. 



SODIUM I’KNTOTllAD ANFiSTHKSlA UOR ABDOJIIXAL SUUOKRY IN 
K X U D U I M DN'l’ AD AN 1 MADS* 


IndUCTIOX IlY ISTU.WI'.Nors IN.IKCTION' and ifAlNTKN'ANCK n\ IxTMiJ/n 

iNTUAl’KUnONKAl. Duil' 


A. D. I’r.AiHn:, ADD., and D. A. Thkzian', Sc.D. 
Piiii..\»i;i.riiiA, Da. 


S HORT iliiralion lit-twea'ii iulini nisi ration and oxeretioii is a desirable at- 
tribute of any aiiesthelie i)eeause it ])erjnils more immediate eontrol of the 
anc.slhelic level. The adat^e “better to repeal than to repent" has been im- 
prcs,sed upon many surgeons and nne.slbetists workin;' witli various lon‘'-action 
anestlietie ai'ents. 

AVliile pi;rforinin}i ecrtain experimental abdominal proeedurcs in dogs and 
rabbits, we developed a maintenanee teelmupic with sodium ])entothalt wiiich 
permitted us to disjjense with the services of an anesthetist lor tiie entire proce- 
dure. If we worked in pairs, the assistant induced the ane.slhesia by intravenous 
injection while the operator remained attired in sterile gown and gloves. If we 
worked alone, the operator induced the anesthesia by intravenous injection while 
wearing an extra i)air of rubber gloves, which %vcrc removed before starting the 
abdominal operation. The instrument tray contained a sterile syringe with a 
hypodermic needle into wincli the operator drew sodium pentothal for intraperi- 
toneal administration during the course of the operation. 

For rabbits we used 1.2.5 and 1 per cent solutions of sodium pentothal. 
The latter was more satisfactory. The animals weighed approximately 4 
pounds. They were placed in a box witli the liead protruding, and 2 to 3 
c.e. of 1 per cent solution were administered in the lateral marginal vein 
of the ear. With this amount, corneal reflexes still remain. Five cubic centi- 
meters of 1 per cent solution are lethal. The animals w'ere then strapped on the 
operating table and the procedure was started. If a minimal induction dose 
was used, the animal tnight be restles.s during the opening of the peritoneum. 
A few drops of 1 per cent solution administered from the sjuinge on the tray 
would stop this. After the peritoneum was opened the entire length of the in- 
cision, little difficulty wms encountered. Alaintenanee of anesthesia was done bj' 
dropping intermittently a small amount of sodium pentothal into the open ab- 
domen, guided by restlessness of the animal and the character of its respirations. 
Shallowness of respiratory exchange indicated too great depth. An average 

•From the FounUation for Clinical and Surgical Research. Dr. John O Bower nieeet..,. 
lA product of the Abbott Laboratories. Director. 

Received for publication, Februarj- 25. 1942. 
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anesthesia was performed for wedge gasti’ie rc.seefion wJierein 2 e.e. of 1 per 
cent solution were given intravenously for induction, and 1.4 c.e. by iiitra- 
peritoneal drip for maintenance. The operative procedure lasted one-iialf 
liour. l^Iore than 50 rabliits liave been operated on with the above tcehnicpie. 

For dogs we used 2 and 2.5 per cent solutions. The animals Avere strapped 
on the operating table, and the induction do.se was given into a superficial vein 
of the forepaw or the hind leg. The amount neees.sary varied with the .size and 
vigor of the animal, jllorphine and atropine preoperatively were of great ad- 
vantage. Dogs weighing less than 20 ])ounds received morphine sulfate gr. Vs 
and atropine sulfate gr. tho.se weighing more than 20 jioimds received 

morphine snlfate gr. Vj and atropine sulfate gr. Vino- This preoperative .seda- 
tion wa.s given hypodermically forty-five minutes before. Little difficulty wa.s 
found in opening the peritoneum. Anesthesia wa.s maintained by intermittent in- 
traperitoneal drip. Anesthetic level was determined by respirations and restless- 
ness, and the status of corneal reflex was obtained by touching the cornea with 
a piece of gauze Avhicli Avas then discarded. A repi'esentati\’e anesthesia Avas 
performed in a 60 pound dog, to AA'hich 14 e.e. of 2.5 pov cent solution AA'cre 
given intravenously for induction and 12 e.e. AA-ere given intraperifoneally for 
maintenance during a procedure on the biliary ducts, lasting one hour, More 
than 25 dog.s have been operated upon Avith this anesthetic tcehniiiue. 

2008 Walxut Stbret 


THE SEDIJIENTATION RATE IN HO DO KIN'S DISEASE^ 


BoAvir.AN Wise, M.D., Dukha-ai, N. f. 


I T IS generally recognized that the erythrocyte sedimentation rate usually is 
significantly cleAmted in Hodgkin's disease, but that it is of no aid in the 
differential diagnosis of this disease. lioAvcA-er, tlie relationship of the sedimenta- 
tion rate to phases of activity, or rcIatiA'e quiescence, of the disease has not been 
studied. The present stud.v AA’as undertaken to determine AA'hcther the sedimenta- 
tion rate might be of aid in determining the state of acliA-ity of the Hodgkin's 
disease process, thereby furni.shing indications for treatment, esjieeially during 
intervals in Avliich the patient is symptom free and has no objeetiA’e evidence of 
activity of the disease. 


MATEULVL AND METHOD OP STUDY 

The sedimentation rate of the red blood corpuscles has been determined 
by the Wintrobe method.^ 

The data reported here haAm been accumulated from patients in Duke 
Hospital in AA'hoin the diagnosis of Hodgkin’s disease has been established liisto- 

*Froni the Department of ^Medicine ami the Department of Bactoriologry. Duke University 
School of Metlicine. Durham. 

Received for publication. January 16. 1942. 
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WISH: 


SiAliiiienlalion raU‘S liavo iioi'ii (lotiM'iiiiiH’d at tlie tiiia; of tlio 
imlial visit aiul, wla-iicvvr possilile, at intiTvais tiiroia^lioul Ihi* iieriod of ol)- 
servation. Bevaiisi* pativiits fri‘(HU‘iitly loavo llu‘ lio.s]>ilal or out-i)atiriit clinic 
promptly upon tlic ciunplction of rocntiitni therapy, it has not l)ccn jjossible to 
make olvservations of tiic immediate effect of sucii tiicrapy on the sedimentation 
rate. 


ni>iCi.T.s 


Single determinations of the sedimentation rate were nuule on 17 patients 
sufferin;^ from IIodi:kin's disease, the results of wliieli are ^iven in Table I. 
They show a si^nitieanl elevation of the sedimentation rate in Hodgkin's disease 
and an absence of any correlation with the duration of the disease or therajjv. 
In all these patients, because of the existence of fever, obvious projiressive lyinidi 
node enlargement, or evidence of [)rogressive visceral or osseous involvement, the 
disease process was considered to be active at the lime the sedimculatioii rates 
were determined. 

Thirteen patients afforded an opi)ortunity to make rei)eated deterinination.s 
of the sedimentation rate during the course of the disea.se. The case histories 
of the majority of these patients have been reported in detail elsewhere- and 
are summarized briefly here in the numerical secpience in which the patients 
came under observation, 

Tabi.e I 


Bcooii Sedimen-tation- Uates or 17 P.wiexts Sckkeiii.n-g Fp.om Hot)CKix’.s Dise.vse 


I’.UIEXT 


. 1 . 0 . 
L. S. 

V. \V. 
-M. H. 
a H. 
E. IV. 
1'. H. 
P. T. 

c. a 
j. c. 

S. M. 

E. il. 
P. C. 
K. G. 

F. T. 
S. G. 

W. D. 


'.ACE 

SEX 

AGE 

<OU!lE<*TEU 

SEUUiEXTA- 

TIOX KATE 
(Mjr./iiK.) 

OVP..\TIO.V OK 
DISEASE liV 
lU.STOP.Y 

\v 

M 

20 

43 

21 years 

IV 

F 

■i-l 

44 

2 years 

w 

F 

20 

40 

8 to 0 veurs 

AV 

F 

24 

29 

20 months 

AV 

ir 

as 

34 

21 months 

AV 

M 

28 

39 

S years 

AV 

F 

21 

42 

C months 

AV 

F 

29 

39 

22 months 

AV 

At 

38 

.^7 

4 vear,s 

\v 

il 

30 

32 

13 months 


F 

43 

38 

3 months 

AV 

M 

20 

32 

9 months 

AV 

F 

25 

46 

8 months 

AV 

it 

17 

40 

5 vears 

AA' 

it 

30 

40 

2 months 

AV 

JI 

38 

32 

8 months 

AA’ 

AX 

31 

25 

2 years 


PP.EVIOU.S TnEP..U>Y 


Uoeutgen tlierapy 
Roentgen therapy 
IRoentgen therapy 
iKone 

[Roentgen therapy 
jRoentgen therapy 
[None 

Sulfapyridine and roent- 
gen therapy 
Roentgen therapy 
Roentgen therajjy 
Roentgen therapy 
N'one 
Xone 

Roentgen therapv 
IXone 

Roentgen therapy 
Roentgen tlierapv 


Case 1 ns of particular interest because of the demonstration of normal or 
neailj normal sedimentation rates during periods in which there ivas no evidence 
acliviu of the disease. In this patient elevation of the .sedimentation rate 
from a previous normal level preceded bv six weelis anv 
recurrent activity of the disease process. ' * 
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CASE KEl'OKTS 

Case 1. — H. P., a 24-_vear-(jl(i man, cntcreil the liosipital on Oct, 2iJ, ISSS, com- 

plaining of riglit cervical lymph node enlargement of one year's duration, which had heea 
treated by excision and superth-ial radium therapy. At tlie time of admission a lymph node, 
il to 4 cm. in diameter, and several smaller nodes were palpable in the right cervical region. 
Snicella xiit's was i.«o!ated from a right eervieal lymph node whicii had the characteristic 
histopathologic appearance of Hodgkin's disease. 


PATE 

COKriEC'TEP SEPI- 
ilEXTATIO.V PATE 

mm./hu. 

.srp.sEQrEXT roi’iiSE 

10/27/38 

i> 

Eegressiim of right cervical lymph node enlargement under treat- 
ment with sulfanilamide and serum from a person con- 
sidered immune to brucella infection 

7/31/39 

4 

So evidence of activity of the Hodgkin 's disease process 

, 9/23/39 

S 

Questionable sliglit recurrent enhirgcment of right cervical lymph 
nodes following acute plmryngitis two weeks previously 

11/27/39 

20 

Ho evidence of activity 

1/29/40 

34 

Recurrent right eervieal lymph node enlargement regressing 
slightly under sulfanihimidc tind roentgen tlierapy 

4/15/40 

34 

Condition unchanged 

6/10/40 

2a 

Cough of two weeks’ duration; mediastinal mass demonstrable in 
chest roentgenogram; marked diminution of congli (luring 
treatment with sulfathiazolc, but size of mass unchanged; 
roentgen therapy instituted to mediastinum 

8/ 6/40 

34 

Chills and fever of three weeks’ duration; complete atelectnsi.? 
of left lung from pressure of mediastinal mass; roentgen 
thertipy 

10/ 8/40 

36 

Fever; weight los.s; per.si.vtcnt atelectasis of left lung; liver and 
spleen jialpablc 

10/ 8/40 

34 

Condition unchanged under further roentgen therapy 

12/ 2/40 

15 

Fever, marked weight loss and anemia; ree.xpansion of lung; 
liver and spleen increase in size; questionable infiltration 
of lumbar .spine; no improvement under roentgen therapy; 
death on Feb. 7, 1941 


Cases 2, 7, and 11 sliow a tendency of the elevated sedimentation rate to 
remain at a constant level during- a period of mouths, even though temporary 
improvement in the patient’s condition or relative inactit'itj" of the disease may- 
be apparent. 

Case 2. — W., a 5-yeav-oh1 negro boy, was brought to the hospital on JCov. 1(5, 1938, 
with an enlargement of Iii.s neck of ten months' duration. It was not possible to admit the 
patient to the hospital until Jan. 26, 19.39, at which time examination revealed marked en- 
largement of the left cervical and left axillary and inguinal nodes, A chest roentgenogram 
showed a mediastinal mass. Lymph node biopsy confirmed the clinical diagnosis of Hodgkin 's 
disease. Under treatment with sulfapyridine there was a marked decrease in the size of the 
enlarged superficial lymph nodes, and roentgenogriiphic examination showed diminution in 
the size of the mediastinal mass. The patient was discharged from the hospital on Alarch 3, 
1939. In May, 1939, he was readmitted to the hospital with an enlargement of the left in- 
guinal and femoral lymph nodes, but there was no recurrent enlargement of other super- 
ficial lymph nodes, and a chest roentgenogram showed complete absence of the mediastinal 


U'l.'K; 
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«j;i)I.Mj:NT.niO.N’ JfATE IN HODOKIS'S DlSEASi; 


ma.-3 noted Ijefore. llir* teiin»'r;iture 
blood culture. Kiillowinu tnuitmeut 


teaelied o'.t° firuriltii nii litniAi.f was i.‘ioIate<I from a 
witlv aulf:(i>yri<litn! uuil bovine anlimelilensis .‘•ernm, tiiu 


patient beeaiiie afebrile, and llie eiilarjjed lyiiipli iiode.s bad decreased in .-ize by the tinio of 
di.'oliarge on June S, Itb’.'.'. The jiatieiit’.- .-tibse((tieiit eoiir.-e is tabulated below; 
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THE JOURXAL OF LABORATORY AND CLINICAL MEDICINE 


Case 11. — A. A., a 10-year-oW woman, entered the hospital on June 27, 1939, complain- 
ing of weakness, loss of weight, and enlargement of the neck of seven months’ duration. 
Above the suprasternal notch and in the right cervical region were numerous enlarged Ijmph 
nodes constituting a mass 5 by 4 cm. The spleen was palpable. A chest roentgenogram 
showed a large mediastinal mass. Lymph node biopsy confirmed the clinical impression of 
Hodgkin’s disease, and from the biopsied node and from the blood Brucella side was isolated. 
Her subsequent history is summarized below : 


DATE 

CORRECTED SEDI- 
MENTATION RATE 
MM./HR. 

subsequent course 

6/27/39 

34 

Moderate decrease in cervical and mediastinal lymph node en- 
largement under roentgen therapy 

9/ S/39 

34 

Weiglit gain of 11 pounds in interval; no recurrent lymph node 
enlargement; marked fatigability 

12/22/39 

34 

Slight recurrent enlargement of cervical nodes; enlargement of 
left inguinal nodes; roentgen therapy 


Cases 6, 17, and IS show a definite fall in the sedimentation rate following 
sulfonamide and/or roentgen therapy. 

Case G. — C. I., a 40-year-old white woman, in June, 1938, noted gradual enlargement of 
the superficial lymph nodes accompanied by fever and marked fatigability. In January, 1939, 
mediastinal enlargement was demonstrable, and the liver and spleen were palpable. Ljanph 
node biopsy establialied the diagnosis of Hodgkin’s disease. Under roentgen therapy her 
fever subsided, the IjTuph node enlargement disappeared, and tlie liver and spleen were no 
longer palpable. Her subsequent course as is known is given below: 


DATE 

CORRECTED SEDI- 
MENT.VTION RATE 
MM./HR, 

SUBSEQUENT COURSE 

3/ 1/39 

26 

Initial visit two weeks after completion of roentgen therapy 

6/ 6/39 

36 

Fever and slight enlargement of a right cervical node; spleen 
palpable; Brucella melitmisis isolated from blood cultures. 
Prompt subsidence of symptoms and splenic enlargement 
under treatment with sulfapjTidiue and bovine antimeliten- 
sis serum 

7/20/39 

19 

Entirely symptom free 


Case 17. — G. R., a 16-year-old white boy, entered the hospital on March S, 1940, com- 
plaining of superficial lymph node enlargement of two years’ duration. Lymph node biopsy 
in August, 1939, established the diagnosis of Hodgkin’s disease, and he was subsequently 
given roentgen therapy, with reduction in the size of the enlarged nodes. At the time of 
admission to the hospital there were daily elevations of temperature to 39° C., a few small 
firm lymph nodes were generally palpable, and the spleen, which was firm and nontender, 
extended 10 cm. below the costal margin. A chest roentgenogram was not remarkable. 



CORRECTED sedi- 
mentation RATE 
mm./hr. 


SUBSEQUENT COUKSE 

.3/4/30 

18 

Initial visit 


3/8/40 

4/5/40 

18 

Temperature 

fell under sulfathiazole therapy, but the patient 

7 

did not become afebrile until roentgen' therapy was in- 
stituted to splenic area; spleen ceased to be palpable 
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W’lsu; 


SKOlMr.NTATlON- UATK IN’ IIOIXiKlN ’« DI-SKASI-! 


CAsu 18.-J. Q., a ^n-yoar-ow white 

for stuily. Ilia illnc.-a Ix’^au m l)coeml)or, 1... , ” j. cervical and axillary 

cn.il .1.; a«.nn,cr of llKl'. la May, HKl . code were typical of 

lyniph nodes waa noted, and the time altotved liiltir eiilargemeiit. 

Hodgkin’s disease. A cheat ti,„e Hm ,,uiieat had been al- 

Roentgen then.py was in-sUtuted in ■ feVamall nodes were Jiotcd in the axillae. At 

most sjTuptom free. In ^^eptember, 1 ..d, • • elevation of 

the time of his visit to the hospit-.il he id en i t j , p, ; ..,i examination revealed 

two very small palpable right axillary node., 
observation is given below: 


DATE 

COr.llKCTKD SEDI- 
UEST.VTIOK U.VTE 
M\r./nr.. 

.suusEqUEXT coenSE 

4/20/10 

47 

Inilittl visit 

0/ 7/40 

.10 

Condilioa unchanged. Slight daily elevation of temperature con- 
tinued 

0/17/40 

14 

I’aticnt received sulfatUiazolo from 0/11/40 to 6/20/40 

0/19/40 

11 

— — — — 


DI.SCUS.S10N' 

The findius of a normal or low erythrocyte 
period of apparent ciuie.scencc of the Hodgkin .s t isease, .sugges s la . 

dure may have a distinct uscfulnc.ss in following the coui;se of the Hod 1 m 
disease proce.ss. In particular, the finding of an elevated sedimentation rate may 

aid in deciding when further therapy is advisable. . , . v . « . 

It has not been possible as yet in this study to determine the immediate effect 
of roentgen therapy upon the sedimentation rate in Hodgkin’s disease. Patients 
in whom the progress of the disease process has been relatively constant and 
rapid, and who from time to time have received roentgen therapy, have main- 
tained elevated sedimentation rates. However, these determinations of the 
sedimentation rate have not been made at sufficiently close intervals to furnish 
information regarding the effect of roentgen therapy during the period when 
its effect is clinically most obvious. 

In patients suffering from Hodgkin’s disease, treatment with sulfonamide 
drugs has frecpuently been followed by regression of lymph node enlargement, 
disappearance of fever, and improvement in the patient s general condition. .Al- 
though the number of observations is few, a fall in the sedimentation rate has 
attended the good results of sulfonamide therapy. Only further investigation 
and experience can determine the proper place of the sulfonamide drugs in the 
treatment of Hodgkin’s disease, but repetition of the sedimentation rate at fre- 
quent intervals during the treatment period, regardless of the type of therapy 
employed, may be expected to aid in the decision as to the amount and extent of 
treatment advisable. 

Attention should be called to a fall in the sedimentation rate exhibited by 
two patients of this group. Cases 1 and 7, during the terminal stage of the disease. 
Wintrobe has stated that the sedimentation rate may be normal, or fall toward 
normal, in the markedly cachectic stage of tuberculosis, and that corrections of 
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the sedimentation rate in the presence of severe anemia may be misleading.* 
Both patients, nieutioned above, exliibited severe anemia and cacJiexia, to irhidi 
the fall of the sedimentation rates seems attributable. 

SUMMARY 

The sedimentation rate has been studied during tlie course of Hodgkin’s 
disease. Although usually elevated in this disease, the sedimentation rate may 
be normal during periods of relative inactivity of the disease process. The 
usefulness of the sedimentation rate in following the course of Hodgkin’s disease 
and as a guide in therapy is suggested. 
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A MERCURY VACUUM RELEASE^ 


For ULTRiVITLTRATlON AND OTHER EVACUATED SYSTEMS 


Petek S. Erhard, B.A., and Georoe M. Decherd, Jr., M.D. 
Galveston, Texas 


I N CONNECTION ivith many laboratory experiments it is desirable to main- 
tain a vacuum of a given level. While a siDpile mercury trap is adequate 
when the vacuum desired is only a few millimeters of mercury, for a higher 
vacuum, bubbling and loss of mercury is troublesome unless a large diameter 
tube is used, in tvliieh event a great deal of merexuy is required. The device 
we describe is easilj’ constructed, and is capable of maintaining the vacuum in 
a given sj'stem ivith a variation of onty a few millimeters. 

A 120 mm. T-tube is connected to the upper end of a 50 e.c. burette; through 
this, held by a piece of pressure tubing, is run a length of 5 mm. glass tubing, 
of such dimensions that when bent the upper end extends about 2 inches below 
the mouth of the burette, and the lower end about 1 inch above the tip. By a 
heavy damp, not shown in the diagram, placed near the upper end of the 
burette, the whole device is suspended in a bottle containing mercury. When 
connected to the system to be held at a given vacuum, the meremw rises in both 
tubes. When the level of the mercury drops below the tip of the glass tube, tlie 
mercury in this tube is drawn over, returning through the burette to tlie bottle, 


•From the department ot Medicine. University of Texas. School of Medicine, Galveston, 
Received tor publication. January 26, 1912. 
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ami iillowinjr air to oiilei- the .system. By iuljustini' tlic depth whicli tiic tubes 
pcneti'iite into the luereiiry, iu eoiijunetiou witii a iiiiinoiiieter, the device may be 
set so that air enters the .system at any given vaeuum level, and is Ijy-passed to 
the pniap, making certain that the vacuum does not exceed the desired level. 



Fig. 1. 


Variation in the internal pressure in the evacuated system may be minimized 
by drawing out the lower end of the tube to a small tip. 

We have used this for maintaining vacua of from 15 to 360 mm of mercurv 
nd have found it satisfactory for ultrafiltration and for holding animals at 
varying fractions of atmospheric pressure. ° 



CHEMICAL 


EFFECT OF STANDING ON CHOLESTEROL AND CHOLESTEROL 
ESTER VALUES IN HUMAN BLOOD® 


Ida Kraus, Ph.D., and Evelyn Kalal, B.A., Chicago, III. 


OTUDIES on cholesteroly.sis, cliolestei‘Ogeuetii.s,t cholesterol ester hytlroly.sis, 
and esterification of the different part.s of human blood (blood serum, blood 
plasma, whole blood) have presented varied and conflicting results. 

Schultz,^ Thannhauser,- Bloor and Knndson,^ found no change in the cho- 
lesterol values on incubation of human blood while Cytronberg^ and Sperry 
report marked hydrolysis and marked esterification, Sehube“ .states that blood 
cholesterol may change in vivo from week to week from 0 to 73 mg. He made 
a study' of 21 normal bloods and showed that after different time intervals ami 
at different temperatures, there was a variation from 15 points above to 19 
points below the original cholesterol values. 

Inasmuch as the per cent of cholesterol esters in the total blood cholesterol 
is of diagnostic significance in eases of liver damage and jaundice,^’ the 
question arose in our laboratory as to whether it was safe to allow the blood 
to stand any length of time before analyzing it for cholesterol and cholesterol 
esters, or whether these determinations should be made immediately after the 
blood was drawn. 

To answer these questions, a comparative study of cliolesterolysis, eholestero- 
genesis, and cholesterol ester hydrolysis and esterification on (a) o.xalated blood, 
(b) plasma from o.xalated blood, and (c) blood serum was made. 

PROCEDURE 

The bloods were .selected at random from those of patients and blood douorsj 
in the Cook County Hospital. Duplicate determinations for lioth total cholesterol 
and cholesterol esters were made immediately after the blood was drawn and 
after the specimens had stood for twenty-four hours. 

The plasma and serum were separated from the cells by centrifugation 
and placed in cork-stoppered containers. The whole oxalated blood was kept 
in stoppered tubes. For the “immediate” analyses, aliquots were taken soon 
after the bloods were di'awn, and alcohol ether filtrates were made at once (as 
directed below) and set aside in glass-stoppered bottles until the twenty-four- 
hour filtrates were ready. For the “twenty-four-hour” analyses the specimens 
were tightly stoppered and allowed to stand for, twenty-four hours at room 
temperature or in the incubator at 37° C. ; aliquots were then taken and alcoliol- 

♦From the Department of Biochemistry. Cook County Hospital, Chicago. 

Received for publication, September 5, 1941. 

■t“Cholesterolysis, cholesterogencsis” used in the same sense as the terms "glycolysis and 
glycogenesis." 

tBlood from normal donors was obtained througlt the courtesy of Dr. E. H. Seiuniier. Di- 
rector, Blood Bank, Cook County Hospital. 
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niOM-STKItOl- IN ih:mas IU.OOI) 


1*209 

fv' iii'Mvx ni.ww*/ 

KIur.S-KAI.M. 

, , . T..fU .-holesti-rol an.l <*h<.lestcT«l ester .letennina- 
other filtrates uere nu,U. 1. 1 tin.e faetors. 

lions were ma.lesmmltaneou. sli-htlv modified).— Three 

Total ClwUstcrol llMoor,” Saehe t met ^ transferred into a 

riihic eentimoters of oxalated hhxid. pipotte -Id aleohol-ether 

10.) e.e. volumetrie flask, nshm Make up to 

mixture is added throu!-di a lunne "■ yellow (ieterie blood), 

volume, mix well, and fdter. I m i,ots of the elear filtrate for 

shake with Idoyd's rea-^zent and refdtei. sc < U 

duplieate determinationst ol eholesterol 01 c iocs 

Taui.k I 

TiiTAI. ('IIOI.KSTKKOI. (MO./ 100 C.C.) 


(Ur-sm.T.s or Km.sT 20 f’.vsK.s Kp.om 

WHOI.r. BLOOD 1 

CL.VSMA 

IMMEDUTE 

V.VLL'ZS 

24-Hont 

v.vi.n-s 

iiirEEii- 

ENCE 

iMMKId.tTEl 
V.UA'ES 1 

VAT.I'KS 

1S4 

103.5 

172.5 

1S3 

157.5 

170 

-1.0 ' 
-0.0 
-2.5 

115 n 
193 1 

120 

1 197.5 

147 



155.5 

-1.0 

170 

170.5 

0.0 

159.5 

199 

-1.0 

181.5 

146 

-4.0 

334 

244 

-3.0 

155.5 

010 

-2.5 

21-2.5 

152.5 

1-0.5 

195 

140 

-2.5 

147 

220 

-2.5 

168.5 

250 

0.0 

213 

218.5 

-1.5 

151 

213 

1 -5.0 

168 


1 Sa..! 

ISO 

•22.5 


180.5 

125.5 
•220 
177 
157 
lS- 2.5 
.131 
1.55 
210 

195.5 
US 
109 
213 

152.5 

170.5 



SKP.L-M 

1 lurrr.r.- i 

IMMKDI.VTK 

•24HOUI’. 

PIEFEU- 

1 ENCE 

VALUES 

VALL'E.S 

ENCE 

^5.0 

-r- 1.5 

172 

108 

171 

108 

-1.0 

0.0 

-1.5 

-3.0 

279 

•241 

279 

240 

0.0 

-1.0 

-1.0 

243 

239.5 

—3.0 

1-0.5 

-l.O 

-l.O 

202 
.”,05.5 
i 200 

198.5 

310 

207 

- 3.5 

1 +4.0 

+1.0 

-l.O ! 
- 2.5 

200 

181.5 I 

I 204.5 
177 

-1.0 

—4.0 

1-1.0 

•223.5 

219 

— 1.5 

-3.0 

213 

209 

-4.0 

-0.5 

256 

254 

-2.0 

—2,5 

147.5 

149.5 

j-2.0 

1-0.5 

207.5 

209 

+1.5 

1-1.0 

157.5 

156.5 

-1.0 

^0' 

193 

196 

-fS.O 

0.0 

250 

252.5 

■r2.5 

-rl .5 

240.5 

242.5 

-f2.0 

■^ 2.5 

1()9 

167 

-2.0 


•Complete protocols available on request. 

Cholesterol Esters.— Cholesterol is preeipitated from the filtrate luth digi- 
touin. A quantitative separation of the cholesterol esters from the cholesterol 
digitonide is made by extraction with petroleum ether (b.p. 60 C.) as follows: 

Add 15 c.c. of petroleum ether to the residue from 25 e.e. ot evaporated 
filtrate. The mixture is thoroughly scraped from the sides and bottom of the 
beaker and triturated. Cover the beaker wdth a watch glass and bod on a 
water hath over an electric plate, rotating constantly to avoid bumping, until 
about one-half of the liquid has evaporated. Dit the beaker on the outside, 
and when boiling ceases, decant the solution with the aid of a .stirring rod 
through a small funnel plugged Avith a .small piece of cotton. The treatment 
with petroleum ether is repeated three or four times in ordei to insure quan- 
titative extraction of the cholesterol esters. The filtrate must be absolutely 
clear. Any trace of tui*l^i<iity 'vvill give iiigi^ results. aporate tlie combined, 
extracts to diyness, and proceed as undei’ cholesterol with chloroform extraction. 

•Twenty milligrams oC potassium oxalate for 10 c.c. of blood. 

tA fine granular precipitate is obtained, no lumps. 

♦Xot more than two or three sets of duplicates were set up at any one time. 
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Using the foregoing technique, we were always able to get like results 
with duplicate and triplicate samples. 

Table I shows the difference between the cholesterol values of whole blood, 
serum, or plasma tested immediately after drawing, and again in twenty-four 
hours. This difference is so .slight that it is of the same magnitude as the 
limits of experimental error. This indicates, contrary to the contention of 
Schube,' that the total cholesterol does not change significantly, if at all, Avhen 
oxalated whole blood, plasma, or serum is allowed to stand at room tempera- 
ture for twenty-four hour.s. It appears, therefore, that a specimen for total 
cholesterol deteimiination may safely be analyzed within twenty-four hours. 

On the other hand, Table II .shows that the values of cholesterol esters 
definitely change as the specimens stand. Of the 5S specimens studied, 25 
showed a significant increase in esters or an esterification on standing, ranging 
from 11 to 74 mg. per 100 c.c.; 9 .showed a .significant decrease, or a hydrolysis, 
on standing, ranging from -5.5 to -19 mg. per 100 c.c. ; the remaining 24 speci- 
mens showed little change. 

T.VBI.E ir 

CUQLE.STEROI, ESTER (MG./IOO C.C.) 

(Results of 20 C.vses Fro.\i a Series of 5S* Cases) 


(Whole Blood t) 


TOT.VL 

CHOLESTEROL 

t CnOLE.STEROL E.STER 

IMMEDIATE VALVES | 

24-UOUR VALUES 


167 

83.5 i 

84 

+ 0.5 

219 

05.5 i 

100 

+34.0 

128 

53 

127 

+74.0 

156 

82.0 i 

91.0 

+ 9.0 

144 

61.5 j 

81 

+19.5 

181 

118.5 1 

155 

+36,0 

203 

160 

172 

+12.0 

225 

SO 1 

106.5 

+26.0 

154 

60.5 1 

60 

- 0.5 

183 

64 1 

101 

+37.0 

186 

126.5 

126 

- 0.5 

214 

120.5 

169 

+48.0 

218 

126 

126 

0.0 

175 

101.5 

90 

-11.0 

233 

65w5 

66 

+ 0.5 

169 

98 

95.5 

- 2.0 

138 

64 

64 

0.0 

155 

103.5 

107 

+ 3.5 

163 

79 

90.5 

+11.0 

164 

92 

93.5 

+ 1.5 


♦Complete protocols available on request. 

tSimilar results ivere obtained with plasma and with serum. 


These results confirm the presence of esterase activity in human bloods.^ 
The presence and extent of that activity are unpredictable and varied and, 
therefore, must be evaluated for each specimen. 

Since the percentage of cholesterol esters in the total cholesterol is used 
clinically as a diagnostic aid in liver damage, the determination, to be of umlue, 
must be made on freshly drawn blood. 

The original value for cholesterol or cholesterol esters does not indicate the 
degree or direction of the possible changes on standing. 
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To establish whether the “eiizyiuatie” aetivity present, in sonic bloods and 
absent in otliers is transitory or is relatively constant, second fletei niinations 
were made on the same patients a week later. T'ho presence of the aetivity was 
shown to be relativelv constant. 


coNcntisioxs 

1. The total cholesterol content of Immaii blood, plasma, or .serum does not 
ehaiige on standing. 

2. The value of cholesterol esters in human blood, plasma, or serum may 
or may not ehaii'ie on standiii),'. 

3. Cholesterol determinations on whole blood, plasma, or scrum need not 
be performed immediately after tbe blood is drawn. Cholesterol ester deter- 
minations must be made immediately. 

4. The presence of an “esterase activity” prodneiii" an hydrolysis of cho- 
lesterol esters in some specimens and an c.stcrifieation of cholesterol in others 
is confirmed. The nature of this aetivity, and why it is found in some bloods 
and not in others, is being investigated. 
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THE QUANTITATIVE DETERJIINATION OP BLOOD 
IN HUMAN FECES'^ 


John S. ANDiiKWS,! D.Sc., ax'd Jose OiavekJ.'oxxaeez, Ph.D. 
San Juan, Puerto Rico 


introduction 

A lthough there arc many references in medical literature dealing with 
^ problems associated with the detection and clinical significance of occult 
blood in the stomach and intestinal contents of patients suffering from hem- 
orrhage wTithin the gasti'ointestinal tract, there are very few papers approach- 
ing the subject from the standpoint of quantitative measurement. Abrahams' 
and Bramliamii^ reported experiments designed to ascertain the smalle-st quau- 
titj’’ of blood which after ingestion would produce a stool giving a positive 
reaction to tlie benzidine test for occult blood. Later Daniel and Egan,® work- 
iug wdth larger quantities of blood, found that 50 to 80 c.c. of blood must he 
ingested by adults on a milk and cream diet in order to jiroduee a so-called 
“tarry” stool. Although van Eck' published a method for the quantitative 
determination of blood in human £eee.s, careful search of the literature has 
failed to produce any evidence of its practical application in clinical medicine. 
In a recent paper* Andrews and Brooks outlined a procedure for the quantita- 
tive determination of blood in the feces of sheep by means of the Eveljm Photo- 
electric Colorimeter, incorporating the technique of Bing and Baker' for the 
hemoglobin determination. Since w'c were of the opinion that one of the 
more important uses of this method lies in its application to the quantitative 
study of hemorrhage within the human gastrointestinal tract, we carried out 
the following experiments. 


MATERIALS AND aiETHOD.S 

The materials and reagents necessary for the work, as outlined in the 
experiments are as follows : 

1. Blood-free human feces. 

2. 50 c.c. roimd-bottomed heavy glass centrifuge tubes. 

3. Blood of knowni hemoglobin content. 

i. Accurately calibrated pipettes of 1, 2, 4, 5, 10, 15, and 20 c.e. capacity. 

5. Glacial acetic acid. 

6. 50 c.c. volumetric flasks. 

7. 10 c.c. volumetric flasks. 

•From the Department ot Animal Parasitology. Puerto Rico Agricultural Experiment Sta- 
tion Rio Piedras, and the School of Tropical Medicine. San Juan, p. R. 

+NO-W Associate Parasitologist, Zoological Division. B.A.I., United States Department of 
Agriculture, at the Coastal Plain Experiment Station. Tifton, Ga. 

Received for publication. February 7, 1942. 
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8. PuvifuHlbi-'n/AiUne roaj^i’ut oniii't;. 

9 . Test tui)c.s lor tiu; Kvolyn pinttociorlvir colonmcter. 

10. 3 \K'v rcul liydro-'on peroxide. 

11. Paranined eork.s ti> lit. Hio eoUu-invoter tubes. 

12. No. (iliO red filter for the eolormietcr. 



COBl* 


p CEHT\METERS OF BLOOD PER GRAM OF HUMAN FECES 


. s-iss;rs s’s'JS .‘rjsa 

containing 9 Gm. of hemoglobin per 100 c,c. 


PROCEDURE 

We fif.st placed ourselves on a meat-free diet in order that the feces we 
passed would not contain inj^ested blood pigment. To 1 Gm. portions of blood- 
free liumaii feces collected on the third day, artificial mixtures of known amounts 
of calf blood, containin-g 9 Gm. of hemoglobin per 100 c.c. were added, and a 
graph (Fig. 1) relating the quantity of blood to the colorimetric measurement 


*Dis 3 ol\ base in 200 c.c. of 33 per cent ethyl alcohol with the aid of 

gentle heat terial. Add 1 Gm. of blood charcoal (extracted with hydro- 
chloric acid a - filtrate, stir, and maintain at a temperature of 50° ± 10° C. 

for fifteen minutes!*'' Pifter while warm and wash charcoal with y c.c. of warm ethyl alcohol. 
Repeat treatment -with charcoal until filtrate is almost colorless. To nitrate adu c.c, of dis- 
tilled water, or sufficient water to make alcohol 50 to 60 per cent by volume, and warm if 
necessary to obtain a clear solution. Allow solution to stand in the refrigerator for twenty-four 
to forty-eight hours to crystallize the benzidine. Filter on a Buchner funnel with suction, wash 
with cold 50 per cent alcohol, and continue suction until crystals are drj". Preserve in a bottle 
protected from light. 

Prepare the reagent by dissolving with the aid of heat 1 Gm. of purified benzidine in 20 
c.c. of glacial acetic acid. Add 30 c.c. of distilled w’ater and 30 c.c. of 95 per cent ethyl alcohol. 

Test by placing 2 c.c. of the reagent in a test tube, add l c.c. of distilled water and 1 c.c. 
of 0.6 per cent hydrogen peroxide, and mix. No color, or only a very slight yellow color, should 
develop in two hours. If tlie mixture is then diluted to 25 c.c. with 20 per cent acetic acid and 
viewed through a thickness of about 1 cm,, it should be practically indistinguishable from dis- 
tilled water- 



1214 


THE JOUKNAE OE I<A»01{AT01£ V AND CLINICAl. MKUICliNE 


was plotted, as M'as done in the ovigiual pa})ei‘.* The operations necessary for 
obtaining the data for the curve are as follows: 

1. AVeigh thirty-two 1 tlni. portions of blood-free luunan feces on an ana- 
lytical balance and place each portion in a clean, dry, 50 c.c. centrifuge tube. 

2. Make a 1 .-10 dilution of a blood sample of known hemoglobin content 
with distilled water and mix thoroughly. 

3. Number each centrifuge tube and carefully add the required amounts 
of diluted blood to each of the 1 t!m. jmrtions of feces, setting up the tubes 
in triplicate for each point on the curve to be determined. Mix the blood solu- 
tion thoroughly with the feces, using individual ghuss stirring rods, and leave 
the rods in the tubes. Use the remaining two samples as duplicate blanks with 
blood omitted. 

4. Add 10 e.e. of distilled water to the blanks and proportionately less to 
the remaining tubes, so that the total volume of liuid added will be 10 e.e. Mix 
thoroughly'. 

5. Add 15 c.c. of glacial acetic acid to each tube and mix. Heat and remove 
each lube as soon as the contents begin to boil vigorously. Care must be taken 
to prevent the contents from boiling over. (The heating was facilitated by 
putting tubes in wire baskets and placing them on an electric hot plate.) 

6. Push particles adhering to the Avails of the tubes back into the solution, 
remove the stirring rods, and arrange them according to number on the edge 
of a table with the acid-covered ends projecting so that none of the material 
on the rods may' be lost. Centrifuge the tubes at approximately' 2,700 r.p.m. 
for five minutes. 

7. Decant the supernatant fluid into properly numbered 50 c.c. volumetric 
flasks. After transferring the contents of each tube, wash off the decanting 
rod Avith a small amount of glacial acetic acid. 

8. Make three similar extractions, each Avith 10 c.c. of glacial acetic acid, 
and bring the contents of the 50 c.c. volumetric flasks to volume AA'ith glacial 
acetic acid and mix thoroughly. 

9. Put 1 c.c. aliquots from the 50 c.c. A-olumetric flasks into 10 c.c. volu- 
metric fiaslrs, and bring the contents of the 10 c.c. volumetric flasks to A'olurae 
Avith glacial acetic acid and mix. 

10. Put 2 c.c. of the purified benzidine reagent into the bottom of eaeh 
colorimeter tube, and add 1 e.e. aliquots from the 10 e.e. A'olumetric flasks 
and mix. 

11. Add 1 c.c. of a 0.6 jjer cent hy'drogen peroxide solution (3 per eent com- 
mercial solution freshly diluted AA’ith 4 parts of distilled AA’ater) and mix. Close 
Avith paraffined corks and alloAV the tubes to stand for tAvo hours. 

12. Dilute Avith 20 c.c. of a 20 per cent solution of glacial aeetie acid in 
distilled Avater, insert corks, and iiiA’ert the tubes several times to mix the con- 
tents. AIIoav to stand for at least eight miiAutes. 

13. Adjust the colorimeter .so that the blank reads 100 on the galvanometer 
scale AA’heu a No. 660 red filter is used. AVith this adjustment make the color- 
imetric readings on solutions derived from the feces-blood mi.xtui'es, and plot 
the aA'erage readings of the triplicates against the volumes of blood employ’ed. 
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ANi)Hi:wp- 0 i-ivKit-<i 0 N/.At.Ky,: w.<Kn> in i'w'k 

Ar,„ «» ..».i >- ;;;:“ s*;,:!': 

ior makms .l.c .«Vr«n.-o »■»- f" 1,>- ...c.ms 

o£ a s....,..!.., .....i !iiiJ.l>‘ao*l ^ '* *'’ - ^ .i.Ulod lo ti.e I'oocs, 10 
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meld's o£ blood by memus of tbe refcroneo eur\c. 

UV-Sri.TS 

. \ ' e iiio ro(-d soeeiiucns passed subsequent to the 

The results of the analyst ol the p,, lOO e.c. are 

ingestiou of calf’s blood coutamin,p • 

shown in Table T. „ t 

T.V 11 I.B I 

TX r'/vvoi.-Mvl'Cr. a C.M. or UBMOGI.OBIX PEP. 100 C.C. 
Qu-vsiny OF Ixoested H.'-max Kecks 


z 

>; 

1 1 
% -- 
s § 

2 5 

'Z — 

11 , 

¥, 1 
Z 

» 

3 

1^ 


J 

J. 0. G. 

May 23, 
1941 

C.C. 

61 

1 

2 

3 

2 

J. 0. G. 1 
June 3, 
1941 

1 \ 

1 1 
1 0 

3 

■1 

5 

3 

J. S. A. 
June 3, 
1941 

1 65 

1 

2 

3 

4 

4 

J. S. A. 

A,tay 23 
1941 

61 
f { 

J 

2 

3 

li 


O 

*4 


O 

O 

1?. s 


hour 
3:30 P.M.j 

2:30 P.M. 


2:30 P.il, 


hour 

5:00 P.M. 
0:30 A..M. 
2:00 P-AI. 

a -.OO A.W. 

[ 1 :30 P.M. 
9:00 A.M. 
9:00 A.il. 


£ X 
< o 



K 


1 ^ 

-ff s 


g 


^ £ 

U 

o 

O "• 

" o 



25 . 


I'S 

^ S 
%% 

A 

O 

o 

> o 



< z 


a 


o 

5 « 


< o 
o 

O X 


1.0 

IS.O 

46.5 


18.5 
47.0 

66.5 

90.5 


8:30 A.M.I 
9 :30 A.M. 
9:00 A-At. 


3:30p.ai. 


9;00o\.AI.l 
9:00 A.A1. 

9:00 A.lt.l 
Jfo specimen 
, 8:30 A.At.l 110.5 


18.0 

43.0 

66.5 


17.5 

41.5 

65.5 


6m. 


C.C. 

C.C. 

C.C. 

per 





cent 

63 

93 

0.05 

3 



971 

93 

0.05 

49 


So 

244 

100 

0.00 

0 

CM 

\Ci 


— — 







154 

70 

0.17 

26 



20 

76 

0.13 

3 



53 

89 

0.07 

4 


51 

100 

100 

0.00 

0 









136 

89 

0.07 

10 



159 

SO 

0.10 

16 



95 

100 

0.00 

0 

26 

40 

65 

93 

oTo5 

~3 



52 

72 

0.16 

8 



93 

S3 

0.10 

9 



95 

100 

0.00 

0 

20 

33 


The data in. Table 1 show that 33 to 85 per cent of the ingested blood Avas 
recovered from the feces. All the specimens containing any appreciable quan- 
tity of blood Aveve noticeably darker in coloi' than the blood-free feces, but 
none of them in onr opinion could be called ‘tarry.’ In Experiment 1 the 
blood either acted as a purgative or Avas accompanied by some substance Avbicb 
had a similar action. The rapid removal of the blood in this instance re.sulted 
in the recovciy of 85 per cent ivithin eighteen hours after ingestion. The re- 
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maining experiments sliow a progressively smaller percentage of recovery, ami 
in general, indicate a negative correlation between the length of time the blood 
was retained in the digestive tract and the quantity recovered from the feces. 
Bramkamp^ reported that pancreatic digestion in vitro reduced the strength 
of the color reaction between hemoglobin and benzidine by 50 per cent. This 
prolonged action of dige.stive juices plus the increased absorption of the blood 
from the intestine in those instances where the blood was retained in the dige.s- 
tive system for several days would explain the decrease in the apparent quan- 
tity of hemoglobin recovered. 

A practical test of the method was made on the feees of a patient in the 
hospital of the School of Tropical lledicine who was snft’eidng from profuse 
hemorrhage resulting from a condition diagno.sed as ulcerative colitis. The 
results of these te.sts which were made during the time the patient was hn.s- 
pitalized and placed on a bland ulcer diet with i-est in bed are shown in Table 
II. Because of the large amount of blood pigment in the first two fecal .speci- 
mens obtained from this patient, four additional extractions with glacial acetic 
acid wei’C neee.ssary befoi’c all the hemoglobin was removed. In this instance 
the acid extracts were decanted into a lOf) c.c. volumetric flask. The blood 
pigment was so highly concentrated in the extract that if was necessary to u.se a 
fraction of a cubic centimeter of the diluted extract in order to obtain a color 
intensity that could be measured in the colorimeter; hence the multiplying 
factors shown in column 5. 


T.sbi.e 11 


Quantity or Bi.ood Recoveked From tjie Feces or a Patie.vt SerrERi.xo 
From Ulcerative Coi.iti.s 


DATE 

AVEIGHT 

OP 

STOOL 

AVERAGE 

GAIA'AX- 

OMKTER 

READINGS 

BLOOD 

INDI- 

CATED 

Ml’LTI- 

PLYING 

PACTOR 

BLOOD* 
INDICATED 
IN ONE 
GM. OP 

PEGES 

TOTAI* 

BLOOD* 

RECOVERED 


Gm. 


ex. 


r.r. 

C.C. 

lO/lO/iO 

150 

53 

0.275 

10 

4.40 

080 

10/11/40 

No speciiiicii 

1 





10/12/40 

107 

93 


s 

0.40 


10/13/40 

135 

S9 j 


0 

0.07 


10/14/40 

90 

lOS I 


0 

0.00 



•Volume of blood coniruted on the b.nsis of a Gm. of hemoglobin per ino c.c. 


The data in Table II show clearly the severity of the hemorrhage at the 
beginning of treatment and the gradual cessation of the bleeding under proper 
care. 

DISCUSSION 

At first glance the time and teclmical difficulties invoh'ed might make the 
method outlined appear to be impractical. However, ^ve found that once the 
reference curve was made, the routine was so well known that tests on speci- 
mens containing unknown quantities of blood were easily and quickly carried 
out. One and one-half hours would probably be a conservative estimate of the 
time consimiecl in running a test consisting of one blank and triplicate un- 
knowns. This period does not include the time required for color development. 
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Five point.s wore eiii})liii.siy.e(l iis lieiiif^ imporlmit iu the .sueeessfiil eari.\iiif^ 
out of the proeeilure for tlie (piiuititative deteriuiiiation of blood in tlie feces 


of sheep. 'I'hese point.s are ; 

1. Use the same lot of pnrilied l)eny,idine rea'^ent for plotting the refer- 
ence curve and for making the determinations on the unknown in any one 
experimental series. 


2. Always make, determinations on fresh fceal spceimcns. 

3. U.se meticulous care in weighing, pipetting, and diluting operations. 

4. Use fresh glacial acetic acid fecal extracts in making eolorimetrie 
comparisons. 

5. Do not use blanks for reference point.s for any other similar sample 
containing blood unless the two tubes have been diluted at the same time. 


In the application of the method to human feces the observance of these 
measures is pust as important as it was in the previous work. The reader is 
referred to the original paper for further discussion. 


SUMilAUY AND CONCLUSIONS 

A modification of a method for the cpiantitative determination of blood 
in the feces of sheep is described for use with human feces. By its use 33 to 
85 per cent of ingested blood M'as recovered from the feces. A negative cor- 
relation was observed between the percentage recovered and the length of 
time the blood remained in the digestive tract. This decrease in the amount 
of blood recovered was considered to be due to the action of digestive juices 
and to absoiption within the digestive tract. 

The method was tested on the feces of a patient bleeding profusely from 
a condition diagnosed as ulcerative colitis. During the period the patient was 
under treatment, the tests demonstrated the severity of the hemorrhage at the 
lieginning of treatment and the gradual cessation of bleeding during the days 
that followed until no more fecal blood Avas demonstrable. 

The results of the tests indicate that the method described can be used for 
the purpose of estimating the amount of blood passed iu the feces of human 
patients suffering from gastrointestinal hemorrhage. 
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THE ADAPTATION OP MARSHALL’S MICRO SULFONAMIDE ilETHOD 
TO THE PHOTOELECTRIC COLORIMETER* 


John P. Hall, Jk., M.A., Daytox, Ohio 


T he increasing importance of the sulfonamides in tlie treatment of various 
bacterial infections lias resulted in the develoinnent and extensive use of 
several methods for determining these substances in the blood, urine, and body 
tissues. Of these methods those of Marshall, “ and Bratton and Marshall,' are 
perhaps the most extensivelj- used in this countiy. In this report Marshall's 
improved method" has been adapted for use in the determination of sulfa- 
nilamide, sulfapyridine, sulfathiazole, sulfadiazine, and sulfaguanidinef with 
the Eveljm photoelectric colorimeter^ which is a stabilized direct reading single- 
photocell type instrument. 

The introduction by Bratton and Marshall of N-( 1-naphthyl) ethylene- 
diamine dihydrochloride as the coupling reagent to replace the dimethyl alpha- 
naphthylamine, which had been previously employed, has elinunated some of 
the objections to the Marshall method advanced by Andrews and Straus.' 
Sunderman and Pepper' reported a diminution in recovery of sulfathiazole 
from whole blood when using the coupling agent (dimethyl-alpha-naphthylam- 
ine) of Marshall’s original procedure. It is now easily possible to complete a 
determination by Marshall’s method in approximately fifteen minutes, and the 
color produced remains stable for a period of two or more hours. The method 
recently proposed by Churg and Lehr," while equally rapid for the free 
sulfonamide, is somewhat slower for the total determination than the procedure 
presented here. 

The method to be described has proved rapid, simple, and accurate, as evi- 
denced by high percentage recoveries of the various sulfonamides which have 
been added to whole blood (dog and human), and may be used with either 0.2 
or 0.1 c.c. of blood. Certain previous objections or uncertainties of the method, 
such as the length of time required for analysis, instability of color, or incom- 
plete recoveries, are eliminated by the use of Marshall’s more recent coupling 
agent N-( 1-naphthyl) ethylenediamine diliydrochloride and by the use of the 
photoelectric colorimeter. 

Reagents. — 1. A solution of trichloroacetic acid containing 15 Gm. dis- 
solved in water and diluted to 100 e.e. 

2. A 0.1 per cent aqueous solution of sodium nitrite— this reagent should 
preferably be made up at weekly intervals. 

•From the Aero Medical Unit. Army Air Forces, Materiel Center, Wright Field, Dayton. 
tSupplies of these sulfonamides were obtained from Jlerck & Co., Inc., and the Lederie 
Laboratories, Inc. 

Received for publication, March 2. 1942. 
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distilled water. Proteins are precipitatid »>> - suitable ) 

acid, and removed by filtering. (^Ybatman No. 12 has proved si dal e.) 

Blood for 0.1 C.C. Samp?e.s.-Onc-tentb cubic centime er add d 

to 3.9 C.C. of distilled water in a graduated ceutntugo If 

ehloroacetic acid is added for protein precipitation 

minutes. Two cubic centimeter samples of supernatant fluid aie then treated . 
outlined for the free and total sulfonamide determination 

Free Sul/onamidc.-Two cubic centimeter samples of the 
delivered into a colorimeter tube. One-half cubic ^<^^tunete o od mm niti te 

is added After two minutes 0.5 c.c. of the ammonium sulfamate is added. 
If^r Ither two minutes, 0.5 c.c. of NMl-naphthyl) ^tl^ylenediamine dih.^ro 
chloride is added. The solution is then diluted to 10 c.c by addin 6 D ex. of 
distilled water, and the color density is determined m the photoelectric colori- 
meter with a green filter (Corning) No. 540. ^ ^ 

Total Sulfonamide.— Mtev the sample for determination of the tree sulfon- 
amide is removed, the remainder of the blood filtrate is placed m a gradua ed 
centrifuge tube, the volume is observed and 0.4 c.c. of 4N HCl is added. It is 
heated in boiling water for twenty minutes, cooled, and adjusted to original 
volume with distilled water. This dilution precaution must be observed to 
avoid considerable error. Subsequent procedure is identical to that outlined 

above for free determination. 

Calibration Curaes.-Dilutions of a stock solution (200 mg. per liter) were 
prepared in concentrations ranging from 0.5 to 15.0 mg. per 100 c.c. and con- 
taining 18 c c of trichloroacetic acid per 100 c.c. A 0.2 c.c. sample of these re- 
spective stock dilutions was added to 8.1 c.c. of distilled water to which 0.2 c.e. 
of trichloroacetic acid has been added. One-half cubic centimeter of each 
reagent was then added at two-minute intervals. The calibration curves of the 
respective sulfonamides were then determined from the colorimeter readings of 
samples prepared in duplicate as above. 

•These tubes are of especially selected glass and are furnished by the Rubicon Company. 
Phiiadelphia, Pa. from whom the Evelyn photoelectric colorimeter and filters may also be 
obtained. 
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Reagent Blank. — A stock blank is prepared by adding 2.0 c.c. of trichloro- 
acetic acid to 8,0 e.e. of distilled water. A 2.0 c.e, sample is then delivered into 
a colorimeter tube, and 0.5 c.c. of each of the reagents is added at two-minute 
intervals. Six and one-half cubic centimeters of distilled water are added, the 
tube is placed in a eohrimetev and the galvanometer is adjusted to 100, the re- 
agent blank thus serving as the 0.0 mg. per 100 c.c. standard. 


RESULTS 


Calibration curves relating concentration (milligrams) to photoelectric 
density (2 - log G) of tliese sulfonamides wei’e found to be linear from a con- 
centration of 0.5 mg. per .100 e.e, to 10 mg. per 100 c.c. for all the siilfonamide.<i 
tested. Concentrations in excess of 10.0 mg. per 100 e.e. deviate somewhat from 
a straight line, particnlarly in the case of sulfanilamide. The calibration factors 
(K) derived from the respective curves were used in the calculation of the per 
cent recoveries of the various sulfonamides from whole blood. These factors 
were 50.6 for sulfanilamide, 33.5 for snlfapyridine, 36.0 for sulfathiazole, 36.9 
for sulfadiazine, and 39.3 for sulfaguanidine. Standard deviations of these 
factors were 1.2, 1,2, 0.2, 0.2, and 0.2, respectively. 

The percentage error for the 0.2 c.c. procedure in the recoveries from whole 
blood concentrations of 10 mg. per 100 e.e. varied from 0.2 to 2 per cent, and 
from 1 to 2 per cent in recoveries from concentrations of 1 mg. per 100 c.c. This 
probably represents tlie limit of acciu'acy for tlie 0.2 c.c. method as described 
here. The accuracy of the 0.1 c.e. procedure is somewhat Jess. 

Results reported here were calculated by use of the formula : 


Mg. per 100 e.e. 


(2 - log G) 
K 


dilution used 
c.c, of filtrate used 


100 


G is the galvanometer reading and K the calibration factor for the respective sul- 
fonamide. For a 1 :50 blood dilution tlie use of 2 c.e. blood filtrates and the 
twenty-minute hydrolysis period have been found to give satisfactory results. 
Color developed in the blood blank is negligible, since in the 1 :50 dilution of 
blood the correction due to this was found to be about 0.08 mg. per 100 e.e. 
The reagent blank shows no measurable coloi- development subsequent to its e.v- 
posure to ordinary indoor room lighting conditions over a ijeriod of three to four 
hours. If analyses continue beyond this period of time, a fresh blank should 
be prepai’cd if precise results are desired. The color developed as a result of 
the coupling reaction is stable for a period of two ov three hours, after which 
its density slowly alters, and readings wade after longer periods of time ma.y 
be considerably in error. 

DISCUSSION 


The use of calibration curves for the respective sulfonamides seems de- 
sirable, since they are linear over the range of 0.5 to 10 mg. per 100 c.c. and 
quite reproducible. Their use avoids any uncertainty tliat arises from the em- 
plojmient of a standard whose color density, as mentioned above, is slowly alter- 
ing, The green filter recommended (Corning No. 540) may be used for all the 
sulfonamides reported, since the wave length of the maximum absorption for 
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• 1 iiiiiiii fniiml hv Foiiisloiu! iiud iis-sociiitcs’ to lie 

the respcetivc coiupoiuuls has toiuui oj > i- n i • 

;I:Zly ulentiei As pointed out by Bndtou and Maesi.alB he tuothod .s 
extromclv sensitive, and eoneentrations of 1 /*K can be easiij detected. 

Diaxotization with tlie nitrite and deslnn-tion of the excess nitrde by the 
aannonium sulfa.nate are rapid reactions, l.oth l)ein-' complete wdlun thirty to 
sixty seconds. Formation of the a/o dye by the couplin- reaction is slower and 
the two-minute interval recommended must be obsersed foi lepiot nci i e lesu s. 
Complete analyses for the free dm- reipiiro twelve to fifteen minutes, while the 

total sulfonamide determination may be completed in tliiil> -five to oi j mniu es. 

N-(l-naphtliyl) ethylenediamine dihydrocliloridc as the couplni- agent 
possesses several distinct advantages, some of which have jnev ioiislv been ponite 
out by Bratton and :\Iarsball. One of these is its speed, the iiiethod reported 
here being eipially as rapid as that suggested by Andrews and Straus,* or Uiurg 
and Lehr." The procedure iiroposcd by the latter workers re([nircs also tiic ini- 
(lesirablc use of an em]iirical factor to correct for a decrease in the color intensity 
due to the additions of hydrochloric acid in the total sulfonamide determination. 
No difficulty in seeiiring satisfactory recoveries of sulfatbiazole added to whole 
blood has been experienced. The ncccs.sity, thereiore, for eentiifiiging the pio- 
tein precipitate as Sundermaii and Pcppei” reported, has been removed. 

It is important in all procedures to olxserve the time inteival between the 
addition of the various reagents and also to agitate slightly the solution during 
the various stops. Unlc.ss thc.se precautions arc observed in the piepaiation of 
blanks or samples, turbidities may result, or improper unstable colors may de- 
velop. 


SCMJIAKY 


1. An adaptation of Bratton and ^larshall s method foi the deteimination 
of sulfonamides in 0.2 and 0.1 c.c. blood samples is desciibed foi use with the 
photoelectric colorimeter. 

2. Calibration curves obtained with the Evelyn photoelectric colorimeter 
over a 0.5 to 15 mg. per 100 c.c. range of concentration has been determined for 
sulfanilamide, sulfapyridine, sulfatbiazole, sulfadiazine, and sulfaguanidine. 
The calibration factors (K) and standard deviations of these curves are pre- 
sented. 

3. The per cent error in the recoveries of these various sulfonamides as de- 
termined in concentrations of 1 and 10 mg. per 100 c.c. varied from 0.2 to 2.0 
per cent. 

4. The method as presented here is simple, sensitive, relatively rapid, and 
gh'es precise reproducible results over a range of concentrations varying from 
0.5 to 15.0 mg. per 100 c.c. 

I wish to express my appreciation to Dr. J. AV. Heim for. helpful criticism and suggestion. 
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A CLINICAL JIICEOJIETHOD FOB THE DETERMINATION OF 

BLOOD UEBA* 


Joseph C. Bock, Ch.E., Ph.D., JIilwaukee, Wis. 


T he diagnostician realizes that functional disturbances may be the first 
indication of anatomic changes. A deviation from normal nonprotein nitro- 
gen of the blood is often a sign of a metabolic disturbance, if not an indication 
of a change to a definite pathologic stage. The study of the total nonprotein 
nitrogen or of urea nitrogen in the blood, although of diagnostic value in a 
number of disturbances, is most important when confronted with the problems 
of renal dysfunction. 

The determination of the total nonprotein nitrogen of the blood, while 
most frequently employed, has several disadvantages. The method requires a 
well-equipped laboratory and a technician with good training. The nonprotein 
nitrogen fraction of the blood contains about 25 per cent of undetermined or 
rest nitrogen, made np of iiiti’ogenous substances of praetieallj^ unknown 
metabolic significance, especially under pathologic conditions. The relative 
increase in nrea nitrogen is greater than the nonprotein nitrogen ri;Se when 
dealing Avith certain renal disturbances. It must be kept in mind that urea is 
largely a waste product, Avhereas the undetermined nitrogen is anabolic. We 
believe, therefore, that the variations in urea alone serve as a better diagnostic 
guide than the nonprotein nitivgen. 

A recently published procedui-e* for the determination of urea nitrogen 
has been modified to give the physician a method AA'Iiich does not require a 
laboratory, and at the same time is accurate enough to satisfy his diagnostic 
needs. 

The enzyme urease converts urea into ammonmm carbonate. The addition 
of the alliali sodium carbonate liberates ammonia, Avhieh is absorbed in the 
present method through “passiAm distillation” in hydrochloric acid. 

The apparatus consists of a cylindifical vessel and a small glass cup fused 
to a rod. The cup and rod are attached to a coiIc Avhieh is inserted into the 
cylinder (Fig. 1). 

•From the Department of Biochemistrj'. Marquette University School of Medicine, 
Milwaukee. 

Beceived for pubJication, March 2fi, 19-i2. 
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The procedure is ;is follows: O.l ml. of blood from the car lobe or 
tip is measured into the cup. One urease tablet, eontainiu^ both urease aud 
the uceessarv bvitl’er salts, is crushed, aud ouc-thivd to ouc-half of this powder 
is added to the blood contained in the eup. Blood and urease arc mi.xcd by 
gentle agitation, care being taken to avoid any lifiuid spilling over the rim ot 
the eup. The stopper with the cup is inscrte<l into the vessel and is allowed 
to stand for about one hour at room temperature. The eup assembly is then 




removed, and 1 ml. of approximately tenth-normal hydrochloric acid is care- 
fully measured into the cylinder. Three drops of a concentrated solution of 
sodium carbonate are added to the blood in the cup, and the stopper is quickly 
inserted, to avoid any possible loss of ammonia. The vessel is gently agitated 
by a rotary motion, to mix the contents of the cup. The apparatus is allowed 
to stand (at room temperature) for about eight hours, or stUl better overnight 
The stopper with the cup is then removed, 3 ml. of water are added to the fluid 
in the cylmder and the contents are mixed by rotation. One millfliter of 
Nessler reagent (Bock-Benedict modification^) is added, the solutions are mLxed 
again and allowed to stand for eight to ten minutes. This is neeessarv for foil 
.kvclopment of th. o.loo, Tho liquid is truustored to a touall tubs iioh“ 
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inrn is izisGi-ted into the holder of a Taidor® slide comparator (Fig. 2). The 
movable slide of the instrument lias a set of tubes containing permanent stand- 
ards, the colored tubes being iiitarspevsed by tubes containing water. The 
slide is moved back and forth until tlie unknown is flanked by those two 
standard tubes whieli match the elo.se.st. TJie standards are permanent, con- 
sisting of a mixture of ferric and eobaiiou.s chloride izi acid .solution and ar- 
ranged to give a direct reading in milligrams per 100 c.c, of blood, ranging 
from 10 mg. to 100 mg. of nitrogen. 

The color standards arc made as follow-s: 

FeC!. -OH.O ; ICO Oni. in 1,000 im;., m-iii" 1 per ('('ll! (In- n-cijjlit) livilroclilorie iiciil .s.'s 
solvent. 

CoCL-OHjO : 100 Gin. in 1,001) c.i-., 1 per cent (In- neigiit) liydrocliloru: as 

.solvent. 
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ALCOHOL, The Perchlorate Method for Determining Concentration of, in Expired Air, 

JeUer, W. \V., and Portester, G. C. Arch. VatU. 32; S2U, 19 il. 

A critical evaluiilioii of the perciilorate lueliiod for tlie deterniiiiatiou of breath 
alcohol has been made, and the following data have been presented; \\ hen the test is 
properly made, there is no loss of alcohol or of carbon dioxide before the breath reaches 
the absorption tubes; reducing substances in the breath other than alcohol are negligible 
in their effect; the presence of acidosis or alkalosis in the test subject materially affects 
results, but these conditions may be controlled or eliniinatcd by proper precautionary 
measures. 

In a series of 79 cases in which breath and direct blood analyses were made, the 
deviation did not exceed Id per cent in any instance. 

In view of the simplicity of operation and the ease with which the instrument can 
he transported, this method is well adapted for use by law enforcement agencies. 

-AMYLOIDOSIS, Standardization of the Congo Red Test for, Taran, A., and Eckstein, A. 

Am. J. M. Sc. 203: 246, 1942. 

A standardized method for tiie Congo red test for amyloidosis is presented. 

The dye is administered according to body weight. It was found that 1 c.c. of a 1 per 
cent aqueous solution of the dye per 10 pounds of body weight yielded more accurate te.its 
than the fixed amount customarily used. 

Tests were performed on amyloid and nonamyioid patients, using both the usual tech- 
nique of injecting 10 c.c. of dy'e regardless of body weiglit and the standardized method. 

In one nonamyloid group patients were selected whose body weights were nearlv the same 
(range between 95 and 105 pounds) and in the other those whose body weiglits varied con- 
siderably (range between 50 and 175 pounds). The former group showed consistently reliable 
four-minute specimens, while the latter gave four-minute specimens which differed as much as 
75 per cent. In some cases the per cent absorption could not be computed because of in- 
sufficient dye in the four-minute specimens. 

In the amyloid group 90 to 100 per cent absorption was a consistent finding. This is 
in so close correlation with previous work that such results mnst be obtained to indicate 
amyloidosis. In all but 11 cases tlie four-minute specimens contained sufficient dye to be con- 
sidered as appropriate standards. 

These 11 cases were investigated further along with 24 of the other amyloid cases, and 
it was found expedient to draw a two-minute specimen in addition to the four-minute and one- 
hour specimens. A group of 60 nonamyloid cases was chosen as controls. In all of the 
amyloid cases, the two-minute specimens showed good color intensity and the differences in 
color between them and the four-minute specimens were marked (as high as 75 per cent) 
There were only slight differences in color intensity between the two-minute and four-minute 
specimens in the nonamyloid group, the highest per cent variation being 15. 

The two-minute specimen was adopted as the eolorimetrie standard in place of the four- 
minute specimen. 

Since the inception of this study 21 of the 42 amyloid patients have come to autonsv 
and each revealed amyloidosis of greater or lesser degree. Twenty of the nonamvloid patients 
have come to autopsy and only one case revealed a moderate degree of amyloidosis 

diannluoS"^''™'' test as a 
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Tlie authors’ method follows: 

Inject 1 e.c. of a 1 per cent aqueous solution of Congo red per 10 pounds of body weight 
intravenously. At the end of exactly four minutes, and then one hour, after the injection, 
obtain blood .specimens of 10 e.c. each and place them into clean, dry test tubes. Allow the 
bloods to clot and retract and then centrifuge tliem at a moderate speed for ten minutes. 
Aspirate off the clear sera and place them into graduated centrifuge tubes. Add acetone 
equal to the volume of serum in each tube and shake them well. Centrifuge tubes for ten 
minutes at a moderate speed. Pour off the supernatant fluids and place them into raicro_ 
cups of a colorimeter to be compared. Set the four-minute specimen at 20 mm. and read the 
one-hour specimen. 

Calculation : 


100 - 


Reading of four-minute specimen 
Reading of one-hour specimen 


X 100 


Per cent absorption. 


For example: The four-minute .specimen i.s set at 20 mm. in the colorimeter. The one- 
hour specimen reads 25. Therefore, the per cent absorption of the dye is 20. 


COAGtJXATION, Blood, Simple Method of Timing, Knauer, C. H. .T. Afed. Soc. N'ew Jersey 

39: 75, 1942. 

An ordinary hypodermic syringe with a sliglitly larger-sized needle tlian ordinary is 
used. If necessary, the small diameter needle will serve. Blood is withdrawn from the median 
basilic or some other prominent vein. A few bubbles of air are drawn into syringe, and it 
is allowed to rest on its side for three minutes, after which time it is tilted slowly from end 
to end so as to permit the bubbles with their interspaces of blood to travel slowly from one 
end of the barrel to the other at one-quarter minute intervals. It is soon found that the 
rapidity with which tlic.^e bubbles travel the length of the syringe becomes diminished with 
the formation of the clot and that one-half to three-quarters minute transpires between the 
onset of the clot formation and the actual completion of the process wliioh is noted by the 
almost immobility of the bubbles. 

RHEUMATIC FEVER, Formol-Gel Test in, Butterworth, J. S., and Poindexter, C. A. 

Am. J. M. Sc. 203: 27S, 1942. 

The formol-gel test is essentially a test for hyperglobulinemia and has no correlation 
with the erythrocyte sedimentation rate. 

It is of little or no value in the diagnosis of acute rheumatic fever with or without 
carditis. 

HVPOPROTHEOMBINEMIA in Pernicious Anemia, Warner, E. D., and Owen, C. A. Am. 

J. M. Sc. 203: 187, 1942. 

Patients vrith Addisonian pernicious anemia in relapse usually show considerable de- 
crease in plasma prothrombin. In the majority of such cases the prothrombin level is found 
to be between 40 per cent and 03 per cent of the normal. The hypoprothronibinemia is not 
rectified by large doses of vitamin K. When specific liver therapy is instituted, the plasma 
prothrombin level promptly shows a marked rise. 

PROTHROMBIN DEFICIENCY, Effect of Vitamin K Therapy on the Plasma Prothrombin 

Bevel of Patients With, Rhoads, J. E,, and Norris, R. P. Bull. Ayer Clin. Lab., 

Pennsylvania Hosp. 3: 339, 1941. 

The administration of an excess of 2 methyl- 1,4-naphthoquinone to surgical patients 
without hypoprothrombinemia lesulted in a slight shortening of the prothrombin time, as 
determined by the Quick method and a modification thereof. 



AUSTll.VCTS 


1227 


This <lilTi.-ri'nco. is not ri'unnlod as sij-nituaint in thu nuiiiluT of cus.'s studied, in vie'v of 
the variations observed ainnu!; tlie eontrols; it is less than tlie diitereiiee Is-tweeii normal con- 
trols and the plasma of parturient motliers, ol>s.‘rved by Norris and Itush, and much less than 
was ob^ervod in some of their patients. 

It is also of iutere.'l that six days of therapy yielded no better result tliail did two dajs 
of therapy. 

Tlie results indieate, therefore, that the supply of vitamin K is not an important limiting 
factor in determining the |)rothrombin level under normal conditions. 

There i.> notliing in the result.s of the .-tiidy to suggest that the administration of vitamin 
K would Isj valuable in the prevention of hemorrhage in patients who do not have hypopro- 
thrombiuomia, nor that it would be dangerous to give the vitamin in considerable excess to 
patients whose prothrombin levels were already normal. 

The method of study is not sulliciently accurate to establish satisfactorily or to exclude 
a mats action effect of vitamin K on the production of prothrombin. 

PSOTHEOMBIN, Comparison of Bilirubin Values and, in the Xlmhilical Artery and Vein 
at Delivery, Norris, B. F., and Bennett, M. C. Hull. Ayer Clin. Lull., Pcnn.sylvania 
Hosp. 3: 3.a3, 1941. 

The average bilirubin content of fetal blood exceeds that of maternal blood at 
delivery. In individual infants there is a marked variation in the degree of hyperbili- 
rubinemia, whieh is independent of tlie amount of bilirubinemia in their respective mothers. 
There is no evidence tliat bilirubin diffu!-es in either direction through the placenta. 
No relationship is demonstrated between the uinount of serum bilirubin and the 
plasma prothrombin in individual infants. 


SHOCBi, The Vascular and Cellular Dynamics of, Moon, V. H. Am. J. M. Sc. 203: 1, 1942. 


An analysis of tlie sources for disagreement concerning the dynamics of shock in- 
dicates that four major causes have operated to confu.'^e interpretations of its phenomena 
and of their interrelationships. 

The first of these was deficient knowledge of capillary reactions and of circulatory dis- 
turbances originating in them. A comprehension of tliese has contributed immeasurably to an 
understanding of shock resulting from trauma, bums, and other types of tissue damage. It 
clarifies also the disturbances of fluid balance and of chemical concentrations wliich are as- 
sociated regularly with this condition. 

Failure to distinguisli between shock and hemorrhage has caused much confusion. 
Hemorrhage, when present, is a potent contributory factor, but the effects of uncomplicated 
hemorrhages present numerous features opposite in character from those wliich constitute the 
syndrome of shock. 


Variations in blood pressure used as a criterion, and failure to con.sider the depressor 
effects of both anesthesia and losses of blood, have led to undependable conclusions con- 
cerning the effects of absorption. Varied forms of experimentation have shown that products 
derived from normal tissues, independent of narcosis and hemorrhage, will produce the syn- 
drome of shock accompanied by its characteristic physiologic and morphologic features. 


Hemoconcentration during life, and the presence of engorged capillaries, stasis, petechiae 
and edema after death, indieate endothelial damage as a major factor. The occurrence of 
these conditions in extensive visceral areas remote from the injury indicates systemic not local 
endothelial damage. Shock, like otlier conditions of disease, is accompanied by a pattern of 
morphologic changes which are related etioiogieally to its mechanism of origin and whieh 
corroborate tlie interpretation of shock as due to endothelial dama<»e. 


The major causes for disagreement concerning shock have been discussed 
the character and magnitude of these, it is not strange that final clarification of 
has been delayed. 


In view of 
the problem 



REVIEWS 


Books and Monographs for Beviow should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Bieltmond, Va. 


Lymphatics, Lymph, and Lymphoid Tissue'-- 

A COAIPREHENSIVE authoritative volume, this book covers the origin, nature, anil 

function of the elements indicated in the title. 

As the writers bring out, study of the physiology of lymph carries us nearer to a 
study of the life jiroeesses of the tissue cells. Lymph circulates from the blood vessels into 
the tissue spaces surrounding the cells and out again through the lymphatics into the blood 
vessels. It is this fluid that is of utmost importance in the maintenance of vital cellular 
equilibrium. Considerable space is necessarily given to the phoiiomena of capillary per- 
meability, and there is an associated discussion of wafer balance and electrolyte metabolism. 
Clinical implications are adequately- discussed. 

This volume sliould bo of interest to physiologists and, on the clinical side, especially 
to surgeons, intornists, allergists, and dermatoJogists. 

Photomicrography t 

A HANDBOOK wiiich adequately covers the entire fleld of photomicrography, the first 
** portion of Photomicrography deals with the physics of photography, especially as applied 
to the use of the microscope with photographic cameras. The major portion of the book- 
deals with equipment and its use. This extends from simple homemade equipment, through 
the use of candid camera attachments, such as the Leica and Coutax, up to complicated 
apparatus of highest precision, including the electron microscope.- Fifty- pages are given 
to darkroom technique, developing and printing, and there is an abundance of formulas for 
developing solutions. In this way- the book is complete, req\iiring little or no reference to 
other volumes. It is abundantly and very- well illustrated. 

Biological Symposia^ 

' j 'HIS volume is devoted entirely- to the structure and experimental jjhy-siology- of muscle. 

It contains sixteen essays by- various authors. One is likely- to And the answer to what- 
ever one would ivish to know concerning muscle phy-siology-, somewhere in this volume. 
Unfortunately there is no index. Also, the binding does not indicate the subject matter. 
Although the book is devoted to one subject, muscle, one must look inside to discov-er this. 

Subjects discussed include muscle excitability, action, potentials and conduction, 
activity around the neuromuscular junction, regulation of energy exchange, changes during 
muscle contraction, the significance of oxidation, efferent innor\’ation, electrolyte equilib- 
rium in muscle, and electric potential changes accoinpany-iug neuromuscular transniissiou. 
Both smooth and striated muscle are covered. 

*L/j-rapliatics. Lymph, and Lymphoid Tissue. Their Pliysiolosical and Clinical Sisnifleance 
(Harvard University Monograph in Medicine and Public Health, No. 2). By Cecil Kent Drinker. 
M.D., D.Se.. Professor of Physiology, School of Public Healtli, Harvard University; and 
Joseph Mendel Yoffey, M.Sc.. M.D., P,R.c.S. (Eng.), Senior Lecturer in Anatomy. University 
College of South AVales and Monmouthshire, Canliff, Wales. Cloth. 400 pages, ?4.00. Harvard 
University Press, Cambridge, Mass., 1941. 

tPhotomiorograpIiy. By K. M. Alien. Clotli, 303 pages, ?5.50. D. Van Nostrand Com- 
pany, New York, 1041. 

JBioIogical Symposia — ^A Series of Volumes Devoted to Current Symposia in the Field 
of Biology. Edited by, Jaquos Cattell, Editor of The American Naturalist and American Men 
of Science. Volume IH. Muscle. Clotli, 370 pages. The Jaques Cattell Press. Lancaster, Pa., 
1941. 
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A Manual of Ncurolnstologic Technique- 


'T'lllS Miiixll voluiuo pri'M'nts motlioils nf iirt'piirHtitm ami slainin^' of norvo tisHiio for micro- 
1 .-ropie Mmly. In it ti.c auliior iias coiicclmi tin* l.cHt lcciiui(pics from s.mltcrc(i placc.s in 
tUo Utcratnrc ami sivcs Uis own critical cxpcricncca xvitli tlicm. Tiiin «imulil nmito, ii Immly 
reference volume for pallioioj;ists timi neuronnatomi.-xta.' 


An Introduction to Dermatology! 

P iilMAiUI.V a con.icn^alion of tiie inrpicr liook /h'.ini.sr.i of (hr Sh'iii l>y llic stimc aiitliors, 
the fnurtli edition of tiic i)ooU is Imscd on tlic tcntii edition of liic iiirner volume. Kven 
the introduction is larcc enoiiKli, coveriu}; i«W pnucs. U is aimndnntiy ami weii iiinstriilcd, 
and constittitcs an adeipitite dermatoio^'ie reference liook for ail who are not primal iiy derma- 
tolojjists. 

Chemical Solutionsi 

TX THIS liook the antlior has collected in one place the methods for tlie preiiaration of tin; 
f .solutions most commonly used in tlie average chemical lalioratory, .sncli as orjianic, liio- 
ehemislry, fond chemistry, mctallurfiy and mctallonraphy, liacteriolo^y, "as and fuel analysis, 
general testing, and water analysis. T’he solutions are listed alphabetically according to their 
most eomiuoii namet when a reagent is known by several names, tiu'se names are also im-iuded 
in their proper place in the alphabetical tabulation witli proper cross references. Additional 
valuable inforuuvtiou is also given, such as, (a) the uses of each solution; (b) the, procedure 
for use where tliis is practicable; (c) interfering suiistanees; (d) sensitivit.Y of tlio lest 
reagent; and (e) general keeping qualitie.s. One or more reference is ineluded for each .solu- 
tion, wherever advisable. A valuable feature is an index in which the various rcagent.s arc 
classified aceording to their use. .Ml descriptions arc concise and to tlie point, and unnecessary 
detail is eliminated. It is the opinion of the reviewers tlmt this book should prove it most 
valuable adjunct to any chemicttl library. 


Chromatographic Adsorption Analysis§ 


\ GOOD technique sometimes renders more service to science than the elaboration of highly 
theoretical .speculations.” With this iirtroduction from the writings of Claude Bernard, 
Dr. Strain in this book. Volume II of the series of monographs on Chemical Analysi.s by the 
same publisliers, has compiled in a single volume practical information on chromatography 
from widely scattered sources. The remarkable influence of this teclinique on the progress 
of many chemical investigations of varied nature, particularly in tlie field of biological com- 
pounds, makes such a book highly desirable. The technique of separation of many types of 
compounds, organic and inorganic, colorless as well as colored, by adsorption on T.swett 
columns is described. Many diagrams of apparatus are presented. Various absorbents, their 
applications, limitations, availability, and choice for certain types of compounds, as well as 
various methods for filling the columns, are discussed. Selection of solvents and eluents 
and the many factors influencing their usefulness are presented in detail. The usefulness of 
the volume is greatly enhanced by the inclusion of an extensive bibliography, xvitli titles 
from which one can readily find literature pertaining to particular problems, as xveil as a very 
good author and subject index xvhich indexes bibliography as well as text. It is a useful 


,, ‘-A- Manual of Neurohistologic Technique. By Oscar A. Turner, M.D.. New Haven Cnnn 
Cloth, 73 pages. The C. V. Mosby Company. St. Louis, Mo., 1940. riaxen, conn. 

tAh I’xtroduction to Dermatology. By B.ichard D. Sutton, M.D.. ScD I.T.D tprc: 

C^V^MoVy gimSny®'^St°‘l^uis!‘^Ma?"i 04 L illustrations, ^h^;; 

«i '7T: By Frank Welcher, Assistant Professor of Chemistrv jha 

$1.75, D. Van Nostrancl Company, Inc., Kew York, N. Y., 1942. stry. 404 pages, 

Of lVa\wS.” oa^es^^lf ‘^^™"5ie Institution 

Piece. ?3.75. Interscience Pubiishl^s. Ine , New VrI! n! yf,' colored frontts- 
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practical book for the chemical investigator, and its readable stylo also makes it valuable 
for others who would like to know more about the technique involved in chromatographic 
adsorption analysis. 

Analytical Chemistry of Industrial Poisons, Hazards and Solvents"^ 

•^HIS is an e.xhaustivc text dealing with the detection of substances important from the 
* standpoint of industrial health. Thorough discussion is made of air sampling, measure- 
ment of gas volume and quantity, absorbers and absorbent.s, the cliemical and microscopic 
estimation of dust. Then follows specific and detailed description of tiie detection of .'ilica, 
the dangerous metals, poisonous compounds of sulfur, and the halogens. The gases, carbon 
monoxide, carbon dioxide, hydrocyanic, and cyanogen, are subsequently taken up and then 
a consideration of the various solvents, including the alcohols and glycols. The autlior closes 
his text on the very timely topic of the chemical warfare agents. Brief mention is made 
in. each instance on the toxicity and physiologic activity of the materials under consideration. 
This is an outstanding text whicli will prove nio.st beneficial to all interc.stcd in industrial 
health. It is most heartily recommended. 

H. B. 


•The Analytical Chemistry of Industrial Poisons, Hazards and Solvents. By M. B. 
Tarobs Food. Druff and Insect Administration. United States Department of Agriculture. 1927 : 
r-hemist Department of Health New York City, 1928 ; formerly Dt. U. S. Chemical IVar/are 
Seiwice Reserve. 110 illustrations, S61 pages. Interscience Publishers. Inc.. Now York, 1911. 
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nE5LVT01.00IC VALUES FOR KOKIIAL HEALTHY MEN 
16 TO 25 YEARS OP ALE 


CHB.STOPHE6 J. PH.D., ^>=0 3US H.X6 A«, JLS, 

HON-OLULU, T. li. 


•for ti,e ciuantity of liemoglobm and 

concerned Avrth. the normal oi mean OnW h relativelv small 

the „u„ber oV'\“”“te::'LASrt^rT;ai°eflo: o^^ele- 

ZfrTt"r:;:rtrcoa:Lcd »H.K .he re.uUs ot .o^plcte hen.a.„K.^e 
ments. ine present imk. in the literature of similar complete 

examinations of healthy men. Reports in xne ^ 

hematologic studies for men have not come to our attention. 

Reviews including normal values for all blood elements for adult are 
lacking though reviews of the studies of normal values of some individual 
blood elements are found in the literature, hlyers and Eddy/ and Nelson and 
Stoker/ have reviewed the literature on normal values for hemoglobin of me , 
while the latter, Andresen and Mugrage/ and Mugrage and ^^iresen have 
reviewed the literature on normal numbers of red blood cells. The last-named 
authors have also presented a consideration of the values for the various cor- 
puscular constants. Gan-ey and Bryan/ 0.sgood/ and Osgood and co-workers^* 
have reviewed the literature on leucocyte values, while OleP has reviewed 
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Table 1 

Mean Values eok Hemoglobin, Red Blood Cells, Cell Volume, and Cobi-usculau Constants Reported for Men 


1232 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


“ ai . ^ 

Sl|2§|o3| 

-5 0 0 ^ w ^ ^o 

W 

b«.0 00*000 

l>. O 

to ci Cl -j? CO CO 

CO CO CO CO CO CO CO 

!3 § 2 . 9 6 m' 

•2 1 1 2 2 o 5 

w ^ ^ 

O o ^ 3 £5 

Cl o o o o o 

o uo ^ o ^ ^A': 

o o iA o o o o 

CO Cl CO CO CO CO CO 

^ IT? — » ^ A 

5 D < ^ t? 

2 a 3 s o 9 

« g o 0^3 

Cl o oo <^22 

Ci O U3 o Cl o p 

1.0 b^ O lO O 01 w 

CO 00 Ci cs CO C5 ci 

Q W ^ 

W 2 g g 1; 

2 S ic-M 
g-g o 

•I^OOOCi t'- ooo to top 

■p uo to -oj b^ to to p w n to w 

o -1? -jj O O O CO O CO 

H 'O’ O’O’ 

• O Jj ^ A "S' 

aHj:a2£!«9 

S' cj 3 

CO O O Ci to to O O to O rH CO O O Cl CO b- Cl Cl rH tO tO 

ppppcococip OOb^tOCI 

to rp to to U3 UO to to tO -O’ UO tO tO tO tO tO tO tO tO tO 

• 9 S' 

2iPsi 

^ 23 _ _ _ 

r0C0f-<CDb^OC0O ■0<C0U5OO C3CO«^r-<C0-^’'*-<C^<^tO.p 

00 Cl b; !■*» oq p P P CO Cl to Cl CD rq p P p p ® * 

to to tD to to to to to to* oJ r4 LO CD tO O to* to* CD* to -jl to CD CD w 

r-lr- r-irH?— jr-lf-l r-*r^r-{r-ICOr-(r^p~»r'$»^^ 

METHOD OK IIB. 
DETEKMINATIONS 

3ia>— 05 — .*-*S 05 — < 

£5 snsa s ns nsnJc 

*r3 “O o *r3 D ‘d s »3 *3 c 

•3 'alg-l '2 !? 

S §?=;,§ -P'P'2 

^ s ^ >%*3 a s 2 ri X’X‘ S 

CQO^tDg^gcoo 0:2 8 8 § 5f 4,^5^5 32 

SsowgtcS-^ ©S25£,arSSDi:55 S^g 

a a .y 01 jy 05 ,a oj 'n 3 3 — P P os a 3 a ^ nr 

>>?:oS;o>o :?»>-> fe:t5o;=^a>> >>« 


< 


o o oo o 

CO up CO CO cp 

O O o CO 

t-i CO 1 “^ r-{ 


fij 

u 

S) 


OOU5^-O00U5O 
S'! f-H CO O rH rf C5 


O 

r-* 

O W O 

Cl r-i OJ 


D 

5; 


» 

o 




o 


c 


O 


tl 

c5 


C 

» '53 


•- 'T^ ir» ‘r". 


C3 cJO 

§ ^ s 

W^!2; 


C3 

^ fc, S3 
o O ^2 

OO 


13 


1-0 000»*HCMC>JCOCOCO'^-!J< 
tMOldCOCOCOCOCOCOCOCOCO 


lA U3 U5 O 

•Jf OJ CD r-i 03 


o CO CO b- C5 

J J ri fH r-i r-t 


-lODiOWOr-IOOp 
^ rH »0 U5 b- W to DJ N 


g g||3 g 2 

ss 2 cj ? 

ci O S 3 o ri 



rt 

D 

> 

'3 

3 

0 

« 

5 

00 

«31 


CO 

Cl 

Cl 

rH 

r-< 


rt4 rJ< LO lO ID CD b^ 
CO CO CO CO CO CO CO 
a o Cl a a Ci 


CCS 

b3 

> 

M 

cfi 

» 

O 


03 


Cl 

rt 


*• m 

3 c « 

3 c2 


« 2* » 


34^^ 00 

<5^ §=> 

5 ^ tjD 
=^-3 S.^ 
«r « ja t4 

.3 ?2n 

o a'^ 
® a c3 a 
„ >-! 3 t, CJ 

3 ^ 5 o -I 

'I’sS-S I 

fSW ia6?^!36o?:fc(:coW w 


'X !-3 o 
"rf 2 ^ 
2 


fi § s 

r-5 o 


ils 

O -H 


* r3 
" C3 


»§ o 

’TJ 


^ 3 2 

® ^ ^ ^ 


Zi r4 

*r< 

o 

I 

Ki o ^ 
o t* 

fcO.S 

w 


S a? ^ 

a^ a’' 

lir 

T 5 'i' 

* o » 


>-t *H 03 

;§;§p2§|g 

??OcoA<<3!2; 


r3 

3 

3 


tJO 

3 


111 


}IA.M1!K-AU 


HK.MATOl.OfilC VAIAnxS FOK IIKAI/I’IIY MKN' 


123:5 



•Cell volume for 153 men 30 to 30 yeiirs of uge. 

■fConscripts. 

fStudents. 





































1234 


THE JOURNAL OF L-UJOBATOBi' AND CLINIC.VL AIEDICINE 


studies of noi’Dial values for platelets. The results of studies of normal values 
for the various blood elements for men in the literature available to us are 
summarized in Tables I and II for the purpose of comparison with the results 
of investigations of mean blood values presented here. 

SUBJECTS EXA3IINED 

The 137 men examined in this study were all universitj' students, ranging 
in age from 16 to 25 years. Ail had resided in the Hawaiian Islands for at 
least two years, and the greater number of them were born there and had lived 
continuously in the Islands. The individuals were all of average good health, 
and none had had recent illness. They were of different racial groups, the 
number of persons in each age group, and as well the number in each racial 
group, are indicated in Tables III and IV. Honolulu is situated on the sea- 
shore, and the homes of its residents range from sea level to an altitude of 
approximately 1,000 feet. 

METHODS OF STUDY 

All blood samples of the subjects examined were of capillary blood, ob- 
tained from a deep puncture of the finger made \vith a sliarp spring lancet, 
only the freely flowing blood being used. The hemglobin estimations for 31 
men were made by the acid hematin method, employing a Bausch & Lomb 
colorimeter equipped rvith a standard hemoglohiii color dislv. The color disk 
was cheeked for accuracy during the course of tire study. The remaining 
hemoglobin estimations were made udth a Klett-Summerson photoelectric 
colorimeter employing the acid hematin method, the coloi’imeter being checked 
and standardized against the Van Slyke oxygen capacity method of hemoglobin 
determination. 

Enumerations of erythrocytes, leucocytes, and platelets were made by the 
use of Thoma pipettes and Levy counting chambers, certified for accuracy by 
the United States Bureau of Standards. Hayem's solution and Tuerk’s solu- 
tion were used in diluting the blood samples for red and white blood cell counts 
made in the usual manner. The solution of Rees and Ecker was used for dilu- 
tion of blood samples for platelets, the counts being made by the direct method. 
The volume of packed red blood cells was determined by the use of capillary 
hematocrit pipettes according to the method described by one of us (C. J. 
and calculations of the corpuscular constants were made by the use of the 
formulas suggested by Wintrobe.^ Differential leucocyte counts were made 
from blood smears stained with Wright’s stain and counter-stained noth Giemsa. 
Counts wei-e made from three smeai-s for each person, the average for the three 
counts being- taken as the differential count for the person. 

The data obtained in this study were submitted to statistical analysis, and 
mean values were determined for each blood element for each age group and 
racial group. Statistical constants were calculated in all instances. The re- 
sults and conclusions presented in this paper are based on the statistical studies 
of these data. 

OBSERVATIONS AND RESULTS 

It has frequently been suggested that values for the different blood ele- 
ments may vary for different racial groups. It has also been suggested that 
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not to o‘L“ and U tv dfth "'"'r “« 

e.Ytensive data collected J «« be The 

Mdiether a^e or r-ieial diftV investigation were analyzed to determine 

and .-aoial diftWetfw'ttXotrt 

for all the blood elements for thr. u values could be calculated 

poidcdforolh::^^:^^:-^^^ -th blood vames re- 

the n!:!::^:^ to 25 year, hm 

for the ages from 18 to 22 inclusive 0011^? \ 

for these age "roups sunumUArl 1 \ I observations of the blood values 

differences in the blood v^t ^^^tistical analysis, showed that significant 

T ti, . 1 ^ nre summarized in Table III. 

of p.t.t to' polrtSoTr” 1" 'a>-SO ■nnnto'a 

Chinese, and Japanese raeial s'roiips” the 5”'’’ 

groups attendiii" the Univei-^iT r u •• "“'“bin’ of persons of other racial 

-hVeoniaed foe'cHdeaTru"/ PojTe", 

eadly significant dift’ereiices for none nf ri f bn’oCr racial groups, statisti- 
values foe the vat-ions blood eLem^fo - ,t' 

marized in Table IV. different racial groups are sum- 

ad noT“et''art;:L:ta“it^^^^^^^^^ '■“™- ““o 

values for young resiy^! i„T ^t ‘''■''™«"»««n of normal blood 

statistical constants, and the ran"e o'f th Islands. The mean values, 

ments are presented in Table V '’Thfo f. ^ tbe different blood ele- 

blood values is graphicallv nfpcont i • °f oceuz-renee of the various 

ci aiziiicaiiy presented in histograms in Ohnrt 1 

healthy youTg mtrofthVnLvaS^^^^^^ obtained'’in this study for 

of other geographical regions summarized iil TaWes I and Il'l 

mdieates that the values obtained in this studv n , i i m 

given by the greater number of investio-atois Ti f ^^“^ely similar to those 

peculiar types of normal blood values rln z / evident that particular or 

ian Islands. men of the Hawai- 

DISCUSSION 

It is generally agreed that blood values for- i,o ui i i 
stant. This feature of blood values has been nn’ z i 

and Mugrage,^ Wintrobe,^= and many others^ n out by Osgood,® Andresen 
ences did not occur for the blood values nf ti ^hat age diffez-- 

amined uz this study was, therefore anti i healthy persons ex- 

narrow age limits of the grou^l^a.iAe^^S 
Osgood,® Mugrage and Andresen,^ Sachs, Levine and ^ 

Fritzell,” and many others that adult blnAri i ®^^hifh, Goldhamer and 

tween the ages of 15 and 17 yeazl Our da^ ^ be- 

yeazs. Uuz data tend to support these observations. 
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Average Blooii Values op DiPPaiEST Age Groups 
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no si<mificant differences. Nelson and Stoker,^ in studies of hemoglobin and 
red blood cell values of white and negro adult men, found no racial differences 
to exist. :^Iyers and Eddy,^ after a study of hemoglobin values reported in the 
literature for different races, came to the condition that racial differences did 
not occur. A study of Tables I and II, which include blood values for several 
races, indicates that, when due consideration is given to variations in technique 
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employed in the studies, racial differences in blood values do not exist, or if 
they exist, they are very small. The pre,sent .study supports these eonclusions, 
since it shoivs that for Chinese, Japajiese, ajid Caueasiaji men of .similar ages 
and environment, statistically significant differences for the mean values of 
none of the blood elements occui-. 

It has also frequently been suggested that the dift'ereiiees in mean blood 
values reported by different investigators may be due to geographical factors 
other than that of altitude. AValters,'®’ AVintrobe,*- and Alyers and Eddy' 
have concluded that significant differences of blood values for different geo- 
graphical regions do not exist, and that blood values are generally tiie same 
for all regions of the world. The mean values reported by various investigators 
from various sections of the world, pre.sentcd in Tables I and II, indicate that 
this conclusion must be accepted, and that the normal blood values for men 
residing in the Hawaiian Lslands cannot be considered to differ from the blood 
values of men residing in other regions of the world. 

Mean blood values for normal persons, as Xelson'* and others have pointed 
out, represent only the central values of normal, the normal values ranging 
above and beloA\- these means. Mean A’alues, however, may he employed in 
making comparisons for the degree of similarity and agreement of the results 
of different investigations. The mean values for hemoglobin, obtained by dif- 
ferent investigators and presented in Table I, vaiy greatly though the greater 
number fall iu the region of 14.5 to 15.5 Gm. per 100 e.c. of blood. Since vari- 
ous methods were used in making the hemoglobin detemninations, it is possible 
that the variation in mean values obtained may be due to a great extent to the 
differences in methods employed. AVhere the technique and apparatus em- 
ployed have been quite uniform, as for instance in the enumeration of red 
blood cells, the results of tlie different iin estigations are more nearly alike. 
The gi'eater number of red blood cell values summarized in Table I fall into the 
interval of 5 to 5.5 millions per cubic millimeter of blood. Our mean hemo- 
globin value of 15.10 Gm. and mean number of red blood cells of 5.08 millions, 
therefore, fall in the regions which include tlie greater number of mean values 
repoi'ted for these blood elements. 

The mean values for the volume of packed red blood cells of healthy adult 
men reported in the literature vary markedly. This is undoubtedly due to a 
great extent to differences in technique employed in the determinations. Other 
factors may also contribute to this diftei-ence in reported values. A number of 
recent workei’s (AA^alters,'" Andresen and 3fugrage,” and Mugrage and Andre- 
sen^) have reported mean values of 48 and 49 per cent for cell volume. These 
values are exceptional, the greater number of investigators having reported 
values ranging from 44 to 46 per cent. Our mean values of 44.2 per cent for 
the volume of packed red blood cells, thex-efore, fall in the group of more fre- 
quently reported values. 

The coi-puseidar constants have received only little consideration except 
in recent investigations. The mean values for mean corpuscular hemoglobin 
coneenti'ation tend to be neax’ly alike and fall in the interval 32 to 35 per cent. 
A^alues for mean corpuscular hemoglobin are also in general agreement, and 
the oreater number of xneau values vary from 29 to 31 micromierograms. 
Greater differences for mean cox-puseular volume I’cported in the literature 
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occur luul vary from 84 to '.)(> cubic microns. Tlic same invest ■•'ators win. re- 
port lii?h mean values for packeil veil bloml cell volume have also reported 
hiiih values for mean corpuscular volume. < »ur values of o4.7 per cent lor mean 
conniseular hemo-lobiu concentration, 2!).2 mieromierograms for mean corpus- 
cular hemoglobin, ami Sfi.:") cubic microns for mean eorpu.seuiar volume agree 
with the values reported by the greater number of investigatois and with tJie 
values of 35 per cent, 211.5 micromicrograms, and Si culiic micions oiigiimlli 
■suggested by Wintrobe." 
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mm 
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o.s 

7.9 

71.2 to 103.2 
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29.2 

j 

0.2 


23.1 to 30.1 

Mean corpuscular liemoglobin eoneentru- 
tion in [ter cent 

34.7 

j 

O.IS 

1.7 

29.9 to 3S.9 

Platelets in ten thousands per cubic 
millimeter of blood 

25.3 

0.03 

0.40 

17.8 to 39.8 

Leucocytes in thou.-ands per cubic mil- 
limeter of blood 

Differential Icueocvte count in per cent 

7.00 

0.14 

1.50 

4.4 to 12.G 

Jseutrophiles 

54.0 

0.70 ' 

S.O 

3S.15 to 7S.3 

Eosinophiles 

2.93 

0.2.3 


0.0 to 15.0 

Basophiles 

0,57 

0.04 


0.0 to 2.3 

Lymphoevtes 

30.81 

0.0 


10.3 to 55.0 

Monoeyte.s 

5.0S 

0.13 


1.6 to 9.3 


*AU mean values determined for 137 persons, except for leucocytes and difierential leu- 
cocyte counts, which are for 136 persons, and cell volume and corpuscular constants for 107 per- 


The mean values reported for platelets may be divided into two groups, 
those obtained by the direct method and those obtained by the indirect method 
of enumeration. The mean values obtained by the two methods have been 
reviewed by 01ef.“ In general, the values obtained by the first method are 
about half as great as those obtained by the second method, and range from 
250,000 to 300,000 per cubic millimeter of blood. We chose the direct method 
of enumerating platelets, and our mean value of 253,000 per cubic millimeter 
of blood compares well Avith the mean A’alues obtained by this method by other 
investigators. 

The mean values for the normal number of white blood cells reported in 
the literature available to us. and summarized in Table 11, A-ary from 5 618 to 
8,350 per cubic millimeter of blood. Our mean value of 7,067 falls Avell u-ithin 
the limits of these observed values. The mean values of 51.6 per cent for 
neutrophiles, 2.93 per cent for eosinophiles, 0.57 per cent for basopKiles 36.81 
per cent for lymphocjU;es, and 5.08 per cent for monocytes obtained in this 
study compare closely to the mean values obtained by Osgood,® and Os-ood 










1242 


THE JOURNAL OF LABORATORY AND CLINICAL SIEDICINE 


and co-workers.'’ ® They, hoM'-ever, differ from the values usually given in 
textbooks in that the mean values for neutrophiles are lower while the mean 
values for lymphocjffes are higher than values commonly considered to he normal. 

SUMMABY 

Data are presented for the blood values of 137 healthy young men residing 
in the Hawaiian Islands, and ranging in age from 16 to 25 years. They were 
of several different races, the larger number being Caucasians, Chine.se, and 
Japanese. In this study, age or race differences were not found to occur for 
values for any of the various blood elements. The mean blood values obtained 
compared closely with those given by ini'^estigators in other parts of the world, 
and Ave have concluded that blood A'alues for men in the Hawaiian Islands do 
not differ significantly from those of men residing elscAvhere. The mean values, 
statistical constants, and range of observed A-alues for the various blood ele- 
ments are summarized in Table V. 
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THE AGGLUTININ RESPONSE OF NORMAL PERSONS TO SKIN 
TESTS WITH BRUCELLERGEN AND BRUCELLA VACCINE* 


William M. jM. Kirby, M.D., and Lowell A. Rantz, M.D, 
San Francesco, Calif. 


T WO types of antigens arc eotmuonly employed in skin testing for brucel- 
losis. One, Hnddlesoii’s bruceRorgcii, contains the purified protein nucleate 
fraction of Brucella cells. The other, Brucella vaccine, is a suspension of heat- 
Idilecl organisms in physiologic saline, and is also used for therapy. 

There is evidence tliat the intradermal injection of these substances stimu- 
lates the production of agglutinins. Giordano,’ Goldstein,- Heathman,^ and 
Meyer and Eddie,’ have noted positive agglutination tests following sldn tests 
with heat-killed organisms. YVide variations are reported, however, in the 
maximum titei's obtained. For example, Goldstein recorded titers as high as 
1 :5,120, while the liighest titer noted by 3Ieyer ivas 1 :S0. Similar differences 
have occurred with brucellergen. Bvans^ found titers as high as 1:320, while 
Huddleson** states that “one skin injection of brucellergen may give rise to 
Brucella agglutinins in a low titer in a small percentage of individuals. Tlie 
agglutinins disappear in about sixty daj's. ’ ’ 

Among the factors contributing to the.se variations are (1) individual differ- 
ences in agglutinin response, (2) the size of the skin test dose, (3) the nature 
of the antigen used for the agglutination tests, and (4) the technique of read- 
ing the agglutination tests. Since no single observer has studied both hrucel- 
lergen and vaccine at the same time, it is difficult to draw conclusions as to their 
relative ability to stimulate agglutinin production. 

Since this development of agglutinins may cause difficnltj’' in interpreting 
ao'Mutination tests, it is the routine procedure in some clinics to take blood for 
the agglutination test before the skin test is performed. However, since the 
results have been variable, as described, and since there is considerable difference 
of opinion concerning the relative merits of the skin and agglutination tests, 

‘From the Department of Medicine, Stanford University School of Mediciae, San. Fran- 
Received for publication, Januarj' 12, 1912. 
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arrivin- al a .liaaaasis ia tl.o la'lfo.ini.m- <>t all lUllaJarinal U'al «itl 
k'l-L'ii ” Tims ill -1 iTiiik' "iK-ra iialiaiils arc iisiiiin.v seen al'Cer coiisullins one 

^fiifrc .O arc'co„s ra™l mm, U.C 1.™'; - 

lirctins acylntination Icsls iicrtornicl al inlcrvals ol scvcal J'' " 

meeb (Olta-hm- skin Icsts, ami it is of consiJcniMc nn„o,«nc« to knot, as 

accuratelv as possible the oft’eft of the .skin test itse 1. , , , 

Due'to inavkea loeal and systenue reactions in sensitive 
size of the skill test dose has been redneed in the past ew je.us 1 ot o 
hruceller.^en and for the heat-killed organisms. Keller has 
smaller doses of heat-killed or-^ninisms are eipuilly as _ 

skin testin- and that reducing the size of the dose has abolished the nioic .seieie 

reactions previously noted. , . 

Our purpose in undertaking this study was to determine the agglutinin 
response to eoininereial products commonly used at the present tune, hoping lie 
might, with these smaller doses, obtain information o_t value m interpreting 
agglutination tests performed on patients at varying intervals tollowing skin 
tests. It also seemed of interest to compare the efleets of vaccine and biucel- 
lergen, irsing the same antigen and the same technuiue in interpreting the tests. 


JIKTIIOD .\ND Jt.VTKRI.VLS 

Fifty apparently normal, healthy adults, most of them members of the 
house staff of Stanford University Hospitals, volunteered for the study. All had 
negative Brucella agglutinations before being skin tested. One-half were given 
0.1 e.e. of Huddleson’s brucellergen 1:12,000, obtained from the Department 
of Bacteriology of the IMichigan State College, and the other one-half were 
given 0.1 e.e. of the commercial Brucella vaccine, prepared by the Ledeile 
Laboratories, diluted so that 0.1 c.c. contained forty million heat-killed oigan- 
isms. The skin tests were read after forty-eight hours, an area of induration 
and edema of 5 mm. or more being considered positive. Agglutination tests ueie 
performed during the second and fourth weeks following the skin tests. 

The antigen was prepared from Br. ahoitus stiain 19, fiom 'which con- 
taminants and rough variants were carefully excluded. A forty-eight-hour 
groivth of the organisms was suspended in 0.5 per cent phenolized saline, and 
diluted to a density corresponding to approximately 4 cm. on the Gates ap- 
paratus. In performing the tube agglutination tests, serial dilutions of the 
serum, from 1:10 to 1:160, were added to constant amounts of the antigen. 
The tests were read after twelve hours’ incubation at 3(° G., and again after 
standing at room temperature for twenty-four hours. Tubes not showing a per- 
fectly clear supernatant solution, with good clumping in the bottom, were re- 
garded as negative. Tube agglutination tests were also performed on many sera 
with the stock antigen, prepared by the United States Department of Agricul- 
ture, as a cheek on the sensitivity of our oivn antigen. Finally, rapid slide 
agglutination tests were performed, using commercial Br. abortus febrile antigen, 
prepared by the Lederle Laboratories. The dilutions ranged from 1 :20 to 1 :160. 
The^e were read after standing ten minutes. 
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RESULTS 

Tlie results are presented in the aecompan 3 dng tables. Individual .skin and 
agglutination tests are recorded in Tables I and II, while Table III is a com- 
parison of tlie results obtained with the two antigens. For convenience, Tables 
I and II are arranged in the following order: positive skin and agglutination 
tests, negative skin and positive agglutination tests, positive skin and negative 
agglutination tests, and negative skin and negative agglutination tests. 

T.U5LE I 


Results in Persons .Skin Tested 3V'itii Procellekgen 


NUMBER 

SlvIN TEST 

agglutjnation test 
SECOND WEEK AITER 

SKIN TEST 

agglutination test 
FOURT ir IVEEK AFTER 

SKIN TEST 

slide 

TUBE 

SLIDE 

TUBE 

1 

■f 

0 


0 

ITio 

2 

■R 

1:40 


1:20 

1:20 

3 

-I 

1 : S 0 

1:40 

1:40 

1:40 

4 

-f 

0 

1:20 


1:20 

0 

-f- 

1:20 

1:20 

1:20 

1:20 

6 

■f 

0 

0 


1:20 

7 


1:20 

1:40 


1:40 

s 

+ 

0 

1:10 

1:20 

1:20 

9 

+ 

1:80 

1:80 

1:40 

1:40 

10 

- 

1:20 

1:40 

1:40 

1:40 

n 


1:80 

1:80 

1:40 

1:80 

12 

- 

1:40 

1:40 

1:40 

1:40 

13 

- 

0 

1:20 

0 

1:20 

14-15 

-i- 

0 

0 

0 


10-25 

- 

0 

0 

0 



Table II 


Results of Persons Skin Tested With Brucella Vaccine 


number 

SKIN TEST 

AGGLUTINATION TEST 
SECOND WEEK AFTER 

SKIN TEST ; 

ACGLUTI.NATIO.N TEST 

FOURTH WEEK AFTER 

SKI.N TEST 

SLIDE 

TUBE 

SLIDE 

TUBE 

1 

-4 

0 

1:20 


1:20 

2 

+ 

0 

1:10 

0 


3 

+ 

1:80 

1 ; S 0 

1:80 


4 


1:40 

1:40 

1:20 

1:20 

5 


1:20 

1:20 

1:20 


6 

-4 

1:40 

1:40 

1:40 

1:20 

7 

- 

0 

1:10 


0 

8 

- 

1:20 

1:20 

i 1:20 i 

1:20 

9 

- 

0 

1:10 


1:10 

10 

1 

1:20 

1:20 


1:10 

11 

- 

0 

1:10 



12 

- 

1:40 

1:40 



13 

+ 

0 I 

0 

1 0 


14-25 


0 

0 




Eleven of the group tested with brueellergen and 7 of tlie vaccine group 
developed positive intradermal I’eactions, Five of the former and three of the 
latter developed red strealis up the arm, with swollen, painful axillary nodes. 
General malaise, chills, and fever occurred in two instances. In spite of these 
strongly positive reactions no local tissue necrosis resulted. A mild secondaiy 
infection of the skin developed in one instance. The local induration and edema 
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tendecl to be lirHier iiiul ilLT‘j)er I'oiiovirinji v.wvu\e tUuu following brncellci'gcii, 
and persisted almost a month in two eases. 

Ill each group about ono-lialf of the persons failed to develop agglutinins. 
In the othei's the titers were unifonniy low. The maximum of 1;S0 wa.s at- 
tained in only four instanee.s. All hut three with positive skin tests developed 
agglutinins. Of those with negative iutradermul reaetions, foiu' iu the hvueel- 
Icrgen and six in the vaeeine group also dcvelojied agglutinins, and the titers 
were ecpuiUy as high as in those in whom the skin test was positive. I* rom Table 
III it is apparent that there was very little, if any, differenee in the response to 
the two skill test antigens. 


Taih.k lit 

JtKSVLrS GiiOL-l-KK .t< <OI;W.N« TO TllK M-V-XIMCM TlTKilS ATT.MXEI) 


.SKIX TEST 
-IXTIGE.V 

xcituKi: or 

' POSITIVK SKIS' 
TK^rS 

0 

I 

1 1:10 

i l;g0 i 

1 j 

l-.io 

1:80 

Brucellergen 

11 

i 


1 ^ ' 

4 

•T 

a 

Brucella ' 

Vaccine 

7 ! 

13 

4 

1 

5 ] 

3 j 

2 


DISCUSSION 


The high incidence (36 per cent) of positive intradermal reactions found in 
this study cannot, of course, lie considered representative of the population as a 
whole, since only 50 persons were skin tested. However, it does serve to empha- 
size the point that healthy, active adults, who have never had symptoms of 
brucellosis, may have strongly positive skin tests. It does not seem presumptuous 
to state that several of these persons, if possessed with mild neurasthenic sjunp- 
tonis, would be regarded in certain cii’cles as cases of clironic brucellosis. NVith 
the present enthusiasm for this disease, there is a tendency to forget that more 
than a positive skin test is necessary to make a diagnosis of active BrueeUa 
infection. 

The agglutinin titers were consistently low. In one-iialf of the group none 
developed, and only a few were as high as 1:80. There was no apparent cor- 
relation between positive skin tests and agglutinin production, for a significant 
number developed agglutinins following negative .skin tests, and the titers were 
as high as in those in whom the iutradermal reaction was positive. Prom a com- 
parative standpoint it can be said that the response to the tivo skin test antioens 
is almost identieal. 


From, these results it would appear that titers above 1 :80 can be regarded 
as due to contact with Brucella other than that of the skin test. SiniTe only 
titers above 1-,S0 are usually regarded as indicative of active infection, the effect 
of the skin test can be disregarded entirely. U.sing a carefully prepared antigen 
and a standardized technique for reading the agglutination tests we feel con- 
siderable confidence in this point of view. ’ 

As has been reported by others,® the titers obtained with the rapid slide 
test and with the macroscopic tube test were in close agi'eement. Por manv nur 
poses the slide test, which is very simple to perfom, would seem a satisfletoxy 
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diagnostic method. The possibility that ouv own tube antigen is relatively in- 
sensitive i.s precluded by the close agreement in agglutination titere obtained 
with the rapid slide method and witJi the stock antigen of the United States 
Department of Agriculture. 

Several patients with low-grade fevers have reacted similarly to the ‘‘nor- 
mal" persons described above. However, in two patients with acute febrile 
illnesses, both of whom had temperatures of above 40° C., agglutinin titers of 
1:320 developed two weeks following skin tests, Tlie intradei'mal reaction 
was positive in one and negative in the other. This excess rise in agglutinin 
titers, associated with fever, is well known and must be borne in mind in the 
interpretation of all agglutination teats. 

The patients that present the greatest diagnostic problems are those with 
little or no fever, but with symptoms suggestive of chronic brucellosis. We 
can say with considerable a.ssnranee that in tliem the skin test will not influence 
the interpretation of the agglutination test. Where the blood culture is negative, 
and a careful correlation of the other laboratory procedures with the clinical 
picture is essential, it is of considerable practical aid to have such a criterion 
in dealing witli patients wlio Iiave been previously skin tested. 

SUMMARY and conclusions 

1. The agglutinin response of apparently healthy adults to the two com- 
monly used types of Brucella skin-testing antigens has been studied, since this 
is a possible source of eoufusion in the clinical interpretation of the agglutination 
test. Commercial products, Lederle’s Brncella vaccine and Huddleson’s brncel- 
lergen, were used for the skin tests, to make the results of more practical value. 

2. Positive intradernial reactions were present in 36 per cent of the 50 per- 
sons studied. 

3. Approximately one-lialf of tliose skin tested failed to develop agglutinins, 
and in the others the titers were low, the maximum being 1 ;S0. 

4. There was little, if any, difterenee in response to the two antigens, and 
there was no correlation between positive skin tests and agglutinin production. 

5. The practical significance of these results is discussed, and it is suggested 
that, except when high fevers are present, the agglutinin response to Brucella 
skin tests need not cause confusion in the interpretation of the agglutination 
tests. 
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OBSERVATIONS ON THE ELEOTROCAUDIOORA:^! IN EPIEERSY AND 
COMPARISON WITH ELECTROCARDIOGRAM IN SEIZURES 
FOLLO^YING CONVULSANT DRUG THERAPY* 


Thomas Ziskix, ^I.D., and Ahkxandku G. Dumas, ]M.D. 
IMiNNKAUOI.IS, illNX. 


T he introcluctioii ot‘ convulsive drugs into the treatment of mental disease 
has stimulated interest in the study of the physiologic changes associated 
with the seizures resulting from the use of these drugs, and also in the study of 
changes associated with convulsive seizures in general. 

Bellet, Freed, and Dwyer* noted the electrocardiographic alterations during 
58 shock treatments on 40 different patients during the hypoglycemic shock 
treatment of schizophrenia. In two-thirds of the shock treatments noteworthy 
electrocardiograpliic ehaiigcs were obtained. These consisted of depression of 
the S-T segments, diminution of the height of the T wave, prolongation of the 
Q-T interval, auricular fibrillation, extrasystoles, shifting pacemaker, sinus 
arrhythmia, and sinoauricular heart block. 

Orenstein* observed 15 schizophrenic patients treated ■with metrazol con- 
\Tilsions. Electrocardiograpliic changes varying according to the severity of 
the commlsions were noted following the convulsions. After a mild seizure there 
were a rapid rate, T-wave elevation, depression of S-T segment, and arrhythmia. 
After a severe convulsion he found in addition, sinus arrest, shifting of the 
pacemaker, auricular and ventricular premature contractions, coupling of beats, 
nodal escape, and rarely a marked bradycardia. 

lilessinger and Moros^ studied the electrocardiographic findings in patients 
before and immediately after metrazol convulsions. In no instance did they 
find any significant deflection of the S-T interval. In 3 of 10 cases they found 
a slightly diminished amplitude of the T waves, and in 7 others a slightly in- 
creased amplitude of the T waves. 

Levine, Piltz, and Reznikoff* also studied the effects on the electrocardiogram 
of metrazol shock therapy and found no significant changes. In one patient they 
found inversion of the T wave in Leads II and III after the seizures. Since they 
believed this to be due to anoxemia, they gave the patient 100 per cent oxyo-en 
by inhalation for fifteen minutes. Thirty minutes later an electrocardiogram 
was taken ; it recorded that most of the T waves in Leads II and III were up- 
right. ^ 


•From the Veterans Administration Facility, Minneapolis 
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Lennox and Cobb“ obtained elcctrocardiograpliic records of patients during 
petit mal and mj^oelonic seizures, and in thtse instancas neither tlie rhythm nor 
the amplitude of the waves was appreciabij'" affected. 

Erickson,® in a clinical study of changes in the circulatory system during 
or immediately preceding an attack of epilep.sy, observed tJie electrocardiographic 
picture also. In most cases onl.v one lead of the eleeti’ocardiogi’am was taken in 
order to avoid picking up too many electrical effects from the muscles during 
the convulsion. He used a direct chest lead, one electrode being placed over the 
manubrium sterni just below the sternal notch and the other just below the 
point at which the apex beat of the licart wa.s palpated. He obtained satisfac- 
tory eleetrocardiograpliie tracings during 54 epileptic seizures of various types 
in 17 diffei'ent patients. In none of tlie 54 attaclcs observed was there any drop- 
ping out of the QRS interval of the electrocardiogram. The T wave was un- 
changed in all but 4 patients. In 4 the T "wave became biphasic or flattened at 
the end of the attaelcs. 

W^’internitz' observed a patient in status epilepticus, and for several days 
after the occurrence he noted changes in the electrocaz’diogram, a long E-T 
segment. 

NEW DATA 

The present stud}’ concerns mainly’ the eleetrocardiograpliie findings in a 
group of 20 epileptics observed at the Minnesota State Colony’ for Epileptics at 
Cambridge, Minn. Eleetroeardiograms were taken before seizures, during 
seizures, and at various intervals after seizures. Thi’ee standard leads and 
Lead IVP, as adopted by’ the Amei’ican Heart Association, were taken on each 
patient. Thirty-eight electroeardiogi’ams were taken in this series. The age 
of the patients varied from 13 y’ears to 45 yeai’s. Tliere ivas neither history’ nor 
clinical signs of heart disease in any of them. 

Diminished amplitude of the T waves and increased depth of the T wave, 
where the T wave was normally inverted, were noted in practically every in- 
stance after the seizures. Other significant changes were observed in 5 of 12 
patients in ivliom comparative electrocardiograms were made during seizures and 
in the period of remission. These changes consisted of variations of the electrical 
axis, changes in rliy’thm, various degi’ees of auriculoventricular block, disloca- 
tion of the pacemaker, and inversion of the T waves. Some of these changes 
were noted immediately’ after the seizures, and othei’s for periods as long as 
four and one-half hours after a seizure. In one patient a tracing taken im- 
mediately after the termination of a convulsive seizure shoived a negative T 
wave, whereas a positive T wave was noted immediately’ preceding the seizxu’e. 
Another patient show’ed a change of electrical axis to right axis deviation, 
ventricular extrasy’stoles, and negative T waves in Leads I and IV after the 
seizure, and a normal electrocardiogram during the pei'iod of remission. A de- 
tailed description of the significant electi’ocardiographic findings is given in 
Table I. 

A comparison of the electrocardiographic findings we observed following 
epileptic seizures, with those noted by other workers following convulsive seizzires 
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induced by insulin .shock and inctrazol tliera|>y oi schizoplircnia, rc%-eal.s tlio fact 
that the changes are similar in character in each instance. 'lhi.s would lead 
us to believe that the phy.siologie changes preceding the convulsion and during 
the convulsive seizures are the same whether tlie convnisions arc tlie result of 
insulin .shock, metrazol, or epilep.sy. Also in epileptic seizures there is an in- 
trinsic factor which acts on the cerebral circulation and the cardio\asculdr 
circulation in general, in a manner similar to the extrinsic factoi's, insulin, and 
metx’azol in their respective convulsive .seizures. 

TAIlt.C I 


NAME . 

\GE : 

5KX 

TIME UK 
.SKIZUKE 

F.J. 

15 

F i 
1 

■ .V.1I. S A.M. 
10:45 .V.1I. 




S^one 

IL Sw. 

3S 

P < 

) -Lit. 




None 

G.U. 

10 

F 

S .V.M. 8:30 -V.M. 




None 

M. St. 

19 

F 

0a.ii.-7:30 p.u. 



1 

(23 seizures) 




None 

L.F. 

09 

P 

0 A.1I.-S p.n. 




(10 seizures 

G.G. 

21 

F 

2:50 P.it. 




None 

V.D. 

45 


11:00 -uil. 




None 


KATE 

time UK 

EKG 

INTEIl' 

VAE 

12/11/39 

1:15 r.M. 

2 lir. 

!0 min. 

1/ S/40 

10:25 -v.lt. 


12/11/.39 

1:2S I'.il. 

4 hr. 

IS min. 

1/ S/40 

1:43 r.M. 


12/11/39 

11:20 .\.M. 

2 hr. 

50 min. 

1/ S/40 

11:30 A.M. 


12/11/39 

11:00 .\.M. 

None 


1:50 P.M. 


1/ 8/40 

11:20 A.M. 


12/11/39 

11:40 -LM. 

None 

1/ S/4fl 

11:10 A.M. 


12/ll/3£ 

3:10 P.M. 

20 min. 

1/ 8/4( 

1 :50 P.M. 


5/22/3! 

11:30 .4.M. 

30 min. 


5/25/39 


KKG nSblSGS 


T wave diminished in heiglit 
Negative 

.Sliglit T w.ave changes. A'ar- 
iation.s in height of 11 
in Lead IV 
Negative 

Ventricular extrasystoles: 
right axis deviation. Neg- 
ative T wave in Leads I 
and IV 
Negative 

Diminished height R and 
T waves. Wandering pace- 
maker. Negative T wave 
in Lead III during seizure 

Increased height of R and 
T waves 
Negative 

Diminished height R and 
T waves. Increased depth 
T wave during seizure 
Negative 

T wave changes. A'^entricu- 
lar extrasystoles 
Negative 

Delaj'ed auricnloventricular 
conduction with variable 
P-E interval (ventricular 
escape) 

Negative 


POSSIBLE CAUSES OF EKG CHANGES 

Clinical ob.servation and experimental research by many observers have 
shown that electrocardiographic changes similar to those observed following 
conniLsive seizures are an indication of myocardial ischemia or anoxemia of the 
heart muscle. 

Kountz and Gruber* produced anoxemia in animals, and when the oxy«ren 
saturation fell below 50 per cent, electrocardiographic changes similar to those 
observed elmically in coronary occlusion were found. Eelease of the animal! 
from the anoxemic state caused the electrocardiogram to return to normal. They 
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in these instances could ho nrulTto ‘^^‘^<=^i’oeardiographic changes 

as sodium niti-ite. Milks and Smith” TT' f o 

venous injection of epinephrme It m sinulac changes by the intn- 

eardiooTaphic changes seen iMMulr"’' '' T the electro- 
metraaol, and op^omv aTpff lT " insulin shod-, 

muscle. ' >»yocdidui] Is’chomia or anoxemia of tlie heart 
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alter seizure. 


Scllet, B'l’eed^ ond. I)w3’'6i*' btdipvp thni- j»-» * i* t » 

available carbohydrates and the increased worl-^rtV^f^ 
shock of long- duration suggest tlmt anoxemi " 

cardiac effects. They basT tllk I;:™;:: Tr "" 

have shown that lowering of the blood sno-> i mr estigations which 
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lleisin^cr uiul Jloras’^ foriimlate an hypotlR's’is to account lor tlic d’u ci.se 
cardiovascular cliaugc.s tliey noted in tlicir .study of llie eficct.s oi in.sulin and 
nietrazol in tlicsc ca.sc.s. 3’!icy arc oi the ojiinion that pcrsoirs dift'ci in tlicii 
response to various types oi stimuli, aiul particular!} in the dcgice o£ theii 
response to drugs of the .synipathetic-adrenal type. It i.s now recognized that 
the prolonged administration of iiusulin (as in shock treatment) ma% induce an 
altered state of reactivity of tiie sympathetic .system [irimaril} in the diiection 
of an increased sensitivity of re.spou.se to adrenalin and .s^nijiathctic-ininietie 



Fic. 3. EKG showing delayed aurlculo-\‘cntricuIar conduction with variable P-R interval. 

A, Control (5/25/33). Xorinal tracing. B, Thirty minutes after seizure (.5/2J/.33) showing de- 
layed auriculovc-ntricular conduction with variable P-R interval, simulating ventricular escape. 



Fig. 4. — EKG showing wandering pacemaker after a seizure. A, Control (1/8/40) 
Xormal tracing. B, After several seizures (12/11/33) showing variable P waves, indicating a 
wandering pacemaker. 

drugs. Also metrazol may produce transitory effects which are.tj-pical of a 
mild hyperadrenalemia. That adrenalin may cause heart changes has been 
shown by the work of Milles and Smith® and others. These observers showed 
that electrocardiographic changes similar to those occurring in eonmlsive 
seizures could be produced by the intravenous injection of adrenalin, 

Levine, Piltz, and Reznikoff,-* contending that anoxemia might account for 
the electrocardiographic changes seen after metrazol therapy, gave their na- 
tient, who showed an inverted T, and T^ after metrazol comuilsions, 100 per cent 
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oxygen by inhalation for fifteen mimite-s. Thirty minutes later the electro- 
cardiogram revealed that most of the T waves in Leads II and III were up- 
right. 

In the study of chemical and physiologic conditions, which may be con- 
tributing factors to epileptic seizures, four major conditions are usually given; 
namely, acid-base balance, fluid balance, o.xj'genation, and circulation. That 
these factors may be interrelated and responsible for cardiovascular changes in 
epilepsy, as depicted by the electrocardiogram, may be assumed from our ob- 
servations on this group of patients which we studied. 

Reduction of alkaliuitj’' and induction of acidosis, either by fasting, phj'sical 
exercise, or the ketogcnic diet, is known to precipitate seizures. 

MeBroom,’“ in collaboration with Ilirschfeldcr and Haury,** made a study 
of blood potassium in epilepsj'. They found a gradual increase in the potas- 
sium up to the time of seizure, followed by a drop immediately after the seizure. 

Moglia’- studied the effects of adrenalin on the pota.ssium in the plasma. 
He injected adrenalin intravenoiisl}’- into chloralosed dogs at a constant rate for 
fifteen minutes. A dose of 5 gamma per kilogram per minute produced an initial 
increase of plasma potassium, lasting from five to ten minutes, followed by a 
prolonged decrease, A dose of 0.5 and 0.25 gamma produced a prolonged de- 
crease mthout the initial increase. The larger doses were similar to the amounts 
secreted by the adrenals in states of emergency ; the smaller ones w'ere similar 
to the physiologic amounts of adrenalin and sympathin. 

Thomson*^ studied the effect of pota.ssium on the heart b.y giving potassium 
chloride and citrate in doses varying from 3 to 30 Gm. daily to 24 patients with 
various diseases, and observed the effects on the electrocardiogram. In 14 pa- 
tients there was an increased height in the T w'aves in one or more leads after 
giving the potassium. The average increase in the level of the serum potassium 
was S.3 mg. per 100 c.c., as compared with 2.6 mg. per 100 c.e. in the patients who 
showed no such change. In one patient the T Avave became more diphasic. In 
two patients definite degrees of heart block were produced. In one there was 
prolongation of the P-R interval. Other changes also Avere noted. Thomson 
advances the hypothesis that these changes may be mediated through the action 
of the potassium ion on the myocai'dium because of the similarit 3 ' of these 
changes to those produced by vagal stimulation, by acetylcholine, and by pitres- 
sin. 

Changes in the cerebral circulation and also in the general circulation, prob- 
ably resulting from this vasoconstrictor effect, have been showm by many ob- 
servers. Penfield'^ reported the cessation of cerebral pulsations during con- 
vulsions occurring Avhen the brain Avas exposed by craniotomy. 

Olkon'^ studied the microscopic vascular changes in the brain, internal 
viscera, and skin of living animals in relation to conAuilsions. FolIoAving con- 
vulsions induced bj^ the injection of excitant drugs, capillary changes Avere in- 
variablj" found in the pia-araehnoid, skin, and internal organs. These consisted 
of tAvisting, irregularit}'^, and deformity, and a sluggishness in the circulating 
cells AAuthin their lumen. 
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Denyssen aiul Wattei-son'” also an; of (he oiiinioii that a va.soeoiislrietor 
effect is vesponsilile for tlu; eouvulsions. They gave va.sodcpre.s.sor drugs, sueli 
as amyl nitrite, sodium nitrite, and histamiii, prior to tlie administration of eon- 
\'ulsive doses of metrazol. No tits oeeurred. 


CONCLUSIONS 

The electroeardiograpliie findings wliieh we have observed during and after 
epileptic seizures tend to sliow that cardiovascular changes occur following 
epileptic seizures, and that these changes are part of circulatory changes through- 
out the body. As a result of this, and from the experimental and clinical ob- 
servations of other workcre, the supposition is made that the epileptic seizures 
are due to a cerebral anoxemia resulting from an ischemia of the brain follow- 
ing vasoconstriction. This is probably the result of an electrochemical change 
and adrenalin-like action on the cerebral vessels. 

After comparing our findings with those of other workers who studied the 
electrocardiographic changes following seizures after convulsant drug therapy, 
we conclude that the physiologic changes during and after convulsive seizures 
from e.xcitant drugs are the same as those due to epilepsy, also that the extrinsic 
factoi-s, such as insulin shock and metrazol, probably produce a similar adrenalin- 
like reaction as the intrinsic factor which brings on the cerebral ischemia and 
anoxemia in epileptic seizures. 

We wish to thank Dr. D. E. McBroom. Superintendent. Alinnesota. Colony for Epileptics, 
and his associates for the opportunity to observe the patienUi at the institution and for their 
valuable cooperation and assistance in making this study possible. 
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PERIPHERAL NERVES IN CHRONIC ATROPHIC ARTHRITIS* 


ITuc.0 A. Freund, A.B., M.D., (iabriee Steiner, M.D., 
Bruno LEicitTENTUirr, JI.D., and Aevin E. Price, A.B., j\f.D. 
Detroit, IIich. 


T he obvious fact that chronic atrophic arthritis is not solely a joint disease, 
but one in wliieli many systems of the body are involved, has caused us to 
undertake a more detailed investigation of the entire organism. We have begun 
with a re-examination of all the patliologie changes. Recently, the muscles and 
valves of the heart have been examined and noteworthy findings have been re- 
ported. Because of the nature of the pains, trophic conditions, vasomotor 
alterations, and heightened reflexes, a more detailed study of the peripheral 
nerves and sympathetic chains were undertaken. In earlier studies only the 
bi'ains and spinal cords were examined; no specific or characteristic lesions 
were found. 



Fig. 1. — A longitudinally cut section through a femoral nerve of a patient with severe 
chronic atrophic artliritis, XS. The arrows indicate the perineural or interfascicular location of 
the nodules. 


In onr present study, covering the past two and one-lialf years, liitlierto 
undescribed pathologic changes involving the peripheral nervous system have 
been found. These are recorded here briefly; a more detailed report will follow. 

The brains of 11 patients witli definite elironic atrophic (rlieumatoid) 
arthritis and the periphei-al nerves in five of the patients were examined. There 
were no specific changes in the central nervous system ; however, in two of five 
cases of chronic atrophic arthritis ehavacteristie and severe pathologic lesions 

•From tlie Eloise Hospital and AVayne iTniversity College of Medicine. Detroit 

This work was done under a grant from the Cliildren’s Fund of Michigan. 
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were found in peripheral nerve trunlis (sciatic, femoral, brachial plexus). In 
one case the lesion in the peripheral nerves was somewhat milder, and in the 
last two cases the changes were only slight. The characteristic findings were 
represented by sharply circumscribed nodules of round or oval sliape. The nodules 
are not seen grossly in unstained specimens. However, tliey can be seen with 
the naked eye in stained slides. Fig. 1 represents a longitudinally cut part of 
a peripheral nerve magnified nine times to show the distribution of the nodules in 
a peripheral nerve. The nodules are located in the perineurium and are less 
common in the epineurium ; they are never found in the endoneurium of the 
peripheral nerves. The size of a single nodule varies. Serial sections through a 
single nodule show an involvement 0.14 to 0.2 mm. in diameter. The nodules 
are often found in groups of three or four in the same longitudinally cut sec- 
tion. Histologically, each nodule consists of tw'o or three zones : a central zone 
of necrosis rvhieh may or may not be present, an intermediate zone of proliferat- 
ing mesenchymal cells, and a peripheral ringlike zone of inflammation with 
lymphocytes and plasma cells. The cells in the intermediate zone are of the so- 
called epithelioid type. They are polyhedral and have large elongated irregular 
nuclei, poor in chromatin. Clear cell outlines are usually not demonstrable. 
Fig. 2 A and B are photomicrograph.s, xl75 and x550, respectively. The three 
zones of the nodule are clearly seen. Conglomeration into larger areas is never 
found. This finding has to be classified as “rheumarthritic nodulous perineu- 
ritis.” The specific.ity of this change has been confirmed by examination of 
peripheral nerves from 86 control cases rvhieh ivere examined without Iniowledge 
of the clinical history or the findings at autop.sy. Six cases showed pathologic 
changes in the peripheral nerves. In one case with the findmg of perineuritic 
nodules the clinical history revealed that the patient had chronic atrophic 
arthritis for many years. Recently in continuing our control examination, a 
new case with perineuritic nodules in peripheral nerves was found. This was 
an 80-year-old female with old rheumatic heart disease (clinically diagnosed as 
i-heumatoid arthritis). The pathologic changes in the five nonarthritic control 
cases (one of Buerger’s disease, two of dermatomyositis, one of postencephalitic 
parkinsonism, one of carcinomatous infiltrations of the epineurium) differed dis- 
tinctly from the perineuritic changes in chronic atrophic arthritis. We con- 
sider rheumarthritic nodulous perineuritis a specific active inflammatory process 
concomitant and parallel w'ith other rheumatic pathologic features in chronic 
atrophic arthritis, such as rheumatic heart disease, subcutaneous nodules, and 
synovial inflammation and proliferation. 

62 West Kirby Avexue 



BRUCELLOSIS: STUOIKS 

IN SEUOLOCIC lESriNC. 


F..KU E. Ano..,:, 5I.I)., \V.....ia>. H- 

DOIIOTIIV llollliAX, A.l)., Kaxsax Lm, Ka. . 


. . • A 1 - in .Avnlaiii the wide variation in a-glutination 

-yPIE purpose ot this study is t - P observed from various 

1 titer and in results were too great to be ac- 

laboratories. In manj cases illustrate a state laboratory reported a 

crnued loi- as Iccimical varial.ons To . l^uala. a 

negative Brneella agglutination i oi conimeteial antigens. In an- 

demonstrate a positive titei ot . „A,„iin of the Brucella reported 69 

..he., instanec. the laboiatoey nsing a One 

per cent of polyiuorpbonucleai ncu lopn in°onv of the cells. Therefore, 

week later we did not titer and eytophagic aetivity 
:i“ C';;r.ned .l.e°s:n,e teehnieian with 20 

other laboratoiues. The anti e J J Michigan, Minnesota, Illinois, 

the Brneella f i„ Washington. All strains were 

ne^atue to ineimo into iruinea pigs. Fourteen strains pro- 

Zd rll. foftS rowed U BrueeJa lesion, and 6 ol which produced 

Zs'pieehangesonly 

ZZ oT high agglutinin titers. All strains were deternuned .0 react w.th 

knot\Ti positive and negative bloods. 

Opsonocytophagic Tesf-s.-Suspensions were pr^epared from 
hour cultures of Brucella organisms in saline with pH 7.0^ to 7.1. Tu b d j 
was adiusted to ilcFarland nephelometer No. 2o. Five cubic centimeters of 
blood were collected in sterile tubes that had been filled with the proper amount 
Of citrate to give a final concentration of 0.8 per cent and marked to the level 
to which the blood should be added. All tests were completed within four hours 
after the blood was collected. Performance of the test was that described by 
Huddleson,' except that smears were made by the cover slip method since this 
method, in our opinion, is superior to the slide method in that less mechanical 
injury to the celb is induced when blood spreads by capiUarity rather than by 

^rom the Hixon Laboratory for Medical Research, University of Kansas, by the Boylan 

Foundation. 

Received for publication, September 8, 1941. 

1259 



1260 


THh JOUKN'AL OK LABORATOKY AXD CLINICAL AIKDICIXE 

I Ha.sting’s stain. One Inmdred 

u'hV! r arc, therefore, expressed as percentage of cells 

a hid dioired marked, moderate, weak, and negative cytopluigic acthdty. 

hvn h ^ Strain antigens were prepared by washing a seveuty- 

our culture of Brucella from liver infusion slants with saline containing 

uendcfl suspensions were strained, centrifuged, and resns- 

' 1 ' ‘■*«l>k'ens wore stored as concentrated siispensioms. The dilu- 

n uas adjusted to llIeFarland nephelometer No. 1.5 for each antigen, recorded, 
j>fiP t ^ Twenty cubic centimeters of patient’s blood were 

f !> f f tube, rimmed, and centrifuged. The serum was 

mmed and stored at 7- C. until the agglutination series could be run within 
tile next two days. 
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Chart 1. 




*3, as determined by Fosliay- 
ith 20 strains of Brucella. 


as shmvn^in ^^^eious pipettings, the agglutination test was performed 
in Diol ti o- "■ H operations 

at So! t iHcubafor for twelve hours and allowed to stand 

made T “.’1 offer ivhieh readings were 

ao-o-iutination serum dilution showing complete 

completely s!d« 


experimental results 

Charts 1 and 2 record our results. Chart 1 represents the correlation of re- 
sults of the opsonoyytophagie tests calculated by the Fosbay-LeBlane method, == 
the final results being obtained by subtracting the minimum index from the 
maximum index to determine the variation when each serum was set up against 
20 strains of Brucella simultaneousljL 




CRDtttATCO I T7IDICATE AOvLVTIUATi-iU TITLR3 
AaZli3A *-» iUOlCATC. THr//(/WaC« ANS SIRAtU cr iiiCD 


Chart 3. — Agglutination series on a single patient (BM-26), showing marked variation of ag- 
glutination titers when tested with 20 strains of Brucella. 

It is observed from the studies that there is wide fluctuation in the majority 
of instances. When there was little variation, as in the patients 17 31 32 
in Chart 1, their actual opsonocytophagic activity was almost negative; similarly 
when the re^rds of patients 3, 9, 17, 18, 25, 31, 32 in Chart 2 are’examinedi 
their agglutination titers were negative throughout. When there was only a 
difference of one tube, probably not outside the range of indimdual variation the 
titers were cither very low (1:10) or very high (1:2,560 to 1:5,120 and 1-1 fSO 
to 1 :-,560). In the analysis of Chart 2 a variation is noted in the study of’ the 
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agglutination reaction, the M’idest being from no agglutination to complete ag- 
glutination in a dilution of 640 in the case of EM-26, This is shown graphically 
in Chart 3. Tlie range of agglutination is from 0 to 1 :640. Ten strains were 
agglutinated in a dilution of 1 ;160 or above. Eight strains were not agglu- 
tinated. 

DISCUSSION 

It ivill be noted from the foregoing results that there is ivide variation 
between the agglutination and opsonocytophagic activity of the same blood taken 
at the same time and tested under the same conditions ivith the 20 strains em- 
ployed. 

A like observation was made in 1937 by Campbell and Greenfield,’ employ- 
ing four strains of Brucella in agglutination tests on patients with pyre-via in 
whom typhoid, paratyphoid, influenza, pyogenic and tubercular infections had 
been excluded. They found in one case agglutination tests varied from no com- 
plete agglutination with a mditensis strain to 1 -.1,600 complete wdth one abortus 
strain and 1 :100 w-ith another. The organism isolated from the patient’s blood 
ivas Brucella abortus. Previously', in 1932, Plastridge and McAlpine,^ who em- 
ployed agglutination absorption technique on 116 strains of abortus, indicated 
close agreement of antigenicity’ of strains, S5 per cent of which completely ab- 
sorbed agglutinins from antisera of bovine and porcine types and from one 
melitensis antiserum. In their own ivords, “No serologic differences 'were ob- 
served between bovine and porcine types of Brucella abortus, regardless of 
origin.” Feusier and Meyer,’ as early as 1920, concluded, “Strains within the 
same group do not necessarily’ act in a uniform manner when absoi’bed from the 
same antiserum. This constitutes the basis for individual differentiation. In 
several melitensis strains, for example, the range of variability was so great 
that certain strains appeared to have little in common.” Giordano,® Keefer," 
Carpenter, Boak, and Chapman,® and Foshay® mention specifically that in 
routine testing variations in agglutination titers of patients ivere marked when 
separate strains -were used to check. Agglutination absorption test and standard 
agglutination test apparently are not comparable, since from our results with 
abortus, suis, and melitensis strains we concluded that infecting Brucella strains 
must vary’ tremendously’ in antigenicity’. 

Huddleson’ states that in routine testing an antigen containing one smooth 
strain of abortus is sufficient. To determine the smoothness of the strain, the 
method of choice is the phagocytosis of the strain with Imow-n negative and posi- 
tive bloods as an index. Our strains w'ere neither thermoagglutinable nor dye 
agglutinable and y’et variation in phagocy’tie system was marked. We feel that 
variation in the phagocytic system w’as a strain difference, not necessarily asso- 
ciated with its smoothness or roughness. 

CONCLUSIONS 

1. A series of 34 patients diagnosed as having chronic undulant fever has 
been examined, employing agglutination and opsonocytophagic tests. 

2. Marked variation in both agglutinin titers and opsonocytophagic indices 
has been found. This indicates the necessity’ for standardization of Brucella 
polyvalent antigens for agglutination tests. 
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3. Testing ^vith live to ten smooth slniiiis for eytophagie activity is neces- 


sary to ol)tain reliable results. 

' 4. From our studies it wouhl appear that the diagnosis of actdc or chronic 
brueello.sis is dependent \ipon clinical oi>inion with some iiositive immunologic 
test. 
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RECOVERY OF RABIES VIRUS FROil THE BRAIN OP AN 
UNDIAGNOSED CASE® 


jMokris Sch.veffer, Ph.D., and Asx G. Leider, il.Sc. 
New York, N. Y. 


'"PHE sjTnptoms of rabies are usually so typical that ivhen accompanied a 
-*■ history of a dog bite, the case will appear to follow the classical description 
closely, and the diagnosis is rarely missed. AVhen, however, a history of a bite 
is not previously established, and a ease presents itself during a late stage of the 
disease, a correct diagnosis may then become exceedingly difScvtlt. It is possible, 
therefore, that an occasional death which follows a sjanptomatologj’ obscured by 
the lack of an incriminating history of contact udth a rabid animal, may actually 
be the result of infection with rabies virus. 

The belief has been expressed that this may occur much more frequently 
than may be supposed.'"^ An excellent illustration of such an occurrence is de- 
scribed in the following report, which deals with the isolation and identification 
of rabies virus from a case that came to the Jledical Examiner for autopsy be- 
cause the symptomatology and cause of death Avere obscure. 


>^fternoou of Feb. 15, 1940, S. G., white, 49 years old, residing on the lower East 
Side of Aew York, walked into the Columbus Hospital and asked to be admitted for observa- 
Uon^^e complained of difficulty in swallowing, which he stated was “because of poison in 


•From the Bureau of Laboratories, Department of Health 
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throat placed there by someone.” After adniis-^ion the patient became unmanageable, wiMlv 
deliriou.s, and induced emosi.s wliieli re.sultcd jii tlie vomifiii" of black fluid mixed with blood. 
The diagnosis wa.s ‘ ‘ psyohonenroais ” and “acute state of an.xiety. ” He was about to be 
transferred to the psychopathic ward at Bellevue Hospital, when he died at 10 -.00 .\.m. on 
February 16. The body was .‘submitted to the Afedical Examiner, and a post-mortem ex.nmina- 
tion was made by Dr. Eugene Clark on February 17. 

There was no evidence of Injury, e.vcept for abrasions on the dor.suni of the hands, on 
the middle finger of the right hand, and ji healing wound, irregularly shaped and IVi inches 
long, on the right index finger. The nieninge.s were normal. There was a slight subarachnoid 
hemorrhage at tlie posterior pole of the cerebrum. No niaeroscopie le.sions were found in 
the pons, medulla, or elsewhere in tlie brain, .V.-iide from a general visceral congestion, no 
special pathology could be ob.servod. Opinion a.s to tlie cause of death was, therefore, re- 
.served, pending chemical and microscopic examination. 

On the day of autopsy portions of the brain in glycerin and in 10 per cent formalin 
were submitted to us for investigation of a possible central nervous .system virus infection. 

For aid in the pathologic e.xaminafion of the fixed tissues, we secured the a.'.sistance of 
Dr. Vera B. Dolgopol, of the Willard Parker Hospital. Her opinion was: “.Section.^ from 
medulla show a number of veins with .scvenil rows of lymphocytes witliin the walls. , The 
perivascular space is free from exudate, but is markedly dilated. Some of tiie veins with 
cellular exudate are situated near the ventricular .surface, while other.® are pre.-ent on the 
lateral aspect of the medulla and near the olives. No glial nodules arc observed. The ganglion 
cells show no remarkable degeneration. The section from tlie brain .sliows marked congestion 
of veins but no va.®eular infiltration. Aliero.seopic diagnosis: bulbar myelitis.” 

Because it was inconvenient to do animal inoculations at the time the 
glycerinated brain material was received, it was washed several times in saline 
solution to remove the glycerin, then frozen and stored in a dry-ice cabinet at 
-76° C. for forty-eight hours. The portions of brain were then thawed rapidl.v 
in the incubator at 37° C., titurated in a mortar to a fine pastelike consistency, 
and suspended in broth to a concentration of about 20 per cent. The suspension 
xvas centrifuged at about 2,000 r.p.m. for ten minutes, and the supernatant fluid 
was inoculated intracerebrall.v into animals. Each of six mice received 0.03 e.e., 
each of two guinea pigs 0.25 e.e., and each of two ralibits 0.5 c.c. Cultures m 
broth Avere made simultaneously to determine the bacterial content of the sms- 
pension. The results of these inoculations and all successive pa.ssages made 
thereafter are indicated in Fig. 1. 

All material for subsequent inoculations consisted of a 10 per cent suspen- 
sion of a pool of several mouse brains or, as in the one ease indicated, of a single 
guinea pig brain. The volumes inoculated throughout were the same as those 
stated above. 

The two inoculated guinea pigs were found dead the following morning. 
Smears and cultures from the brains of these animals showed heavy bacterial 
growth, xvitb predominance of a gram-positive bacillus and fewer gram-positive 
cocci. These were also present in cultures of the original brain material. 

Fortunately, the mice resisted these contaminants, and on the ninth da.v 
after inoculation two mice became inactive and showed a weakness of the hind 
legs. Several hours later they became moribund and were thereupon promptly 
killed. Their brains were removed with aseptic precautions, a portion of each 
was inoculated into culture media and the z-emainder was fi’ozen at -76° 0. As 
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no growth was observed in tJie cultures, a 10 per cent suspension of these brains 
was prepared and inoculated into a group of ten mice. On the thirtcentli day 
a third mouse of the originally injected group of six showed symptoms similar 
to -those observed in the first two, and a suspension of its brain proving bac- 
terlologically sterile was inoculated into a group of six mice. 

The two rabbits were found dead in their cages on the eleventh and fonr- 
teenth day, respectively'. Baeteriologic examination of the brains of both these 
animals yielded negative results, and they were stored at -76° C., pending the 
outcome of the mouse passages. 

Beginning with the second passage, the mice began to show more definite 
symptoms, usually starting with paresis, rapidly developing paralysis, and 
terminating in prostration and death. Since serial passage of the brains of 
animals thus affected resulted in a clear-cut, reproducible clinical syndrome, 
we inferred that an infectious agent, probably a neurotropic virus, was involved. 

Judging from the case history, incubation period, and clinical symptoms ui 
mice, the viruses first to be considered logically appeared to be those of rabies, 
herpes, or encephalitis. 

Accordingly, the brain of one mouse in the second passage was examined for 
Negri bodies by direct smear, and two brains were sectioned for histopathologic 
study. No Negri bodies M'ere found on direct smear. The histologic sections 
showed mononuclear cuffing around small veins in the subcortical structures and 
the cortex. There was no diffuse meningitis, although occasionally groups of 
lymphocytes were present in limited areas of the meninges. A large number 
of intracellular and extracellular Negri bodies were seen in one of the sections 
of the hippocampus. 

In subsequent passages, namely, the third, fourth, and fifth, Negri bodies 
were easily demonstrated by direct smear. These were seen also in the brains of 
a rabbit and a guinea pig* inoculated Avith third ])assage mouse brain and in 
the brain of another guinea pig receiving a further guinea pig brain passage. 
None of the brains obtained in the remainder of passages was examined for 
Negri bodies. 

The finding of Negri bodies made it fairly obvious that rabies virus had been 
isolated. It was nevertheless deemed necessary to conduct neutralization tests 
in order to demonstrate the serologic specificity of this A'irus. The virus was, 
therefore, tested against an autirabic serum prepared by the injection of rab- 
bits Avith a Department of Health strain of fixed rabies virus. The serum 
definitely neutralized the isolated virus in this test, but because of the low in- 
feetivity of the virus in its third passage, further passages Avere resorted to so 
that the potency of the virus might increase sufficiently and a repetition of the 
neutralization test could be made under more suitable conditions. 

The chart of the virus passages shoAvs quite clearly that a gradual rise in 
the infectivity titer took place, starting at 10'= in the third passage to 10'“ in 
the eleventh passage. It aauII also be noted that eoi-respondingly there Avas a de- 
crease in the incubation period from nine days or more at the beginning to a 
uniform six-day incubation period in the last passage made. 


•This animal exhibited symptoms characteristic of furious rabies. It became excitable, 
vnn wildlv about in its cage, frothed at the mouth, and repeatedly attacked and bit its cage 
mate Finally after repeated convulsive seizures, it became prostrate and died. 
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A virus preparation ol)taiiie(l from a pool of eleventh i)as.sage mouse brains 
was again tested against tlie antiral)ie serum. The results of the sceond test 
fully confirmed the findings of those in the fii'st in a elear-eiit and satisfactory 
manner. 

As soon as sufficient evidence was obtained to be certain that \se had un- 
covered a case of undiagnosed rabie.s, further investigation was made by the 
Bureau of Preventable Diseases, and the following facts were elicited: 

From an interview witli tlic ^on o£ H. G. it wa.f learned tliat S. G., while at jday with hi.s 
(log on Decemher 2.3, wa.s bitten on the index linger of the right hand. ITe applied tincture 
of iodine and a bandage to the bleeding wound, but rouglit no medical advice. The son, P. G., 
was bitten on the left leg on the fame day. He also applied tincture of iodine with no further 
treatment. The dog .‘iubferpiently vani.shed and was not seen thereafter, but P. G. added the 
further information that the dog liad been ill for two day.s prior to December 2.3 with vomiting 
and “fits,” and had tried to bite people on the street. He also stated that the dog showed 
scars on it.s face as a result of h.aving been bitten by another dog two week.s previously. 

•S. G. felt well and worked as a laborer until February l.'i when he developed fever. On 
February 14 he could not drink or .swallow, had dryness of the mouth, and feared the sight of 
water. A local physician examining him that day diagnosed hi.s condition as that of grippe. 

On February 1.3 a Ho.ipital ambulance interne refu-sed to remove him to the hospital, 
stating he wa.s not sick enough for ho.spitalization. The same day .S. G. went to Columbus 
Hospital where he wa.s admitted. Death ensued the following day. 

This information, furnished by the Bureau of Preventable Di.sea.ses, served 
to complete the history of a perfectly typical ca.se of rabie.s which, baffling as it 
appeared in the beginning, might have remained undetermined and unrecorded 
were it not for the first clues obtained in the laboratory. 

To the physician and public health officer this report may be of significance, 
since it indicates the need to be more watchful for cases of unsuspected rabies 
in areas ivhere this disease is endemic. 


SUADI.VKY 

With the utilization of laboratory procedures, rabies A'irus Avas recovered 
from a person, the cause of whoso death wa.s obscure. The presence of virus in 
the brain of this undiagnosed ease was established by animal pa.ssages, by the 
demonstration of Negri bodies in the brains of inoculated animals, and by im- 
munologic methods. 

Following the recovery' of A'irus, further investigation revealed that the his- 
tory of a dog bite and other data pertinent to a typical ease of rabies also existed. 

The need to be ever mindful that such cases may occur in communities AA'here 
rabies is endemic is indicated by this report. 
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SULFONAMIDE THERAPY OP STREPTOCOCCUS INFECTIONS BY 
THE INTRAVENOUS DRIP ilETHOD^ 


With a Note ox the Toxicity of Neoproxtosil by Ixtravexous 

Admixistratiox 


JoHx A. Kouier, M.D., axd Herjiax Browx, B.Sc. 
Pphladelphlv, Pa. 

With the Techxicae Assistaxce of Axxa !iM. Rule axd Loraixe Groskix 


' I ■‘HE massive arsenotiierapy of early syphilis by the intravenous drip injec- 
tion of solutions of ncoarsphcnamine or maphar.sen over a period of five days, 
pioposed by Chargin, Leifer, and Hj'inan,’’ • has suggested that this method of 
administration of the soluble sulfonamide compounds may be useful in the treat- 
ment of sti'eptoeoceal and other septicemias. 

Hovever, since therapeutically effective concentrations of free sulfonamide 
compounds in the blood may be maintained in the majority of persons by oral 
or parenteral administration of adequate doses at suitable intervals, the indica- 
tions for their administration by the continuous intravenous drip method are 
not apparent, although ivorthy of investigation in relation to the chemotherapy 
of severe septicemia with special reference to the treatment of subacute bacterial 
endocaiditis due to infection with Streptococcus ririchius. 

In this connection it may be stated that the massive arsenotherapy of acute 
testicular syphilis of rabbits by Kolmer and Rule,^ consisting of the intravenous 
drip method of administration of neoarsphenamine and mapharsen once a day 
for five days in succession, did not prove any raox'e effective than the daily 
intravenous injection of single doses by syringe for five days in succession, or 
single intravenous injections of the compounds, as the total minimal curative 
doses in i elation to biologic cure were practically the same by all three methods 
of administration, being approximately 0.020 Gm, of neoarsphenamine or 0.005 
Gm. of mapharsen per kilogram of weight. 

experijiextal 

Rabbits were chosen for the expeidmental part of this investigation because 
of their susceptibility’’ to infection with virulent beta hemoly'tic streptococci 
of group A by' intradermal or intravenous inoculation^ and the ease with which 
solutions of sulfanilamide and neoprontosil could be injected intravenously by 
the drip method at daily' intervals. 

•From the Itesearch Institute of Cutaneous Medicine, Philadelpliia. 
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Oil the other haiul, it wius realized that rabbits arc not as suitable as mice 
for chemotherapeutic investigations in experimental streiitoeoceus infections 
witli the sulfonamide compounds largely because sulfanilamide and other sul- 
fonamide compounds arc more rapidly acetylated into compounds of reduced 
or doubtful therapeutic properties.’’ ’’ Thus Kolmer, Brown, and Rule’ luue 
observed that about S3 per cent of untreated rabbits inoculated intradermally 
and intravenously at the same time with virulent beta hemolytic streptococci 
developed suppurative arthritis, which progressed to a fatal outcome with 
positive blood and joint cultures. In a series treated with sulfanilamide by 
intravenous administration about 75 per cent developed suppurative arthritis 
with positive blood and joint cultures, all of which terminated fatally. Better 
results, however, were observed in the ti’catment of rabbits with neoprontosil 
inoculated only intradermally, which produces a severe local lesion without an 
associated septicemia.® 

The strain of beta hemolytic streptococcus (group A) employed in this in- 
vestigation was of such virulence that the intravenous injection of adult rab- 
bits, weighing from 2,000 to 2,S00 Urn., with O.S c.c. of IS-hoiir broth culture, 
regularly produced infections fatal within fourteen days with the development 
of suppurative arthritis with positive joint cultures in about 75 per cent of an- 
imals. Heart blood cultures were usually positive at daily intervals during the 
first four or five days following inoculation after which they were usually sterile. 

Table I 

Results of Tre-vtmest of Rabbits With ScLr.vKinviiiDE and Xeopf.ostosil .\DinsiSTEP.Ei> 

BY THE ISTR-VVESOUS DP.IP METHOD* 


SXJIBEP. 

BABBIT.St 


DO.SE PER 
KG. 
(GW.) 


SUP.VIV.VLS : DAYS 


XCITBEP. 
SCP.- 
1-1 I vrVALS 


nfiETil 


COilPOUKDS 


Sulfanilainicle 

Sulfanilamide 3 

Sulfanilamide 3 

Sulfanilamide 3 

M'eoprontosil 3 

Neoprontosil 3 

Neoprontosil 3 

Neoprontosil 3 

Untreated controls S ^ 

•Administered once daily for five days in succession. Each dose of both compounds rras 

in 80 C.C. of 5 per cent solutions of glucose. Time required for injections varied from 
three hours and fortj'-seven minutes to four hours and two minutes. First dose of each com- 
pound was given twenty-four hours after inoculation. 

tWeights 2.400 to 2.800 Gm. Inoculated intravenously with 0.8 c.c. of eighteen-hour 
culture of virulent beta hemolytic streptococcus. 

In one experiment 32 rabbits w'ere inoculated in this manner with 8 bein"- 
kept as untreated controls. Of the remaining 24 animals 12 were given sulf^ 
nilamide and 12 neoprontosil intravenously by the drip method at daily iater- 
vals for five days in succession, the first dose of each compound being given 
twenty-four hours after inoculation, at which time positive heart blood cultures 
were observed. The daily doses of each compound varied from 0.020 to 0.200 Gm 
per kilogram of weight, equivalent to 1.4 to 14.0 Gm. per 70 kg. of wei«ht Each 
dose was dissolved in 80 e.e. of a 5 per cent solution of glucose and given intra- 
method, each treatment requiring about four hours No 
difficulties 44 ere encountered in giving the injections by the graviti' method 
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through tlie veins of the ears, the animals being confined in a special box in a 
comfortable position witliout the need of employing anesthesia. The results are 
summarized in Table I. 

A second series of 32 rabbits was inoculated in the same manner, 8 being 
kept as untreated controls, and the remaining 24 treated with sulfanilamide 
and neoprontosil in the same dosage per kilogram of weight e.xcept that each 
compound was administered daily by intravenous injection by the syringe 
method at the rate of 5 c.e. per minute. Sulfanilamide was employed in an 
0.8 per cent solution whicli required the injection of from 6 to about 48 c.e. in 
order to administer doses of 0.020 to 0.200 Clm. per kilogram of weiglit. In the 
case of neoprontosil a stock 5 per cent solution was employed so diluted with 
sterile water that each dose was administered in a volume of 15 c.c. The results 
are summarized in Table II. 


Table II 


Eesults of TRrarT-MENT of Babbits With Solpaxil.vmide asd NeopboxtosiIj ADiii-visTFRn) 

BV TUE SYRIXGE AIeTHOB’* 


COMPOUNDS 

NUMBER 
KzUJBITS t 

DOSE PER 
KG. 
(on.) 

survivals: pays 

XUMBEB 

SUE- 

VIV-WS 

2 

I 

0 

8 

10 

14 

Sulfanilamide 

3 

0.020 

•» 

o 

3 

O 

1 

0 

0 

0 

Sulfanilamide 

3 

0.050 

3 

3 

3 

O 

0 

0 

0 

Sulfanilamide 

3 

0.100 

3 

3 

3 

3 

3 

0 

0 

Sulfanilamide 

3 

0.200 

3 

3 

3 

2 

1 

0 

0 

Neoprontosil 

3 

0.020 

3 

3 

3 

o 

0 

0 

0 

Neoprontosil 

3 

0.050 

3 

3 

3 

0, 

0 

0 

0 

Neoprontosil 

3 

0.100 

3 

3 

3 

2 

1 

0 

0 

Neoprontosil 

3 

0.200 

3 

3 

3 

3 

2 

0 

0 

Untreated controls 

8 

- 

8 

8 

7 

0 

o 

o 

0 

0 


once daily for nre days in succession, Eacli dose of sulfanilamide was 
aissolvea in 6 to 48 c.c. of 5 per cent solutions of glucose. Each dose of neoprontosil was pre* 
pared of a stock 5 per cent solution diluted with sterile distilled water to a total volume of 
c.c. First dose of each compound was given twenty-four liours after inoculation. 

fWeiglits 2,000 to 2,400 Gm. Inoculated intravenously with 0.8 c.c. of eighteen-hour broth 
culture of virulent beta hemolytic streptococcus. 

Detei’minations of free sulfanilamide in tlie blood were made about one hour 
after the completion of the second treatment by both the drip and syringe 
methods of administration, and about two hours after the fourth treatment by 
both methods. Tiie average results are summarized in Table III. It will be 
noted that the concentrations after the syringe method of administration were 
frequently higher than after the continuous drip metliod of administration, 
probably because of greater elimination of both compounds during the four 
hours required for their administration by the latter metliod. 

TOXICITY OP SULFANILAJHDE AND NEOPRONTOSIL BY INTR.VI’ENOUS 
ADAIINISTEATION 

Toxicity of Sulfanilamide. — Sulfanilamide was well borne bj* both methods 
of administration. All of four normal I'abhits given the compound in doses of 
0.020, 0.050, 0.100, and 0.200 6m. per kilogram, respectively, at daily intervals 
for five days in succession by the intravenous drip method in the same manner 
as employed in the therapeutic exiieriments, survived indefinitely^, with no clin- 
ical evidences of toxicity. The same was true of four normal controls given the 











k„u,k.. “■ 

«„„„. iu sinuu. ta».o ;lauy Jo. Bvc^^ m ^™X 

„<,.U„a «( Jt-r. to tlJ in.n.veno.. i,.- 

51 aluiia'l and o.har compomula, p.ol,al..v l.cea..c the 

salfamlamWc was ailmiimtavaJ in a.. O.S not tout aoliltio . 

Table III 

COXc'ESTltATIONS OK FBEE SfLFANIL.VMlDE IK THE BLOOD 


coiirouxDs 


Sulfanilamide 

Sulfanilamide 

Sulfanilamide 

Sulfanilamide 

Sulfanilamide 

Sulfanilamide 

Sulfanilamide 

Sulfanilamide 

Xeoprontosil 

Xeoprontosil 

Kcoprontosil 

Xeoprontosil 

Neoprontosil 

Xeoprontosil 

Xeoprontosil 

Xeoprontosil 


BOSE I'EB KG. 
(OM.) 


O.OdO 

O.OdO 

0.050 

0.050 

0.100 

0.100 

0.200 

0.200 

0.020 

0.020 

0.050 

0.050 

0.100 

0.100 

0.200 

0.200 


Mirriion or ab- 

StlXISTlLVTIOX 


Drip 

Syringe 

Drip 

Syringe 

Drip 

Syringe 

Drip 

Syringe 

Drip 

Syringe 

Drip 

Syringe 

Drip 

Syringe 

Drip 

Syringe 


.U'EIUOE BLOOD COX'CEN'TIl.V- 

tiok .wteb 


2.S'D BOSE 


1.1 
2 2 

3.5 
1.0 

4.0 

1.5 
12.05 

7.1 
0.5 

1.5 
0.5 
0.5 
0 

0.5 

O.S 

3.6 


4T1I BOSE 


3.1 

1.2 

3.1 

1.2 
3.7 
1.0 
5.3 
5.0 
0 

O.S 

0.5 

0.5 

0.5 

0.8 

Xegative 

1.8 


•Milligrams per 100 tw houl-s"^^^^^ by“t^he">-Hnge meThol 

Toxicity of Neoprontosil.-Oi particular intere.st. howevj, was the fact 
that neoproutosil was likewise well borne by intravenous injection All of four 
normal rabbits given 0.020, 0.050, 0.100, and 0.200 Gm. per kilogram, re- 
respectivcly, at daily intervals for five days in succession by the intravenous drip 
method in the same manner as employed in the therapeutic tests, survived 
indefinitely with no clinical evidences of toxicity. The same i^s true of four 
additional animals given the compound in the same dosage daily for days 
in succession by the syringe method of administration, each dose being diluted 
with sterile water to a total volume of 15 c.c. 

However since neoprontosil is not customarily administered to human be- 
ings by intr’avenous injection, we have thought it advisable to conduct ad- 
ditional toxicity tests by this route of parenteral administration. 

For this purpose normal rabbits were given neoprontosiH intravenously 
in 5 per cent solution tivice daily (10 a.m and 3 p.m.) for eight days in succession 
in doses of 0.1, 0.2, 0.5, and 1.0 Gm. per kilogram by syringe injection, two an- 
imals being used for each dose. The total daily dosage varied, therefore, from 
0.2 to 2.0 Gm. per kilogram or from 1.6 to 16.0 Gm. per kilogram over the eight 
days of administration and equivalent to from 14.0 to 140.0 Gm. per day for a 
human adult weighing 70 kg. As shonm in Table lY, all animals survived in- 
definitely except one which died after six doses of 1.0 Gm. each or a total of 
6.0 Gm. per kilogram over three days of administration. 

•We are Indebted to the Department of Medical Research, Winthrop Chemical Company, 
for kindly supplying the compound. 
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All sm-vhdag- animals were killed one week after the last dose and micro- 
scopic examinations were made of the liver, spleen, kidneys, and sternal bone 
marrow of each. No pathologic tissue changes were found in the sections of the 
spleens or bone marrow. The livers of two animals showed slight cloudy swell- 
ing with perilobular congestion, but no fatty degeneration, or necrosis of the 
periphei’al lobular cells. The kidney.s of onb^ one animal showed some dilatation 
of the convoluted or collecting tubules associated with tubular necrosis of minor 
degree. The liistopathologie changes, therefore, were much less marked than 
observed by Rake, VanDyke, and Corwiid® following the oral administration of 
sulfathiazole and sulfapyridine to mice, rats, and monkej’S and also less than 
observed by Kohner, Rule, and Groskin” following the oral administration of 
sulfathiazole and sulfathiazoliue to rabbits. 


T.\m.e IV 

Toxicity of Neoproxtosil for R.vbbits bv I.xtrave.xocs Ao.ui.viSTB.mo.v 


WEIGHT 

(Gil.) 

G-M. per 
KG. 

TWICE 

OAIIA'^ 

TOTAL 

(GM.) 

UESVI.T& 

BLOOO 

1st pose 

.'OXCEXTIM 

31!I) dose 

TIOXS (,M 

5T1I DOSE 

s. ter 100 

Otii pose 

c.c.) 1 

~T5Tn~ 

COSE 


■BlHi 

1.0 

■Survived 

0.10 

0.12 


0.10 

0.14 

1,9S0 


1.0 

Survived 

Negative 

Negative 

o.os 


0.04 

1,850 

■SIB 

3.2 

b'un’ived 

0.10 

0.10 

0.24 

0.24 




3.2 

Survived 

Negative 

0.12 

0.10 



1,750 

0,5 

8.0 

Survived 

0.28 

0.32 

0.30 

0.40 



0.5 

S.O 

■Survived 

0.2S 

0.28 

0.30 

0.3S 

0.32 


1.0 

0.0 

Pied 4 th d.-i}' 

0.40 

0.72 


0 

0 

1,700 

1.0 

10.0 

Survived 

0.50 

0.50 

0.50 

0.00 

0.01 


•At 10 A.M. and 3 P..M. for eight days in succession : 5 per cent solution of neoprontosll 
was employed. 

tPetermlnations were made four hours after administration. 


Total erythrocyte and leucocyte counts were made just hefoi-e and four 
hours after the second, sixth, tenth, and sixteenth doses in each rabbit. Allow- 
ing for ph 3 'siologie variations in different animals, the results have shown no 
effect upon the erythrocytes and lencoeytes of those given 0.2 and 0.4 Gm. per 
kilogram per day. In those animals given 1.0 and 2.0 Gm. per kilogram per day 
a slight but definite decrease of the total eiythrocytes per cubic millimeter of 
blood was noted, especially in the case of the animal that died after six doses 
of 1.0 Gm. each per kilogram, in which the total erythroe.vtes had dropped from 
6,070,000 per cubic millimeter before the first dose to 4,200,000 four hours after 
the sixth dose. None of the animals, including that which died, sliowed a leuco- 
peiiia ; on the contrary, most of them showed a tendency to slight lencoc^dosis. 

Blood examinations for the determination of free sulfanilamide were made 
four hoiu’s after the first, third, fifth, and fifteenth injections of the compounds 
in each rabbit. As shown in Table IV, the concentrations Avere quite low, evi- 
dentB'’ due in part to rapid acetjdation, and usuall,v much less than those ob- 
served one hour after administration, shown in Table III. 

Agglutination tests in vitro, emplo 3 'ing 1 c.e. of a 1 per cent suspension of 
AAmshed human eiythrocytes with amounts of 5 per cent solution of neoprontosil, 
vaiying from 0.1 to 1.0 c.e., and the addition of ph 3 ’-siologie saline solution to a 
total volume of 2 c.e. shoived some agglutination (-}- to + + +) upon mieroseopie 
Axarainatioii of each mixture after incubation in a water bath for tiAm hours at 
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37° C., but in .spile of (iiis evidont’c of tlic iiggliltiiuilioii of waslied erylliroo) ios 
ill vitro no eliju'vai eviiieiiee.s of iiilruvuseular agglut illation or Iieinoiy.si.s Mcie 
apparent in vivo ui (lie ease of rabints, probalily beeausc of the protection af- 


forded by the plasma proteins. 


THKKAfKUTIC IlI'l-SUnTS IN' TIIK 'rUn.Vl’.MKNT 01' UABHITS 

As shoivn in Tables I and II, both snlfauiltnnidc and neoprontosil admin- 
istered once daily for live days in succession by the intravenous drip and .sj’ringe 
methods of administration proved inelVcetive in the treatment of rabbits inocu- 
lated intravenously with virulent beta hemolytic streptococcus. All treated 
animals, including 16 luitrealcd controls, died within a period of fourteen days. 
AH developed suppurative arthritis with positive joint cultures at the time of 
death. 

These results ivere not unexpected in the ease of those animals given the 
compounds intravenously once a day by syringe injection in view of the un- 
favorable resvdts previously observed following the oral administration of 
sulfanilamide to rabbits developing this type of streptococcus infection.' The 
main purpose of the investigation was to determine whether or not better results 
could be secured by the intravenous drip method of administration, but such ha.s 
not been observed in these experiments. It is likely tliat failure of treatment by 
both methods of administration was largely due to the lack of maintenance of 
therapeutically effective concentrations of free sulfanilamide in the blood be- 
cause of rapid acetylation of sulfonamide compounds by rabbits, along with the 
fact that only single doses were given once daily for five days in succession. 
It was hoped, however, that the intravenous drip method of administration, 
covering a period of about four hours for the injection of each dose, might prove 
supei’ior, but such has not been observed. 


THERAPEUTIC RESULTS IX THE TREAT-MEXT OF HUJIAX BEIXGS 

Both sulfanilamide and neoprontosil, however, may be safelj' administered 
to human beings by the Intravenous drip method. The same is true of the 
soluble sodium salt of sulfapjwidine. At least one of us (J. A. K.) has admin- 
istered sulfanilamide by this method to five adult patients with severe surgical 
hemolytic streptococcus septicemia in whom oral administration was unsatis- 
factory because of nausea and vomiting. There were no apparent ill effects. 
Each treatment consi.sted in the intravenous injection of a mixture of 600 e.c. 
of 0.8 per cent solution of sulfanilamide in sterile saline solution diluted with 
600 e.e. of 5 per cent solution of glucose at the rate of about 200 e.c. per hour 
covering a period of about six hours. This administered 4.8 Gm. and the in- 
jections were repeated at intervals of six hours (two per tiventy-four hours, 
totaling 9.6 Gm.) for five days in succession. The therapeutic effects were very 
prompt and aU recovered. 

Three additional eases of postabortal hemolytic streptococcus septicemia 
were treated in the same manner with neoprontosil with no apparent ill effects 
and with complete recoveries. Each treatment consisted of the intravenous drin 
administration of 100 e.c. of a 5 per cent solution of neoprontosil diluted with 
i,iuu C.C. ot 5 per cent glucose solution given at the rate of about 200 c c per 



1274 


THE JOURXAL OF LAIJORATORV AXD CUXICAL ilEDICTXE 


hour over a period of about six hoiu-s (5 Gm.). The injections were repeated 
at intervals of six hours (two per twenty-four hours, totaling 10 Om.) for five 
daj's in succession. It is true that neoprontosil has not been customarily admin- 
istered by inti'a venous injection, since it is stated that this frequently produces 
nausea, vomiting, and immediate bowel movements,'- but such were not ohserved 
following the intravenous drip administration of the compound in our three 
cases by the method employed. 

Sodium sulfapyridine has been given to two adult patients with subacute 
bacterial endocarditis due to infection with Streptococcus viridans with two to 
four positive blood cultures, respectively, before the institution of treatment. 
Each treatment consisted of the intravenous drip administration of 4 Gm. of the 
compound dissolved in 1,200 c.c. of sterile .saline solution at the rate of about 
200 c.c. per hour over a period of about six hours. The injections were re- 
peated at intervals of six hours (two per twenty-four hours, totaling 8 6m.) 
for eight days in succe.ssion. There were no ill effects, although one patient de- 
veloped a very mild hematuria on the sixth day of treatment which may liave 
been due to the compound. At the completion of tlie course treatment was con- 
tinued for twenty-foiu' da 3 's bj' oral administration of sulfapjuddine combined 
with the intravenous injection of tj-phoid-paratyphoid vaccine every three days 
for eight doses, for the production of fever. In .spite of temporarily negative 
blood cultures, both patients ultimate^ died of the disease. 

SiniJfARY 

1. The intravenous drip administration of sulfanilamide and neoprontosil 
in doses of 0.020 to 0.200 6m. per kilogram once a day for five days in succes- 
sion was well borne by rabbits with no evidences of toxicity. 

2. The intravenous injection of neoprontosil to rabbihs bj’’ sj^ringe in doses 
of 0.1 to 1.0 Gm. per kilogram twice dailj’ for eight daj's in succession was well 
borne with no clinical evidences of toxicity. 

3. The intravenous drip administration of sulfanilamide in dose of 4.8 Gm. 
(600 e.e. of 0.8 per cent solution diluted with 600 c.c. of 5 per cent glucose 
solution) at the rate of 200 c.c. per hour for sLx hours, repeated eveiy six hours 
(two injections per twenty-four hours) for five days in succession, was well 
tolerated by human beings with hemolytic streptococcus septicemia and gave 
excellent therapeutic results, 

4. The intravenous drip administration of neoprontosil in dose of 5 Gm. 
(100 c.c. of 5 per cent solution diluted with 1,100 c.c. of 5 per cent glucose solu- 
tion) at the rate of 200 c.c. per hour for six hours, repeated eveiy six hours 
(two injections per twenty-four hours) for five days in succession, was well tol- 
erated by human beings with hemolytic streptococcus septicemia and gave ex- 
cellent therapeutic results. 

5. The intravenous administration of sodnim sulfapyridine in dose of 4 Gm. 
dissolved in 1,200 c.c, of phj^siologie saline solution at the rate of 200 c.c. per 
hour for six hours (two injections per twenty-four hours) for eight daj^s in 
succession was well tolerated by two cases of subacute bacterial endocarditis due 
to infection with Streptococcus viridans but with unsatisfactory therapeutic 

results. 
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6. The intravenous drip and syringe methods of administration of sulfa- 
nilamide and neoprontosil in doses of 0.020 to 0.200 Gm. per kilogram of weight 
once a day for five days in succession proved ineffective in the treatment of rab- 
bits inoculated intravenously with virulent beta hemolytic streptococcus and 
developing supjiurative arthritis witli septicemia. Failure was largely ascribed 
to rapid acetylation of the coinpouiuLs resulting in therapeutically ineffective 
concentrations of free sulfanilamide in the blood. 
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THE CHEJrOTHERAPEUTIC STUDIES OP 2-SULPANILYL.3-5 
DIHYDROTHIAEOLE (SULPATHIAZOLINE) ® 


frEORGE W. Raiziss, Pii.D., M. Severac, jM.D., axd J. C. Moetsch 


S ULFATHI AZOLINE,’ ehemieally 2 -( 2 i-aminobenzenesulfonyl)amiuothiazo- 
line, 

S] :CH.. 

! 'i 

NILCJ-I,S0.NH-~C2 jCIL 

Wl./ 

differs from sulfathiazole in tliat tlie double bond in the latter, between carbon 
atoms 4 and 5, is satnz’ated by the addition of an hydrogen atom to each of these 
carbon atoms. It is a colorless, crystallizie eompotmd, sparingly soluble in 
water’, soluble in dilute mineral acids and alkalies. It has a melting point of 
207 to 209° C. 

TOXICITY 


j\liee tolerate more tlran 20 Gm. per kg, of body weight of sulfatliiazoline 
given orally (Table I). 


Table I 


Toxicity of SulfatiHiVzoline axd Sulpathuzole Admixistered to Mice pee Os 


Drugs Given in a 10 Per Cent Gum Aeaci.a Suspension 


DRUG 1 

dose per ko. 

xo. of 

j SURVIVALS 

(Gif.) 

AXIMALS 

NO, 

1 per cext 

Sulfatliiazoline I 

10.0 


20 



15.0 


25 



20.0 


10 

OS 

Sulfathiazole 

10.0 

20 

16 

80 

i 

15.0 

21 

IT 1 

! 71 

1 

20.0 

20 

15 1 

75 


Table II 


Toxicity op Sx’lfathiazoline and Sulfathiazole .-Vdaiixisteked to Rabbits per Os 
Drugs Given in 'Water Suspension 


j 

DRUG ' 

DOSE PER KG. i 

NO, Oi'-’ 

1 SURVIVALS 

(G3f.) 1 

ANIMALS i 


j PER CEXT 


Suiiathiazoiine 


12 







t)o 


■ 

86 

Sulfathiazole j 

! -i-o 1 

9 

0 1 

06 


According to Table II, sulfathiazoliiie was tolerated by 86 per cent of 
rabbits which received 4,0 Gm. per kilogram. Sulfathiazole, on the other hand, 
was tolerated by 66 per cent of rabbits xvhich received 4.0 Gm. per kilogram. 

•From the Dermatolosical Research Laboratories. Philadelpjiia. Division of Abbott 
Laboratories, Nortii Chicago, 
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Five dogs were given suil’iitluuzoiiue by mouth iti a dose of 1.0 Gin. each 
daily foe tifty days, and no diaeiliea or vomiting was observed in any ease. 
The dogs survived the iifty-day olxservation period and did not lose any weight 
(Table III). * ' . 

T.vble hi 


To.vicitv or Sui.r.\Tin.\7.oi.iNE ix Docs Givex Oeally 


NO, Qi ' DOG 

WKIGIIT IN' LU. j 
I WUirX TEST WAS 
STAKTED 

WEIGHT IN* Ut. 
WHEN' TEST WAS 
tT>iU*LETEl> 

DAILY DOSE 
(GM.)* 

TOTAL GlVEX 
(GM.) 

1 


gi 


50 1 

2 


14 

1.0 

50 

3 


2ii 

1.0 1 

50 

-t 


211/, 

1.0 

50 

5 



1.0 

50 


•Daily dose of 1.0 Gin. for 50 consecutive days. 

tXo diarrhea or vomiting was ob.sorved in any of the animats. 


KolmeF found that sulfathiazoline, in doses of 0.05, 0.1, and 0.2 Gin. per 
kilogram twice daily for ten days in succession (20 doses) by oral administration, 
was well tolerated by rabbits. 

No macroscopic or microscopic injury of the meninges, brain, or spinal cord 
of any of the animals, including those receiving the largest amount of the com- 
pound, was found. 


No gross or microscopic injury of the kidneys, liver, or spleen in a dose of 
.0.05 Gm. per kilogram twice daily for 20 doses was observed. 

There was evidence of slight injury of the kidneys, liver, and spleen in 'the 
ease of some animals given a dose of 0.1 Gni. per kilogram orallv twice dailv for 
20 doses. 

We made comparative studies of sulfathiazoline and sulfathiazole in refer- 
ence to blood concentrations. The perusal of figures in test A shows a figure 
of 2.59 to 1.11 mg. per cent for sulfathiazoline. For sulfathiazole we found 
the blood concentration ranging from 3.2 to 1.19 mg. per cent. When a higher 
dose, namely, 0.5 Gm. per kilogram was given, the blood levels, two hours a°fter 
injection, were considerably higher (Table TV). 

Therapeutic Effect in Pneumococcus Types II and III.— In these experi- 
ments mice were infected intraperitoneally nith 10 to 200 il.L.D. of types II or 
HI pneimiococeus, of which the average minimum lethal dose was 0.5 c.e. of 
1 :1, 000, 000 to 1 :10,000,000 dilution of broth culture. 


The drugs were given by mouth in a dose of 10 mg. three times daUv at 
9 -V.M 0 P.M., and 12 p.m. for five days; at 9 a.w. and 5 p.w. on the sixth day 
and at 9 a.ii. on the seventh day, a maximum of IS treatments. Prom Table V 
which presents a summary of the results obtained in several experiments one 
should note that at the end of four days the percentage of survivals was higher 

end of the seventh day, however, the percentage of suryvals is hi-her for 
sulfathiazole than tor sulfathiazoline. Tlie former shows 19 ner cent • i 
aud tha lattc,, 14 .4., ,„d ta aBty-eiata dai 5 1. ?, , 7 ?' 

tliiazole-treated mica survived asaiiist 2 per cent for sliltatliiLiiue 

III p«e„„.«eoee.e ,uiee«„„ pereeMa-e sundvaU 
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Table IV 

Blood Levels is ilicE 


1 SULF.VTill.VZOLINE 

SULP.VTIIIAZOLB 



BLOOD 




I.NTEBVAL IN HOURS 

LEVELS 


INTERVAL IS HOURS 


AT WHICH AXIH.VLS 

CALCUIAVTED 

MOUSE 

AT WHICH ANLMALS 


^\’^:KE ICrLLKD 

IN MO. % 

xo. 

WERE KILLED 




COXJ. 



1 


2.49 

None 

lia 

o* 

2 

o 

2.39 

None 

mm 

o 

» 

o 

4 

1.36 


■ 9 

4 

4 

4 

1.87 


14 

4 

5 

6 

1.40 

None 

15 

6 

6 

6 

1.18 

None 

10 

6 

7 

S 

1.30 

None 

17 

8 

s 

8 

1.11 

None 

IS 

S 

9 

24 

1.19 

None 

19 

24 

10 

24 

1.24 

None 

20 

24 

1 

2 (After 1st dose) 1 

0.71 

1.14 

13 

2 (After Ist dose)! 

2 

2 (After 1st dose) 

7.14 

2.28 

14 

2 (After 1st dose) 

3 

4 (After 1st dose) 

2.43 

1.21 

15 

4 (After 1st dose) 

4 

4 (After 1st dose) 

2.43 

None 

16 

4 (After 1st dose) 

0 

6 (After 1st dose) 

2.86 


17 

6 (After 1st dose) 

It 

6 (After 1st dose) 

2.14 

■IJWf 

IS 

6 (After 1st dose) 

7 

15 (After 2ud dose) 

1.81 

IKS 

19 

15 (After 2nd dose) 

8 

15 (.After 2Qd dose) 

0.86 

0.28 


15 (After 2nd dose) 

9 

2 (After 3rd dose) 

3.14 

1.29 


2 (After 3rd dose) 

10 

2 (After 3rd dose) 

•1.57 

0.86 


2 (After 3rd dose) 

11 

4 (After 3rd dose) 

3.00 

3.08 

23 

4 (After 3rd dose) 

12 

4 (After 3rd dose) 

2.07 

1.14 

24 

4 (After 3rd dose) 

1 

2{ 

5.35 

None 

13 

24 

2 

O 

KSIifl 


14 

2 

3 

4 

1.33 

None 

15 

4 

4 

4 

1.92 

None 

16 

4 

5 

6 

0.93 


17 

6 

6 

6 

O.SS 


IS 

6 

7 

S 

0.52 

0.25 

19 

8 

8 

S 

■isia 

0.25 

20 

8 

9 

12 

i 0.73 

None 

WM 

12 

10 

12 

WOBIIM 

None 


12 

11 

24 

0.77 



24 

12 

24 



24 

24 


TEST 


B 


UlOOD 
LEVELS 
CALCULATED 
IS MG. % 


FBEE I CO.SJ. 


15.S8 

7.C6 

5.20 

4.34 

e.71 

6.57 

0.74 

1.03 

11.01 

8.S2 

3.S0 

7.33 


12.S6 

9.40 

3.27 

6.43 

3.63 

2.20 

0.45 

0.72 

0.31 

0.33 

0.7S 

n.4S 


uiiu v.wu;; ijjji., wiilcn IS approxiniu.iuj> u . j . ..t*.*. i--- 

raro of body weight, in 10 per cent gum acacia solution. 
tEach dose administered was of 0.010 Gm. per os in a 10 per cent gum acacia solution. 
1st dose given at lO A.sr. 

2nd dose given at 4 p.M. 

3rd dose given at 10 a.m. next day. 

lEach mouse received one do.se of 0.010 Gm. per os in a 10 per cent gum acacia solution. 


Table V 


Thebapeutic Effect in Types II and III Pneumococcic Infection in Mice 


TYPE OP 
PNEUMO- 
COCCUS 

DRUG 

i 

XO. MICE 
USED 




1 1 1 

2 

3 

^ ! 

5 

6 

7 : 

■CT 

M 

28 

II 

Sulfatliiazoline 

170 


100 

90 

78 j 

48 

24 

14 



2 


Sulfatliiazole 

105 


95 

85 

73 I 

54 

33 

19 

6 

I 0 

5 


Controls 

101 

15 i 

0 







1 


III 

Sulfatliiazoline 

31 

nmi 

86 i 


35 j 

26 

13 

3 

3 

3 

3 


Sulfatliiazole 

33 

94 

82 


27 1 

18 

15 

6 

3 

3 

3 


Controls 

25 

48 

48 


0 i 



I 



__ — 

























































UAiziss i;t al. : oiikmotiikuai'KUTic studii^s of sulfatiiiazoune 1279 

thiazoline at the end of live days; i.o., 26 per cent for sulfalliiazohne and 18 
per cent for suU’athia/.ole. At the end of liic t\venty-ei;jhtli day the percentage 
of survivals is eipial for both drugs. 


TllEU.VPl'.UTIC ICl'FECT IN ST.VPUYLOCOCCUS AUUEUS INFI'XTIONS IN JIICE 

lilice were infected intravenously (saphenous vein) with 0.2 c.c. of a dilute 
saline suspension of F.D.A. strain No. 209 Sl(tphijIococcu:i aureus. Prior to the 
experiment the strain was passed through mice four times, the abscessed kidneys 
of the infected animals being removed at the time of death and recultured on 
plain agar. This increased the virulence of the strain so that 100 per cent of a 
series of at least 25 mice were killed within one to five days as a result of in- 
fection. 

The mice were treated one and one-half, seven, twenty-four, and thirty- 
two hours after infection, then once daily for fourteen days, a total of 18 treat- 
ments per os. From Table YI one can see that the percentage of survivals for 
sulfathiazoline at the end of four days was 100; for sulfathiazole, 8-1. At the 
end of fourteen days the percentage of survivals for sulfathiazoline is higher 
than that for sulfathiazole — IS per cent as compared with 28 per cent. At the 
end of twenty-eight days 4 per cent of sulfathiazoline-treated mice survived 
as compared with 8 per cent of sulfathiazole. 


T.ujle VI 

Thekapeutic Effect in Staphylococcus Auueus Infections in Mice 


DRUG 

N'O. OF 
MICE 
USED 



PERCENTAGE OP 

SURVIVALS, DAYS 



F 1 

2 1 

1 ^ 1 

1 ^ 1 

0 

6 

7 1 

14 

21 

28 

Sulfatliiazoline 

23 



■n»| 

■nli» 

90 

88 

80 1 

48 

4 

4 

Sulfathiazole 

25 

Wtlil 

88 1 

88 1 

84 

SO 

76 


28 

16 

8 

Coatiols 

25 


96 

80 

16 

0 


■1 





These results represent a summary of 5 individual experiments. 


CONCLUSIONS 

1. ^Yhen tested on mice, rabbits, and dogs, sulfathiazoline proved to be 
lower in toxicity than sulfathiazole. 

2. The therapeutic effect of suKathiazoline in mice with type II and III 
pneumococcic infection Avas about the same as that observed AAoth sulfathiazole 

3. The percentage of survivals of mice infected Avith Staphylococcus aureus 
and treated Avith sulfathiazoline Avas found to be higher in the first fourteen 
days of observation, Avhile in periods of tAventy-oue and tAventy-eight days 
sulfathiazole shoAved more survivals. 
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THE SURFACE AREA OF THE HUTHAN ERYTHROCYTE* 


Mollie Behxsteix, il.T., and Herman' U . Chesluk, H.D. 
Eloise, Mich. 


TN THE study of the anemias it has been eiistomaiy to consider the amount 
of hemoglobin, tlie number and size (volume and diameter) of the red blood 
cells, and the relationship between tliem. All this is based upon the assumption 
that the hemoglobin is evenly and diffusely distributed throughout the cell 
mass. However, evidence has been brought forth to show that the molecules 
of hemoglobin are deposited on the surface of the cell rather than within the 
ce od^. If this were the ca.se, one might indeed imagine that this would 
ineiease the efficiency of hemoglobin as an oxygen carrier, its chief function. 

mraons, after determining and comparing the red blood cell count, volume, 
tiixclaiess area, and the hemoglobin content of several species of animals, showed 
that, although these values varied considerably in different species, the total 
surface area of the red cells per unit volume of blood was I'cmarkably constant 
in ail of tliem. This fact also would favor the concept that hemoglobin is 
um e ® suifaee of the cell. The surface area then would seem to be an 
nnportant factor in evaluating oxygen-carrying efficienev of the red blood cells 
in a ease of anemia. 

The earliest attempt to calculate the surface area of the red cell was by 
Burker,= who used the formula A = (Z) representing the diameter), neg- 

lecting the thickness of the cell and assuming the cell to be flat. Values thus 
obtained were, on the face of it, untrue, since they were less than that of a 
sp leie 0 t le same \o ume the form that displays the smallest area per volume. 

If we assume the erythrocyte to be a short cylinder or flat disk, the area can 
be computed mathematically by a simple formula. luiowing the diameter, we 
can determine the top surface area by the formula :rr= (r representing radius). 
The area around the cell is equal to the eireumference (27rr) multiplied by the 
thickness. Since the volume equals the top area multiplied by the thickness, the 

latter can be computed by dividing the volume by the top area, or T = ■— 

(T representing thickness and U representing volume). The total area is tJL 
the area of the lop surface plus that around the cell. The formula then would 
be A = 27rr= + 27rrT or A = 2:rr (r + T). 

The led cell, howeiei, has a characteristic curved configuration and so would 
exhibit a laigei area. B 3 the use of Guldin^s theorems of Integral Calculus, 
Emmons= computed the surface area for several species of aumiall The neces- 

•From the Department of internal Medicine. William J. Seymour Hospital. Eloise. 
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sary values had to bo ahtiiined by aehially eonstnieting models o£ ihe red veils 
and taking direet lueasuremeuls. Sueh a methoil Is obviously a very laborious 
and inipraetieal one. If the above-iueiitioiied formula would give elose enough 
results, we would have a very simj)le and praetieable motliod. 



The object of this work is to develop a simple method of determining and 
establishing the normal value for the surface area of the human erythrocyte. 
This can then form a basis from which many of the hematologic relationships 
and implications can be investigated. We studied a series of 50 normal yovng 
adults (doctors, nurses, and hospital attendants), 27 males and 23 females'” AU 
the determinations were done on venous blood. The anticoagulant used was 
prepared according to the method of Wintrobe a.s folloivs; 0.6 Gm. of am- 
monium oxalate and 0,4 Gm. of potassium oxalate was dksolved in 100 c.c. of 
water. One cubic centimeter of this solution was placed in each test tube, and 
the tube was then di-ied in the oven. This amount of anticoagulant was’used 
for 10 c.c. of blood. The hemoglobin was determined by the Hadeu-Hausser 
method (100 per cent -= 15.8 Gm. per 100 c.e.). The hematocrit was determined 
by the Sanford-iMagath method. Cell measurements were made mth the filar 
micrometer mea-suring to within 0.5 microns. Thickness was computed bv divid- 
mg the mean corpuscular volume by -r^ r being the mean radius of the cell 
the tormula used to compute the surface area was 1 = ’ 

UnipVnocc — r oeing tne 


Table I represents our figures and results. The s-urface area of the entire 
t,.„„ 129.09 no 50 ave,a-e beS 
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Table I 

Hejiatologic V.V.LCE.S IX This Stebv 


SO. 

XAME 

K.B.C. 

COUNT 

(MIL- 

LIONS) 

HB, 

(GM.) 

iiem.vto- 

CRlT 

(C.C.) 

MEAN 

conryscu- 

LAi: 

VOLUME 

(CUBIC 

Minwss) 

wametek 

(MICIiO.VS) 

TinCKXESS 

(wicao.vs) 

SURFACE 

AREA 

(.SQUARE 

MICRONS) 

1 

L. K. 

4,53 

■iMm 

36.5 

80.6 

7.46 

1.84 

130.45 

9. 

3.11. 

5.03 

14.11 

44.0 

87.5 

7.14 

2.18 

129.09 

3 

E. L. 

4.48 

13.85 

43.5 

97.1 

7.64 

2.12 

142.56 

4 

C. G. 

4.98 

13.06 

42.5 

85.3 

7,59 

1.88 

135.23 

0 

11. U. 

4,72 

13.85 

42.5 

90.0 

7.73 

1.92 

140.10 

6 

E.A. 

4.66 

13.77 

40.0 

85.8 

7.66 

l.SO 

137.00 

7 

M. F, 

4.81 

12.80 

41.0 

85.2 

7.62 

1,87 

135.86 

8 

a. K. 

4.43 

12.93 

40.0 

90.3 

7.84 

1.87 

142.50 

9 

11. F. 

4.45 

12.2.8 

39.5 

88.8 

7.13 

2.23 

129.35 

10 

H.L. 

4.64 

13.00 

43.0 

92.7 

7.38 

2,17 

133.43 

11 

11. H. 

4.32 

12,00 

41.0 

94.9 

7.43 

2.2-Jt 

138.84 

12 

A. S. 

4.67 

13.00 

42,0 

89.9 

7.39 

2.10 

134.44 

13 

E. K. 

4,03 

13.00 

42.0 

90.7 

7.*i 7 

2.12 

134.62 

14 

K. 11. 

4.46 . 

12.50 

41.0 

91.9 

7.23 

2.24 

130.38 

15 

11. H. 

4.51 

13.00 

43.0 

95.3 

7.35 

2.25 

136.70 

16 

11. E. 

4.58 

12.50 

41.0 

89.5 

7.35 

2.10 

133.58 

17 

J.ll. 

4.52 

12.50 

42.0 

92.9 

7.26 

2.25 

133.91 

18 

A. S. 

4.07 

13.00 

44,0 

94.2 

7.44 

2.17 

139.59 

19 

L. B. 

4.32 

13.00 

42.0 

97.2 

7.0-1 

2.20 

140.18 

20 

G. 0. 

4.63 

1,3.00 

42.0 

90.7 

7.39 

2.11 

139.00 

21 

D. C. 

4.45 

12.00 

39.0 

87.G 

7.19 

2.16 

129.85 

22 

B. B. 

4.80 

13.50 

44.0 

91.7 

7.58 

2.02 

138.89 

23 

11. E. 

4.S4 

13.00 

43.0 

88.8 

7.13 

2.20 

129.85 

24 

H.C. 

5.13 

14.50 

47.0 

91.6 

7.16 

2.27 

131.51 

25 

K. C. 

4.74 

13.50 

44.0 

92.8 

7,42 

2.14 

130.51 

26 

F. IV. 

4.96 

14.00 

47.0 

94.8 

7.00 

2.10 

140.77 

27 

A. A. 

5.07 

14.00 

48.0 

94.7 

7.20 

2,32 

133.84 

28 

L.T. 

4.30 

12.50 

40.0 

93.0 

7.55 

2.10 

139.59 

29 

A. K. 

4.64 

13.00 

43.0 

92.7 

7.26 

2.24 

133.84 

30 

E.A. 

4.88 

14.50 

46.0 

94.2 

7.26 

2.28 

134.75 

31 

N. IV. 

4.68 

13.50 

45,0 

96.1 

7.26 

2.32 

135.81 

32 

B. K. 

4.87 

13.50 

45.0 

92.4 

7.30 

2.20 

134.68 

33 

S.ll. 

4.91 

14.00 

44.0 

89.6 

7.20 

2.20 

131.14 

34 

J.P. 

5.21 

15.00 

50.0 

95.9 

7.42 

o 2*> 

138.29 

S5 

I.P. 

5.12 

14.50 

50.0 

97.7 

7.58 

2.16 

141.80 

36 

C. C. 

5.27 

15.50 

48.0 

91.1 

7.60 

2.01 

138.65 

37 

E. S. 

5,31 

16.00 

47.0 

88.7 

7.28 

2.13 

131.90 

38 

S. J. 

4.89 

13.50 

45.0 

92.0 

7.28 

2,20 

135.50 

39 

H. B. 

5.12 

15.50 

47.0 

91.8 

7.25 

9 22 

133.38 

40 

11. B. 

5.10 

14.00 

48.0 

94.1 

7.27 

2.26 

134.89 

41 

W. B. 

5.04 

15,00 

48.0 

95.2 

7.35 

2.24 

136.63 

42 

E. 11. 

4.95 

14.00 

46.0 

92.9 

7.20 

2.28 

132.93 

43 

D.L. 

5.28 

16.00 

50.0 

94.7 

7.19 

2.33 

134.06 

44 

E. T. 

5.06 

15.00 

49.0 

96.8 

7.41 

2.25 

138.62 

45 

H. S. 

5.02 

14,50 

47.0 

9.3.6 

7.37 

2.20 

133.36 

46 

D.L. 

4.93 

14.00 

44.0 

89.1 

7.28 

2.14 

132.13 

47 

P. B. 

4.61 

12.50 

43.0 

93.2 

7.41 

2.16 

136.50 

48 

G.F. 

4.93 

14.50 

46.0 

93,3 

7.37 

2.21 

135.09 “ 

49 

G. L. 

4.85 

14.50 

46.0 

94.8 

7.62 

2.09 

140.45 

50 

R.ll. 

4.72 

13.00 

43.0 

95.2 

7.20 

2.34 

134.29 


135.44, with a standard deviation of 3.517, In SO per rent of our eases the values 
ranged from 130 to 140 square microns. Table II represents the distribution 
of the cases for the various values obtained in our series. The value obtained 
by Emmons, = using this very exact but very laborious method described above, 
was 144.8 square microns. 
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We reeoj'iii/.e the fallacies of our method. It is based on the assumption 
that the erythrocyte is a Hat ilisk, while it is known that it has a eurved con- 
figuration. But perhaps the fallacy is not (piite as great as it may appear to 
he. Fig. 1 repre.seiits a cross section ol the normal eonligiiration of the icd 
blood cell. Let us, for the .sake of diseussion, exaggerate the curves to the point 
of making straight lines to a.ssume the ajipearanee of h ig. 2. Ihe rectangular 
figure superiiiiiiosed is the Hat disk n.sed in our eoiiipiilation.s. llie area A B G, 
omitted in our calculations, would be compensated for by the area A L C. 


TAiii.r. II 


DisTianuTioN" or Casks Aeeoiiiusc to Co-Mi-CTKit SntrAcr. AiiK.v or hiiYTiiKOCYTKS 
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132 

O 


133 
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137 
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138 
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Ml 
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M2 
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AVc ftel deeply indebted to Dr. Ktiphael formerly a.s.socliite profe.s.«or of medicine, 

University of Mlcbisan, School of Medicine. .\.nn Arbor, Mich., for hl.s guidance and valuable 
■suggestions in carrying out this work. 


To summarize, a practicable teehnifiue for determining the mean surface 
area of the human erythrocyte with the normal value and range is presented. 
By this method the average total .surface area of the normal human erythrocyte 
is 135.44 i 3.517 square microns. Eighty per cent of the cases ranged between 
130 and 140 sciuare microns. These results compare favorably with those ob- 
tained by more exact and much more difficult methods. This procedure opens 
pos.sibilities for further investigations into the interrelationships of the surface 
area with other hematologic values and into the question of the distribution 
of hemoglobin in the red blood cell. 
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SARCOIDOSIS 


A Consideratiox of the Clixic-vi. axd Histologic Criteria Differextiatixg 

Sarcoidosis From Tuberculosis 


Harold L. Rako\', JI.I).,® axd J. Sfottiswood Tavlor, JLD.f 
Kixgstox, N. Y. 


IXTRODUCTTOX' 

JONATHAN HI TCHINSON* in 1875 was tlie first to call attention to a pe- 
J culiai inaladj of the sliin in a woman named Mortimer wliich was charac- 
terized by granulomatous infiltration and iviiicli lie referred to as Mortimer’s 
f fourteen years later, reported similar and more detailed 

c imcal observations of this disease, but it was not until 1899 that Caesar Boeek' 
lecoi e t le pathologic histology of these granulomatous lesions and described 
an associated Ijmiphadenopathy. Many subsequent investigators frequently 
ntiT t- ^ cutaneous lesions were accompanied by widespread adenop- 
I’oentgenograpliic changes in the fingers and toes, yet 
o ^ "’cre the first to demonstrate conclusively dif- 

to establish definitely Boeck’s sarcoidosis as a general- 
^t' piocess. Altliough their observations have been corroborated 

many bmes, the disseminated cliaracter of tlie disease is still far too often not 
appreciated. 

Piaeticallj ^^ci j" oigan in the body may be involved, but lesions occur most 
u skm, lymph nodes, bones of the hands and feet, and in the 

® eruption, as described by Boeck, is usually widespread, sjmi- 
metrical, nodular, pigmented, and infiltrative but never ulcerative. It aft’ects 
^ual y the face, ears, nose, and extensor surfaces of the extremities. The 
adenopathy may be generalized or limited, superficial or deep seated; it often 
occurs in persons who never develop lesions in the skin. AVlien the enlargement 
o tie lymph nodes is confined to a single group, the condition is usually diag- 
nosed as t^erculosis and may even be considered Hodgkin’s disease or Ijmipho- 
sareoma. Frequently the earliest signs and symptoms are referable to the lungs 
whei;e roen genologically there may be observed a marked bilateral and sym- 
metrical enlargement of the hilar and peribronchial lymph nodes, a soft in- 
filtration resembling caseous pneumonic tuberculosis, and often a peculiar basilar 
infiltration suggesting miliary tuberculosis. In spite of such marked roent- 
genographic involyement the clinical manifestations of pulmonary disease are 
exceedingly few, since only a mild febrile reaction accompanies transitory chest 
p^and a slight nonproductive cough. Hemoptysis does occur, but it is rare. 

♦From the King^ston Hospital. 

fFrom the City of Kingston Laboratories. 
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The altcraliou-s in tlie Iwiios of tin* Ininds and I’eol. iiave l)een dcsenbed ade- 
quately nicnt-enoln^'ieally by KienlnK-k'- and Jiii.-rlin-" as pnnebed nut or 
reticulated areas of rarefaction in the inednlla of the i)halanges, with no m- 
volvenicnt of the periosteum and joints. 

In extensive studies of the blood Harrell' found definite inerea.ses in the 
content of caleium, ]»rotein, and phosphatase, but normal valne.s lor nonpiotein 
nitrogen and i)hosphorns. In bis .series of ea.se.s Benee-dones piotein was usu- 
ally pre.sent. In addition there were an inerea.sed .sedimentation rate of the 
erythrocytes, a low or normal white blood cell count with nentroi)cniii, co- 
sinophilia, and relative monocytosis. 

The disease occurs usually in early adult life and is generally benign, but 
it has been the cause of death in a few instances. ■’ In Longcope and Pierson s 
group and in ITarrcll’s series Negroes jn'cdominaled. Although for years it 1ms 
been felt that the disease was related to tuberculosis, no investigator has been 
able to Isolate the tubercle bacillus from the lesion or through animal inocula- 
tion. At present it is almost universally agreed that the etiology remains ob- 
•scure. That the disease does occur without any abnormalities of the skin has 
been demonstrated by many observeivs. It was absent in three of Harrell’s 
eleven cases, while 50 per cent of tho.se published by Longcope and Pierson 
failed to show cutaneous lesions. We are presenting three patients with Boeck’s 
•sarcoidosis, in none of whom at any time did .skin manifestations appear. In 
two of our ea.scs the lymi)h nodes in localized regions only w’ore clinically af- 
fected, while in the third ease there was widespread involvement of the lymph 
nodes, and in addition lesions of the liver and lungs. The failure of clinicians 
to consider Boeek’s sarcoidosis in the differential diagnosis of the lymphad- 
enopathies and also the failure of roentgenologists to include this disease in the 
ditferential diagnosis of pulmonary changes resembling tuberculosis, but w'hieh 
cannot be proved to bo such by any of the many laboratory procedures now' 
available for this purpose, are emphasized, iloreovcr, these eases .show' how 
ea.sily the histologic picture may be misinterpreted by the pathologist who is 
not familiar w'ith it. 

CASE HISTORIES 

Case 1. — K. G., a .'{S-year old white woman, had at the age of 12 years a lump in her 
neck which firht appeared at the angle of the jaw on the riglit side. It reached the diameter 
of 1 cm.; it was painle.ss and unassociated with any .systemic manife.stations, such as fever, 
loss of weight, etc. Tliia lump persisted apparently unchanged for twenty years, until at the 
age of .12 it began to enlarge without any detectable lymphadenopatliy elsewhere. At that time 
there were no accompanying signs of systemic di.sease, yet a tonsillectomy was deemed ad- 
vi.sable and was performed six montli.s later, on AXarch 28, 19.35. Becau.se no appreciable 
effect was noted upon the enlarging mass in the neck following the operation, the mass was 
extricated on xVpril 29, 1941. At oper.ation a firm, encapsulated oval mass, 3 ’ by 2 cm. was 
found lying beneath the superficial fascia of the neck, near the right carotid artery at the 
angle of the jaw. No alterations in the near-by lymph nodes were found, and nodes were 
not palpable elsewhere. 

Upon gross section the incised ma.'-s appeared to be composed of lymphoid tissue sur- 
rounded by a well-defined capsule. The cut surface was nodular and did not conform exactly 
o the picture of a merely hyperplastic lymph node. Microscopic examination revealed a 
lymph node, largely occupied by tubercle-like lesions compo.sed of epithelioid cells amonir 
which there were small giant cells, not arranged in typical tubercles. At no place could 




FiS. 1. 



Figr. 2. 
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caseation be foun.i. Minute foei 

3"“ ;.i,l.« <..U1 b, (,.«,„l. Th,. .ki„ ......n'.il.n . I- ,• 

was ne^tive, ami there was never nny .Irainnsc from the biopsy meision. 1 mallv, the ton 
mnmvenve vears previom-ly were re-examined in a series of seet.ons, and a single sarcoid 
in one tonsil t'vas found which was not evident in the routine sections (I- ig. ^ 

we cannot say whetl.cr or not this is the tonsil from the same side as the excised hmpli 

from the neck. 


S® 


r •t 



i* 








Case 2. — J. C., a 27-year-old white man, a member of the Kingston Fire Department, 
had noted a swelling of the right axillary region for six months; the mass was not painful. 
He was never “feverish” and had not lo.st weight. On November 15, 1939, a mass, 6 by 5 
by 3 cm., was excised as well as three smaller oval structures resembling lymph nodes. All of 
these masses were well encapsulated and upon gross section showed slightly yellowish, minutely 
lobulated cut surfaces without evidence of softening or caseation. Microscopically, numerous 
lesions resembling so-called “hard tubercles” were found, and these consisted of large epithe- 
lioid cells in clusters but were devoid of typical Langhan’s cells or caseation which charac- 
terize true tubercles. A feev of these lesions did contain giant cells. No acid-fast bacilli 
could be found in the lesions, but in spite of these observations recorded at the time of the 
original examination, a diagnosis of tuberculous lymphadenitis was made. Not rmtil one 
year later was tlie diagnosis questioned by the attending surgeon, who failed to observe other 
clinical signs or symptoms of an acid-fast infection. Upon re-examination of the sections 
m the light of recently acquired experience with the lesions of Boeck’s sarcoidosis, it became 
clear at once that the original diagnosis was in error and that the changes were typical of the 
latter condition (Fig. 3). 
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Subsequent to tlie submission of a revisetl patliologic report, roentgenologic exammatioa 
of the chest and of tlie bones of the hands and feet failed to demonstrate any changes, includ- 
ing those of generalized Boeck’s sarcoidosis, and intradermal tuberculin in a dilution of 
1:1,000 gave no reaction. 



Fig. I. 

Case 3. — G. E., a colored nuin, 31 year.s old, had been in e.vcellent health all his life 
e.vcept for the usual childhood diseases until he became aware of an increasing dyspnea upon 
exertion early in January^ 1933. Finally the dy.spnea became so marked when at rest that 
it was necessar 5 - to hospitalize him on January IG, Upon admission to the Kingston Hospital 
the positive findings were those of marked dyspnea while lying in bed, pain and tenderness 
over the abdomen, more particularly in the gall bladder region, and changes in the lungs re- 
vealed only by roentgenograms. These latter changes were thought to be the result of either 
bronchopneumonia or miliary tuberculo.si.s, in spite of normal temperature, no increase in the 
pulse rate, and the failure to demonstrate specific incitaut organisms in the sputum after 
e.xiiaustive search. There was a normal blood picture with perhaps a slight relative lympho- 
cytosis. During two weeks’ stay in the hospital lie. was afebrile, the pain in the abdomen 
subsided, and the dyspnea was relieved. A few days after discharge the pains recurred and 
were accompanied by “indigestion.” Tlie liver was now sligiitly enlarged and exquisitely 
tender. Upon readmission to the iiospital the temperature was 100.2° F. and the pulse rate had 
increased to 108. No evidence of disease of the gall bladder and gastrointestinal tract was 
shown by x-ray studies and many other laboratory procedures. He became more comfortable 
upon the administration of sedatives and was, diselnrrged a few days later with a diagnosis 
of hepatitis. n 

During another admission in March of this same year an c-vploratory laparotomy yielded 
no additional information. The liver was -large and bluish gray, and the gall bladder was 
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(Jniincil. Kooovory from tlii' oporiititm was unovoiitfiil, luif l)Ci'au.s(.* of [lorsistoiit i'lmn};i.'.s in 
the lmi ^'3 susso.'tivo of tiiliorculosis, flu- palioiil was rcforroil to tlu* out-patient department 
of the Ulster County Tuliereulosis Hospital. Later, owino to the dillieulty in eonUrmint; 
a diagnosis of ttihereulosis, he was admitted to thi.s lio-spital for more intensive study. The 
observations of Dr. tleorge Weber were mo.st intere.stino; ‘•The physical Hndings tind x-ray 
plates (Fig. 41 seem to show a tuhereuloua proee.s.s of the easeous-pneunloide type, involving 
eluetly the middle and lower lobes of the right lung with some spread to tlie'Ieft side. An 
enlarged mediastinal shadow, whieh looks like tumor growth, eannot be explained on the basis 
of tuhereulous involvement in sin adult.” The sputum never yielded aeid-fast bsutilli, sind 
several guinea pigs inoeulated with sputum remained well. The geuersil condition of the 
patient was alwsiys good, and there was a stesnly gain in weight. Upon discharge from the 
Tuberculosis Hospital, Ur. Weber further recorded tlmt there was grave doubt of the diag- 
nosis of pulmonary tuberculosis, but no other disease process suggested itself. 



Fis. 5. 


bodetJ™* of lymph nodes over +he 

T “t " “■"-■‘''•“p-v — ..00.,..^;; 

16 mV “gib'll region on October 

in’ the Enlarged glands were also present 

neck, postauricular and epitrochlear regions, and in the axillae Histon ti i - 
studies revealed lesions whieh resembled tubercles of the .o-ealled ‘‘ 
no acid-fast bacilli could be found after extensive search In s„ite of t - VV' 
tl>o organisms a diagnosis of tuberculous lymphadenitis was Submitted. ® 

Because of the loss of weight, glandular enlargement and n !,:«+ i - 
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Early in January, 193C, acute abdominal pain and distress began and increased in se- 
verity over a period of four weeks, after which time a second laparotomy was done at the 
ISingston Hospital. The liver this time was found to be far larger than upon the previous 
laparotomy, and its edge extended 10 to 12 cm. below the costal margin. It was studded 
with innumerable grayish-white nodules, most of which were only a few millimeters in di- 
ameter. Great enlargement of the perigastric lymph nodes was also seen. One of these lymph 
nodes and a smalt piece of liver containing one of the small nodules were removed for micro- 
scopic examination. Again the histologic diagnosis was tuberculosis involving the liver 
(Kg. 5) and perigastric nodes (Fig. 6), even though no acid-fast bacilli could be found 
in the lesions and macerated tissue injected into guinea pigs produced no disease. 



Fig. 6. 


Following this last operation and without specific therapy of any sort, the patient began 
to improve rapidly. During the period from February 16, 1936, to August 16, 1940, the clinical 
manifestations of the disease practically disappeared. He has been working for almost five years 
at his regular occupation as day laborer and feels entirely well. Early in August, 1910, inocula- 
tions of old tuberculin were done intraeutaueously for the first time, in dilutions varying from 
1:100,000 to 1:100, and yielded questionable reactions only in the lowest dilution. In June, 
1911, small lymph nodes, barely palpable, were the only residual manifestation of the disease, 
while roentgenograms revealed complete resolution of the pulmonary and mediastinal changes 
previously observed, and no changes in the bones of the hands and feet could be demon- 
strated. Chemical examinations of the blood showed normal levels for calcium, cholesterol, 
total protein, and an albumin-globulin ratio of 2.73. No Bence-Jones protein was ever found 
in the urine. 
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CO.MMKN"r 


AUlioiigli lluk’liiiison, Bi'suior, and Bocck tk’SLTibt;(l this iiialad\ as a del- 
malologii! aft'eelioii, it. IjCfamo evident, to suhseiiueiit invest ijtators that tlie 
eutancous numifestalious wove merely i)ai't of a diffuse systemie disease ol a 
grauulomatoius nature, iloreover, it is now clear that this skin eruption not 
only may not be prominent but often does not appear at all. beiiaumann in 
1914 mentioned the po.ssibilily of the di.sea.se ])nrsuin^ a eoneealed e.Kistcnee in 
the lymphatic and internal organs without giving rise to .skin lesions, and that 
in all probability the skin was attacked in com])aratively I’are in.stanee.s. Oiu 
cases demonstrate a predilection for the Jyni{)hatie .s^vstein without skin man- 
ifestations and afford additional evidence of the validity ol .Schaumann s original 
assumption. 


In the light of present knowledge it is difiicidt to accept our first two cases 
as instances of isolated glandular involvement. ^Yith tlie limited clinical means 
of exploring the body, obscure involvement of other lymphatic structures might 
well have been present. Although a thorough clinical examination of the 
peripheral glands and radiographic studies of the chest revealed no evidence of 


adenopathy, it has been pointed out that histologic examination of the clinically 
normal appearing lymphatic structures will often reveal sarcoids. Thus in 
Case 1, only after re-examination of a .series of sections of tonsils removed five 
years previously was a single miliary sarcoid demonstrated. Unfortunately, 
since no further studies were permitted, we were unable to observe the histology 
of nonpalpable glands or tonsils of Case 2. 

The third ease presented many signs and symptoms of a disseminated 
tuberculous process. There were slight fever with cougli, w’cight loss, enlarge- 
ment of the cervical, axillary, inguinal, mediastinal, and mesenteric Ijnnph nodes, 
as w'ell as pulmonary parenchymal infiltration of a caseous pneumonic type, and 
marked enlargement of the hilar shadows. Lesions in the liver and perigastric 
IjTnph nodes were found wiiich resembled tubercles of the “hard” variety. Skin 
manifestations Avere absent, the tuberculin reactions Avere not significant, and 
tubercle bacilli could not be found in the sputum or excised tissues. The sub- 
sequent clinical course proved the diagnosis of miliary tuberculosis to be incor- 
rect, and re-examination of the extirpated glands established the true diag- 
nosis. Since generalized Boeck’s sarcoidosis is usually a benign, nonfatal dis- 
ease, there is no doubt that many reported cures of miliary tuberculosis are in 
fact instances of recovered sarcoidosis. 


In this connection it is recalled Avith a great deal of interest by one of us 
hoAv Dr. William S. Thayer at one time was thoroughly convinced that he had 
observed a case of miliary tuberculosis Avhich eventually recovered. A biopsy 
of the skin in his ease revealed lesions Avhich lie and the pathologist interpreted 
as tubercles, but in Avhich no acid-fast bacilli could be found. He was never 
quite satmfied that exhaustive search might not have revealed the presence of 
tubercle baeiUi, and often regretted that animal inoculation had been rendered 
kWorr'^" specimen before it reached the pathologic 
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The true nature of tlie lesions has not been appreciated b.y many trained 
observers even though numerous descriptions of the liistologic pathology have 
been recorded. Boeek mentioned sharph’’ circumscribed foci of “new growth” 
composed of epithelioid connective tissue cells witli giant celts of “sarcomatous” 
nature. Schaumann*- in 1924 characterized the lesions as sharply circumscribed 
epithelioid tubercles without necrosis and very little Ij-mphoid reaction. Nicker- 
son“ believes the following findings are of assistance in differentiating sarcoid 
from tuberculosis; (1) Caseation is never present. (2) The giant cells are 
different from those seen in tuberculosis. (3) Lesions in tissues other than the 
lungs do not contain carbon pigment. (4) In the liver the lesions are most 
numerous in the portal triads, with only a few in the mid-zones of the lobules. 
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is iutcvostiug i)ul uol coiiviuoiii'^. Oltuii llic jirolilciii (.•oiitroiitiiif^ the [)alholot4isL 
is iiiipossihlc oC sohitioti l>y uiotv }ii.s}oJo;jric t‘xa)iii)iJitioii, yet there is a j)utteru 
Iiroseiited i)v the sareoid lesions to one who is laiiiiliav with them that eual)!es 
liiia to distiii|4uish the sarcoid fz'oiii the ii«n<’aso;ilinj' Udzerele. hvery student 
of sarcoidosis has recoLinized the alzsenee of eziseation and the sliftlit ])eriplier<d 
lyniphocytie reiiction ahont the siircoids, yet in a ^iveii true noneasealiiif' 
tubercle a similar situation often obtains. Kach attempt thus tar to izoint out 
the distini'iiisliin^ I’eatnres between the sare<»id iind the nonejiseatiii'' tubercle 
has failed to convey' in woi'ds wbat may reatlily be seen in sections. Onr at- 
tempt perhaps also is futile, but it seems to ns that the e()ithclioid cells in the 
individual .sarcoid iire nsnall.v lar.uer ami more enboidal and that the individual 
sarcoids do not fn.se to produce a con.tjtomerate sarcoid in the nmnner that jzri- 
niary tubercles produce the couirloinerate tubercle. The size ol the ^iant cell, 
as well as the position and number of their uuelei, throw little lijrht on the diatr- 


nosis. It can be seen in Kijr. 7 that typical Langhan’s giant cells may be present. 
We urge tho.se pathologists who do not yet rccogni-zc these sarcoid lesions 
to study all their ea.ses of nonea.seating tuberculosis with this disease in mind. 
Doubtle.ss many clinicians, as well as pathologists, will need to observe a recov- 
ered case of “miliary tuberculosis,’’ as was true with us, befoi-e they arc con- 
vinced that the clinical-histologic picture is not that of tuberculosis but instead 
that of sarcoido.sis. 


AVe acknowleOgc our indebtednu.-isi to Doctor.-! Frod S. Carr, Douw S. .Meyers, and Frank 
A. Johnston tor the privilege o£ studying these eases with them. The clinical observatioms 
herein recorded are essentially those made by these respective phy.slcians. The photomicro- 
graphs were made by Jlr. Lionel B. Herrington, 
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CLINICAL CHEMISTRY 


CLINICAL STUDIES WITH THE AID OP EADIO-PHOSPHORUS* 


V. Early Effects of Small Amounts of Radio-Phosphorus on Blood Cell 
Levels, Uptake, and Excretion 


B. V. A. Low-Beer and Anne de G. Treadwell 
Berkeley, Calif. 


I T IS KNOWN that radioactive phosphorus emits rays. Its half life is 14.3 
days. When radio-phosphorus is administered orallj^ or intravenouslj' it has 
been found to localize in certain tissues of the bod 3 ', namelj", bone, bone marrow, 
neoplastic and leucemic tissue.^ For this reason, radio-phosphorus has been used 
as a therapeutic agent in the treatment of leucemia, pol.ye 3 dhemia vera, and 
lymphosarcoma. Extensive studies eoneeiming the earl 3 ' absorption and distribu- 
tion in blood and the earl 3 ’- excretion in urine of therapeutic doses of radio- 
phosphorus in leucemia and polycythemia vera and in normal persons have 
been eanded out.^ These investigations have established definite patterns of 
response in the three groups in question when moderate-sized therapeutic doses 
are used. No standardization b 3 ’' means of veiy small doses has heretofore been 
attempted nor have any studies, so far as we are aware, been directed to the 
early ‘'effects of radio-phosphorus on blood cell levels in any of the three groups. 

It is known that x-ra 3 's even in small doses produce biological effects long 
before therapeutic responses can be observed.* Such effects occur within the 
first twenty-four hours and concern fluctuations in peripheral blood levels, of 
red and white cells, reticulocytes, and platelets, and the relationships of cells 
in the differential count. It has been our purpose in the present stud 3 ’ to de- 
termine whether internal radiation resulting from intravenous administration 
of radio-phosphorus in small doses elicits similar responses. We have been 
concerned also with the early absorption and distribution in the blood of such 
doses, and with the rate of excretion in the urine. Attention has been given to 
the influence of previous x-radiation on the earU’^ response to radio-phosphorus, 
and we have attempted to differentiate between the effect of inert phosphorus 
and its radioactive isotope. Finally, we have observed the spontaneous fluctua- 
tions of blood cell levels over a period of three hours in some of the eases here 
presented. 

The dose chosen was approximately 500 inicrocuries. Assuming a total body 
weight of 60 to 65 kg. and an even distribution of the radioactive metabolite, 
there would be 0.006 to 0.009 mieroeiudes P** per gram of bod 3 " weight. We 
have arbitrarily called this a “threshold dose” for two reasons: First, in order 

•From the Radiation Laboratory, University of California. Berkeley. 

This work has been supported by the Columbia Fund for Medical Ph> sics of the Columbia 
Foundation. 
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.„dis.u«.u.u u r™,,. u»o,. 

because the biological efVocls aio tiansito . . 

...uU, «iU, 

various typos of leuccuiia and with poKc'thciuia sci 

Mirruou.s 

Radioactive phosphorus was produced in the 60-inch isotonic 

bombardment of red phosphorus which was thou 

Na,HPO, solution containing 15 mg. of the compound pu^ action a 

Subjects came to the laboratory in a fasting condiUon. uoi o . 

blood count was made. This was repeated hourly for the fir.sl tiirec ' « ' 
injection and at twenty-four hours. ^Yithdrawal of lo to - c.c. o t o 
venipuncture was done at hourly intervals for the first three hours aftet - 
jection and at twenty-four hours for the normal persons and wv some ot tlic 
patients. In one group of cases urine was collected at hourly intervals dining 

the first three hours and at twenty-four hours. 

One group of three leucemia patient.s prior to receiving any radio-phos- 
phorus were iiiven intravcnou.sly 3 c.c. (45 mg.) of inert XadlPO,. Counts 
were made on these patients prior to injection and at hourly intervals for tlic 
first three houi-s and at twenty-four hours. A second group of patients was ob- 
served over a period of three hours for spontaneous fluctuations in blood cell 
levels. 

The counts included; hemoglobin by the Osgood-Sahli method; led and 
white cell counts; platelets and reticulocytes by the cover slip method, using 
1 per cent brilliant eresyl blue in 3.8 per cent sodium eitiate. femeais weic 
stained by the ^Yright-(jriem.sa teehniciue, and at least 200 cells were enumerated 
for each differential count. The blood withdrawn from the veins ivas hepai in- 
ized, cooled, and centrifuged for twenty minutes at 1,450 x gravity to insure 
constant v’olume. The plasma was removed, the buff}' coat was aspirated, sus- 
pended in Eiger’s solution, and centrifuged again for twenty minutes at 1,450 
X gravity.^^ Finally the red blood cells were aspirated. 

Materials for radioactive assay Avere measured, dried at 90° C., and as- 
sayed in a standard DuBridge electrometer and compared with a uranium 
standard. The amounts measured did not exceed 20 to 30 mg. per square 
centimeter, and, therefore, no correction for [i ray absorption is necessary. 


RESULTS 

Spontaneous fluctuations were negligible for all aspects of the blood count 
for each of the three patients observed. These included one case of chronic 
myeloid and two eases of chronic lyunphoid leucemia. The other results are 
•summarized in Tables I, II, and III. 

The effects of inert XajHPOj on two patients Avith chronic lyunphoid leu- 
cemia and one Avith chronic myeloid leucemia are shoAA'n in Table I. The case 
of F, B. Avas characterized by only very slight elevation of the total AA'hite blood 
cell count, but this Avas made up almost entirely of lymphoid cells many of 
Avhieh Avere immature forms. The platelet count Avas very Ioav from the outset. 
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None of the elements of the blood eount exhibited nny si-'iiilleant elmns'e. Tim 
ease of chronic myeloid leiieemin, whieli bud been treated with x-rays up to tiirec 
weeks licfore admission, exhibited some lability ot the white blood cell count, 
possibly attributable to x-rays. 

Cases 1, 2, and 3 of Table 11 show the typical lieinatologic rc.sponse to 500 
mierocurics of in three hcaltliy persons. In all the.se sulijeets the iilatelets 
show marked deviations from llie orij^inal levels during the first three houis. 
The shapes of the curves are the same in all three case.s. There is a deviation be- 
yond physiologic limits in the red blood ceil count and hemoglobin, and tliis 
Is closely correlated with the rcsiionse of the reticulocytes. The total white 
blood cell count in all these ca.ses remained unaffected. 

Cases i through 10 of Table 11 show hematologic responses in lymphoid 
and myeloid Icueemia patient.s. There is a definite efteet on all elements of the 
blood count in these cases with the excejition of the total white blood cell count 
of Case 4, Here it will be noted that the initial level of the white blood cells 
was only slightly elevated above normal. The platelet count in this case, which 
was unaffected by inert Na.HPO^, shows a definite rise and fall .similar to thasc 
of the other eases of this group. The early radiation effect on the reticulocytes 
is especially pronounced in Cases 7 and 9. In all cases the point at Avhieh the 
reticulocyte level is at maximum the platelets are at minimum. 

Cases 11 through 13 of Table II .show hematologic responses in poly- 
cythemia vera. The red blood cells and the hemoglobin are the elements most pro- 
foundly affected, although all elements show some lability. The deviation of the 
reticulocytes is downward. The platelet count is markedly changed, but there 
seems to he no pattern of platelet response characteristic for this condition. 

Case 14 of Table II shows the hematologic response in one case of poly- 
cythemia vera Avith leucemoid reaction. It would appear from this case that 
the tj-pieal responses of leucemia and polycythemia patients are here combined, 
with lability of the red blood cells, u'hite blood cells, and platelets, and the 
reticulocytes exhibiting an upward trend. 

Cases 1, 2, and 3 of Table HI illustrate rates of uptake in three normal 
persons. The maximum excretion is approximately the same in all cases and is 
reached in all Avithin the first three hours. Case 2 exhibits a someAA'hat higher 
uptake by AA'hite blood cells than the other tAvo eases in this gi’oup. This may 
well be correlated Avith the somcAA^hat higher level of the total AA’hite blood cell 
count in this person. 

Cases 4, 5, 7, 9, 10 of Table III illustrate rates of uptake in leucemia pa- 
tients. In Case 5 the utilization of phosphorus by Avhite blood cells is in keep- 
ing Avith the excessive Avhite blood cell proliferation as opposed to Case 4 Avhere 
the total Avhite blood cell eount Avas neA'er higher than 20,000. Case 9 shoAVS a 
strikingly high uptake of phasphorus by Avhite blood cells, despite the relatively 
loAv total white blood cell eount. This may he explained on the basis that the 
differential count in this case eon.sistently showed 85 to 90 per cent myeloblasts 
It has been shcAA-n by ilarshak^ that cells in the, early stages of mitosis are the 
largest consumers of phosphorus. Case 4 Avith a relatively low total Avhite blood 
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Table 


Utiuzatiok and Excdetion of P” 



WHOLE BLOOD 

n.B.c. 

j 

CASE 

1 HU. 

2 nil. 

3 uu. 

21 11 «. 

1 

1 HU. i 

O I 

HB. 

3 HU. 

24 HU. 

1 HR. 


txc 

/c.c. 

<K, 

jO 

\ic 

/c.c 

/C 

\IC 

/c.c 

>0 

gc 

/c.c. 

Uo 


% 

ac 

/c.c. 

% 1 

no 

/c.c. 

iO \ 

(4C 

/cc.. 

% 

v-p 

/C.C. 

r. 

1. D. V. N. Normal 
Male -IG yr. 

0081 

IGIO 

0094 

1880 

i 0031 

.1010 

0061 

1220 

.0011 

022 i 

0106 

.2120 

.0139 

.2780 

.0131 

.2620 

.0192 

.3516 

2. R. M. Normal 
Female 38 yr. 

0094 

1870 

0090 

! 17911 

0089 

1785 

0212 

j 

4240; 

OIOS; 

2159, 

0131 

2680 

0146 

.2925 

,0119 

.2382 

.0318 

.6370 

3. F. V. N. Normal 
Female 20 yr. 

0125 

* SSOl 

om 

' 2521 

0187 

! 3730 

1 

0077 

1541 

i 

0113 

2262 

0141 

.2821 

0120 

.2401; 

.0127 

.3539 

.0185 

1 .3301 

4. F. B. Chronic 
lymphoid 
leucemia 1 

Male 40 yr. 

OOS4 

1681 

0072 

1442: 

0095 

1901 

0043 

08G0 

00S8 

1759 

0106, 

2119 

j 

0099; 

.1980 

.0059 

1179 

.0316 

.6310 

S. L. C. Chronic 
lymphoid 
leucemia 

Male 52 yr. 

0084 

1021 

0074 

1 

j 

1432 

00C3 

1219 

0052 

0985 

0084 

1031 

i 

0095; 

1800 

i 

0095 

1800 

i 

0095: 

.1800 

0256' 

.5502 

7. A. W. Chronic 
myeloid 
leucemia 

Female 12 yr. 

00891 

ISDI 

I 

00S24. 

1742 



00282 

0597 

0020 

0423 

1 1 

.0082 

.1736 



.0062; 

.1310 

.0821 

1.73W 

Q. 0. H. Sub.acutc 
myeloid 
leucemia 

Male 26 yr. 

0030 

0030 

0018 

0381 

0018 

038) 

0009 

0101 

0040 

08S4 

0043; 

0889 

0052 

1 

1010 

1 

0036 

0764 

.1150 

3.440 

10. P. P. Chronic 
myeloid 
leucemia 

Female 32 yr. 
Recent x-ray 

0087 

1735 

0077 

1541 

0052 

1039 

0052 

1039 

0095 

1901 

0105 

2010 

1 

:.oio7 

j 

! 2013 

0104 

.2080, 

0097 

.1911 

n. G. Polycythemia 
vera 

Male 37 yr. 

0303 

4001 

.0309 

4102 

0209 

2799 

0172 

2298 

0296 

! 3910 

' 0362 

( 4803 

0391 

.5202 

0303 

! 4061 

0464 

6180 

14. H. H. Polycythe- 
mia 'with leucc- 
•• moid reaction 
Male 65 yr. 
Previous tre.'itmeiil 
with P®- 

02-17 

43<HI 

0210 

383!) 

0213 

3780 

0275 , 

4700 

0066 

1 1172 

0259 

4699 

0229 

4QG2 

0251 

4449 

0617 

I 064 


cell count shows a high level of excretion at the fii’st hour, while the excretion 
rate of Case 5 with over 100,000 cells (Avhite) reaches its peak at the third 
hour. The excretion of Case 7 is considerably lower than that of tlie normal 
persons or of the other patients in this group. This would seem to be in accord 
with the progressive uptake of phosphorus by newly forming white cells. 

Case 11 of Table III shows uptake in a ease of polycythemia vera. The red 
blood cells here show the highest uptake of phosphorus during the twentj^-four- 
hour period of any of the groups studied. The difference betAveen this case and 
the nonnal person in this respect, however, is very much less than the difference 
demonstrated between polycythemia and leucemia. The Avork of Erf and 
LaAvrence-” indicates that the uptake of phosphorus by red blood cells is the 
same in normal persons and polycythemia patients at the tAventy-four-hour point. 
These authors extended their observations beyond the first day, and their results 












o,..N.o.vi. STUWK .vm. ..sT,.<M...os.'no««s i:!01 

l.O\V-UKKH-TUKAl)\N KlA- . 



1 V 1 « 111' I'Pfl Vilood cells in one case of polycythemia vera 
showed an increased nptake .J cd ____ compamon e;c. 

at the fol’ty-eight-hour point. It app ^ p t f„T. +iif> fnllnwin" reasons- 

ists for these findings and those of the present study for the follmvmg reasons, 
toe point only in "the uptake enrees, namely, the twenty-four-hour penod, is 

eommou to both inyestigations-, the doses of ‘ 

in milligrams of salt in which they were mcorporated) used bj Erf and 
Lawrence are different for the patients and for the nonnal peiaons and in both 
groups the doses are considerably larger than the “threshold amounts used 
in this study; finally the total number of cases observed in both studies is too 
small to rule out the existence of individual differences in response. The pos- 
sibility that the red blood cells in polycjffhemia vera utilize radio-phosphorus to 
a greater e.xtent than do normal red blood cells, suggests that investigations 
similar to those here discussed might well be extended to a larger group of 
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polycythemia patients, in the hojic of establishing conclusively the uptake pat- 
tern in this condition. In tlie case here presented the excretion rate is corve- 
lated with the uptake phenomena and the curve is, therefore, lower in degree and 
opposite in trend from the excretion curves of healthy persons and leuceraia 
patients. 



Pjg. — Hematologic resv>onse of normal persons to 500 microcuries administered intra- 
* venously. 

Case 14 of Table III shows uptake in the case of potyeythemia with len- 
cemoid reaction. The gz’adual iuez’ease in total activity of whole blood is in 
contrast to all other eases studied, and is no doubt accounted for by the high up- 
take of both red and white blood cells. The excretion curve follows those of the 
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l.'l.lNtOAt. S’njl>U-S WITH K.U)l0-l»lI0.S!‘n(>lU;.S 


vM 


Icucemiii putieiits in direction l)Ul diflVr.s in dc-rec l).v reason of inercii.sed re- 
(outiou of radio-iiiiosphorns i)y the biood. 

With respect to ti\e differential count, ail the ieuceiuia patients showed a 
slight increase in primitive celts (ai)solute nnmhers) durine; the twent\ -four- 
hour period. This tcmlem-y did not apjmav in the polycytlieinia patients, al- 
though a few primitive cell.s were pre.sent in all liiese ease.s. ilio i>olycj Uieinia 
patient with leueeuioid reaction showed a deerea.se in primitive cells, I here weic 



no shifts in the relationships of granulocytes and agranulocytes in any of the 
leucemia patients. The polycythemia patients showed a transitory increase in 
the relative number of IjTnphocytes during the first three liours. 

The three normal persons showed no primitive cells at an3' time. Shifts in 
the relationships of other cells occurred, the most consistent heiug a transitory 
reduction in the absolute number of lymphocjdes. 
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Fig. 3. — Typical early hematologic response of polycythemia vera patients to 500 microcuries of 

P^- administered intravcnou.sly. 

DISCUSSION 


The results show that radio-phosphonis in amounts of 0.006 to 0.009 mici’o- 
euries per gram of hodj' weight produces early radiation effects. These biological 
effects of very small activities of radio-phosphorus again indicate the importance 
of determining the “safe tracer dose” for each biological system studied.'* The 
dose of radio-phosphorus used in these studies has been termed arbitrarily a 
“threshold dose.” E.vperience in this study indicates that the actual threshold 
dose is individually conditioned by such factors as previous treatment and rate 
of cell production. Because of the known metabolic changes in leucemia and 


LOW-IIKKK-TIJKADWKI.I. : CI.INICAIj ST(rt)frv.S WITH llADlO-PItO^l’IlOHUS 130 <} 


polvcytlieiiiiii, kiiowlcdi'c of the biisiil Hieluliolie i"ite uid iu picdictiii}^ 

accurately a speeilie “tiirosludd dose.” 

Group differences in uptake aiul eseretion indicate the early function of 
tile iioiiieo.statie lueeiianisni in etfecfinir an iinnu’diale tlistrihution of i*'" to the 
blood elements of highe.st inetaiiolie rate. 'I'he e.Kcretion rate in normal per- 
son-s is accordingly appreciably higher than in any of tiic patients. 


SU.M.M.\UY 

1. A threshold dose of radio-phosphorus has been arbitrarily defined. 

2. Such a dose administered intravenously causes a definite "early radiation 
effect” on blood cell levels which is ehuraetcrislic for each of the following 
groups: healthy persons, leuceinia patients, and polycythemia patients. 

3. This "early radiation efi'ecl” is further conditioned by the rate of cell 
production and by previous radiation treatment. 

4. The uptake of in the fractious of the blood and the rate of its e.x- 
eretion are roiighh' characteristic for each of the three groups. 

We wish to cxpres.s our .iiiprecl.iUon to the sf.vtt ot the R.nliation Laboratory for tlielr 
generoua cooperation in providins the supply ot r.'ulio-pho.sphorus used in this .study. 

The suggestion.s and criticism.s ot Dr. John H. I.;uvrence are gratefully .'icknowicdged. 
One ot us (B. V. A. L-B) ivislic.s to express hi."* appreciation for Die privilege of taking part in 
this work at the Radiation Laboratorj'. 
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CHANGES IN THE CREATININE CLEARANCE AND URINE FLOIV 
OF THE DOG DURING FEVER* 


Hexry J. NichoI/ES, Ph.D., Bex L, Boyxtox, M.D,, and 
Raymond C. Herrin, Ph.D., M.D., Madison, Wis. 


TN 1931 Goldring'^ reported tliat the urea clearances of human patients were 
* usually higher in the acute febrile stage of rheumatic infection than the 
highest observed normal. He interpreted this as indicating a state of renal 
hyperfunction during the acute stage as a response to the demand of increased 
protein catabolism. In 1934 Grant and Medes- reported that the creatinine 
clearances of a large number of human patients with fever caused by infection 
were considerably higher when the body temperature was 38.9° C. or more, than 
\vhen the temperature was between 36.7° and 37.1° C. 

Grant and Jledes- also reported that the creatinine clearance of normal un- 
anesthetized dogs ivas increased after elevation of tlie body temperature by heat- 
ing with conventional diathermy. But in the same j'ear Page® reported that no 
significant change was observed in the urea clearances or in the urine flow' of 
normal human subjects and patients with kidney disease during or after con- 
ventional diathermy. Farr and Moeii'' reported that the average urea clearance 
of rheumatic patients, placed in a cabinet heated by carbon filament lamps, with 
only the head and neck protruding, was 62 per cent of normal while the body 
temperature was rising and 75 per cent of normal ivhen the body temperature 
was at a maximum of 104.S° to 106.7° P. Severe oliguria occurred in two ex- 
periments even thougli large rpiantities of water w'as given orally. 

A new' method of producing heat in tissues bj’ high-frequencj' electro- 
magnetic induction was introduced in 1934 by Merriman, Holmquest, and Os- 
borne.® Mortimer and Osborne® found that during elevation of the body tem- 
perature of anesthetized dogs by this method, wdth the coil about the thorax, 
there existed a definite thermal gradient from the skin, which was heated to the 
highest temperatui’e to the deeper tissues. The temperature of organs lying 
outside the short-wave field w'as elevated to a lesser degree. After heat induction 
was discontinued, the rectal temperature continued to rise for a shoi't time while 
other parts of the body lost heat, show'ing that the heat was w'idely distributed 
by the circulation of the blood. Karr and Nassett" have elevated the body tem- 
perature of dogs, anesthetized with sodium amytal, to as much as 42.8° C. over 
a period of six hours by electromagnetic induction, during w'hich time urine was 
collected bj' means of ureteral camiulae in houx'ly periods. They reported a de- 
crease in total nitrogen excretion roughly parallel to the decrease in rate of urine 

•From the Department of Physiologj-, University of W'isconsin. Madison. 

This stud.v received financial support by grants from the W'isconsin Alumni Research 

Foundation. 
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flow, and found that oli;iuria and anuria wore almost invariable seiiuelae to 
hypertherinia carried to 42^ C. or higher. The blood pressure of their aniinaLs 
remained at a relatively hi"h level until just prior to their death. 

In 1938 Chasis, Han^u's, (ioldring, and Smith* reported that hyperemia of 
the kidneys occurred in human subjects during typhoid vaccine pyrexia. In the 
typical example they present, intravenous injection of 7i5 million organisms was 
followed in a few minutes by chills and a slight fall in body temperature, with 
a slight decrease in the inulin elearanee. ^Yithin half an hour the inulin 
clearance increased about 10 per cent above normal and remained at that level, 
while the body temperature slowly increased over a period of six hours to a 
maximum of 6° F. above normal. Smith and his a.ssociatcs* have produced 
hyperemia of the kidneys of human beings by the intravenous injection of pyro- 
genic inulin. In the typical example pre.sentcd, the body temperature began 
to increase slowly about an hour after administration of SO mg. of pyrogenic 
inulin, and thirty minutes later the renal blood flow increased about 40 per cent 
and the inulin clearance Increased about 50 per cent. The renal blood flow re- 
mained 40 to 50 per cent above the control level, and the inulin elearanee varied 
between 10 and 50 per cent above the control level, while the body temperature 
increased slowly to a maximum of 4° above normal in a period of three hours. 

This paper is a report of the effect of body temperature elevation upon 
the plasma creatinine clearance in unanesthetized dogs. The hyperthermia \vas 
produced by high-frequency electromagnetic induction, or by conventional 
diathermy, or by the intravenous injection of typhoid-paratyphoid vaccine, . or 
by exposure to a current of cold air in a cold room. 


EXPERIilENTAL PROCEDURE 


Female dogs, trained to lie quietly during catherization, vascular puncture, 
and heating, were used in tlie post absorptive condition, sixteen to twenty-four 
hours after the last meal. Water was given by stomach tube in three or four 
doses before the first collection period in order to produce a urine flow of 
2 to 5 e.c. per minute, and enough creatinine was given orally in order that the 
plasma creatinine should seldom fall below 10 mg. per 100 c.c. The bladder 
was washed twice with 20 e.c. of sterile 1 per cent sodium chloride solirtion be- 
fore the first and at the end of each collection period. Approximately in the 
middle of each period enough blood was drawn to yield 1 c.c. of plasma for 
analysis. The plasma proteins were precipitated by means of the acid cadmium 
sulfate method of ililler and Van Slyke.'® Creatinine Avas determined in the ap- 
propriately diluted urines and plasma filtrates by adaptation of the alkaline 
picrate colorimetric method" to the Eveljui photoelectric colorimeter ^ith 
following procedure: 


Four oubic centimeters of .u solution containing between l.GOO and 0.080 mg. per 100 c c 
of creatinine are pipetted into a drj- photoelectric colorimeter tube. Into another such tube 
are put 4 c.c. of water, to be used as a blank. With each are mixed 2 c.c. of alkaline picrate 
reagent. After fifteen minutes the galvanometer is adjusted to read 100 with the tube of 
blank in the photoelectric colorimeter, using the No. 520 color filter and the No. 6 dianhrainn 
The blank is then replaced by the tube of unknown and the new aalvanometer ro, r 
recorded. From a table of known concentrations of creatinine and correspondins salva ' 
readings, the creatinine content of the unknown is found. galvanometer 
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Rectal temperature was measured at frequent intervals with a standard clinical 
thermometer. In these experiments fever is reported in degrees and tenths of a 
degree of temperature Fahrenheit above the veetal temperature of the dog dur- 
ing the control clearance periods. 

High-frequency electromagnetic induction rvas accomplished with a Burdich 
SWD-10 Triplex. The electric current, with a frequency of 12 million cycles per 
second, was conducted through a flexible, heavily-insulated cable, supported hy 
hard rubber clips in the form of a helix of three turns about the part of the 
body to be heated, from Avhieh it was separated bj’' additional insulation of four 
layers of bath toweling. When heat was induced in the head of a dog, the helix 
was just posterior to the eyes and about the posterior part of the lower mandible. 
When heat was induced in the region of the kidneys, the helix was obliquely 
about the caudal three or four thoracic vertebrae and the anterior abdominal 
region. AVhen heat was induced in the region of the pelvis, the helix was ob- 
liquely about the sacral vertebrae and the middle abdominal region. Two or 
three control clearance periods preceded a twent 3 "'minute period of heat m- 
duction, immediately after which the cable and toweling were removed from the 
dog to allow the body temperature to return to normal, during xvhich time there 
were one to six clearance periods. The controls of the apparatus were set to 
give approximately the same power output in each experiment. In two experi- 
ments a fever of approximately three hours’ duration ivas maintained by inter- 
mittent high-frequency electromagnetic induction, in which ten-minute periods 
with induction were alternated with ten-minute periods without induction. In 
three dogs the lumbar sj^mpathetic chains and the first sacral ganglia were ex- 
cised and the splanchnic nerves were sectioned in two operations upon each dog. 
In two other dogs the kidneys onlj^ were denervated. When the wounds had 
healed, heat was induced for twenty minutes in the kidney region in two, three, 
or four experiments with each dog. In two electromagnetic induction expei’i- 
ments upon a normal dog and in one experiment upon a dog witli lumbar sj^m- 
pathectomy, the diodrast clearance xvas used as a measure of renal plasma flow.^^ 
The analytical technique of White and Rolf” was used in the determination of 
diodrast iodine in urines and plasma filtrates. 

Conventional diathermy was accomplished with equipment which included 
a Victor spark-gap diathermy machine, made by tlie General Electric X-ray 
Corporation, and a pair of pad electi-odes, each of which was a thin sheet of lead, 
4% by SYo inches in size, covei’ed by several layers of surgical gauze. An 
electrode was held tightly against each of the shaved sides of a dog between the 
foreleg and the flank with a pad of toweling, about 1 inch thick 6 inches wide 
and 12 inches long, with several strips of water-proof adhesive tape completel}^ 
encircling the pads and body of the animal. The electrodes and pads were kept 
wet with a 1 per cent sodium chloride solution, and a high-frequency alternating 
current of 1,500 milliamperes was allowed to flow through the bodj' of the dog 
for one to three hours. There were clearance periods before, during, and after 
diathermy. 

After two or three control clearance periods typhoid vaccine pjwexia was 
produced bj^ the intravenous injection of doses of typhoid-paratyphoid vaccine 
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containing from 25 iniUion to 2 biUiou kiUea ovganisuvs. Tlie vaccine was ob- 
tained from llie ^Yiscons■nl Stale Labuvatovy oC Hygiene, 

Two e-speriments were made with a dog, in eaidi of which, after tiiree con- 
trol clearance periods in the moderately warm laboratory, the carnage suppor - 
ing the animal was wheeled into a cold room and a current ot coid an was b ow i 
against the shaved sides and abdomen by means of a large eicctric Ian. Atter 
about one hundred minutes of such exposure the carriage was wheeled back into 
the lahoratoiy and clearance )>eviods were continued for about one hundred 
more minutes. 

ui-:.sui,T.s 


Iligli-freciuency electromagnetic induction in any one of llirce body regions 
caused a rajiid anil continuous elevation of the rectal temperature, which was 
accompanied by vigorous panting. In a scries of IS comparati\e e.\ptiiinciit.s 
with three dogs the average maximum hyperthermia observed at the end ot 
twenty minutes was 1.0° F. when heat was induced in the head, l.J P- 
heat was induced in the kidney region, and S.l° F. when heat was iudiiced in 
the pelvis. The temperature returned to normal in twenty to seventj minutc.s, 
and panting ceased at normal body temperature. The ehangcs in minute % oliune 
of urine flow were inversely related to the changes in rectal tempeiatiue, as 
shown in Fig. 1. During maximum hyperthermia tliere was often an oliguria, 
but several minutes after the body temperature i)egan to decrease, the rate of 
urine flow began to increase, until it was again between 2 and 5 c.c. per minute 
at normal temperature. There was no consistent relationship between the region 
in which heat was induced and the amount of urine flow decrease. 

During the hyperthermia produced by electromagnetic induction, the 
plasma creatinine clearance generally decreased, but never significantly in- 


creased. In the series of 18 comparative experiments with three dogs the average 
maximum decrease in clearance was 13 per cent when heat was induced in the 
head, 45 per cent when heat Avas induced in the kidney region, and 27 per cent 
when heat was induced in the pelvis. A typical example of the results in each 
variety of these experiments is shown in Fig. 1, parts A, B, and C. When heat 
was induced in the kidney region in 28 experiments with nine dogs, a maximum 
decrease of the creatinine clearance of 12 to 79 per cent occurred twenty-two 
times, with a maximum hyperthermia of 0.5° to 2.6° P. In 12 of these experi- 
ments the clearance immediately increased to the control level as soon as in- 
duction was discontinued, even though the hj'perthermia persisted. In eight 
of these experiments the clearance began to increase toward the control level 
as the body temperature began to decrease. In two experiments the clearance 
remained low. The eight experiments Avith no decrease in clearance during 
hyperthermia were Avith three large dogs in Avhich it seemed impossible to pro- 
duce a decrease in clearance except occasionally Avhen the control clearances Avere 
high, i.e., more than 66 c.c. per mimrte. 


In tAvo experiments during eleeti’omagnetie induction of heat the plasma 
creatinine clearance decreased 44 and 32 per cent Avhile the renal plasma flow 
decreased 32 and 35 per cent, respeethmly. The filtration fi'action did not change 
significantly in either experiment. Immediately after induction rvas diseom 
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tiniied, tlie creatinine elearajico and the renal plasma flow increased again to the 
control values in both experiments. 

The effect of electromagnetic induction after section of tlie splanelmie nerves 
and removal of the lumbar sympathetic ganglia is shown in Table I. The magni- 
tude of decrease of the creatinine clearance during induction was much reduced 
as compared with that in the unopcrated animal, or no decrease in the clear- 
ance occurred at all during induction after the operation. 

t.vble I 


BfFECT OF ELECTROM.iGXETIC IXDVCTIO.V BEFOUE .VXD AFTER SECTION OF Sl>L.VXCItNIC NERVES 
•VXD Eejiovae of LU-MBAU Sv.mp.vtiietic Gaxcli.v 



BEFORE SYMPATHECTOMY | 

1 AFTER SYJfPATHECTOJry 

DOG 

COXTEOL 

1 FEVER 1 

CLEARAMCE 

COKTROL 

FEVER 

clearance 


cleakaxce 

! 

decrease % 

CLEARANCE 

°F. 

DECREASE % 

s 

75.0 

1 1.0 

-3.3 

00.5 

0.5 

-18 


! IS.2 

> 0.7 

—4(5 

57.7 

0.4 

-None 


53.0 

1.5 

-71 

50.3 

0.9 

-20 


41.5 

0.5 

-71 

58.5 

0.9 

-30 

w 

30.1 

1.1 

-()(> 

3S.7 

1.4 

None 


32.7 

0.(i 

-4<i 

38.2 

t 1.0 

None 


28.4 

L.3 






32.1 

1.2 



I 


T 

50.S 

1.3 


03.7 

2.7 

None 


4 ( .*> 

o 0 


61.0 

2.7 

None 




IHHHHI 

02.7 

o o 

None* 


•In this experiment there was no change in the-renal olusiiia liow Jurins or after lieatins, 
and the nitration fraction did not change. 


After denervation of tlie kidneys only of each of two dogs, electromagnetic 
induction could cause a decrease in the creatinine clearance, as shown in Table 11. 
Apparently dog K was one of that type of dog in which a decrease in the 
creatinine clearance sometimes occurs during induction and sometimes does not. 

Table II 


Effect op Electbo>jaoxetic Inpuctiox After Dexei!vatiox of the Kidneys O.n'ly 


DOG 

CONTROL 

i CLEARANCE 

FEVER 

CLEARANCE 
DECREASE % 

SP 

39.7 

3.0 

-49 


40.4 


-52 


54.0 


-82 

K 

70.0 

2.1 

None 


00.2 


-24 


02.2 

3.6 

None 


In order to make the hj-perthemnia produced by electromagnetic induction 
comparable to that of conventional diathermy botli in magnitude and duration, 
two dogs were lieated by intermittent electromagnetic induction in the kidney 
region for three hours. The body temperature ranged from 0.8° to 1.3° F. 
during this period, and the plasma creatinine clearance varied between the 
control level and 66 per cent of the conti'ol level. Tliere was no increase in the 
clearance. 

The effects of conventional diathermy upon five dogs in eight e.xperiments 
were somewhat variable, as shown in Table III. In the first place, it was difficult 
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to iiiduce :i fever in vlogs ;uul F, beeause tlie.sc animals presuniahly were able 
to liberate beat very rapidly by violent pautiu<r. The other three clogs panted 
only gently and intermittently during diathermy, but at least an lionr wa.s neces- 
sary to produce more than a degree Fahrenheit of iever in them. There wa.s only 

Qirr-Cf.'.--o-ir.c i^at isoeCTCN; a. in the vead 

• ' CLEARANCE 

4 i 

■4 

1^1 

I ^ 

f^AL^F. io I 

TJ " ■ - ■ . , , , 3 

U MlNliTESiO 20 ao 60 ao 100 l 20 

2 e. IN THE CF THE KIDNEYS. 

JXEARANCE 
5-12-39 




3 , . 

lOrKji 


URINE Flo// 


fl£CTAL’’F. 


MNUTESjO 20 40 60 80 100 120 
C. IN ite; region of the pelvis. 

SOrlOifEEj" — 

CLEARANCE 


5 ^ 

■4 z- 

a'J 

u 

"i 

j 'i 

j-og 



U 

,T = | 


UWNE Fixv/ 


RECTAL ’’F. io I 
z> 


_ MNUTESP 20 40 60 80 100 120 
^ CDNVEJVTIO NAL DIATHERM Y, SIDES OF BODY. 

1 ..T 



CLEARANCE 

urnefldy/ 


RECTAL^F. 


ohoo'’ 

MNUTESP 20 40 "to 80 100 1^ 


• 6 ui 

+ 3 - 


+ 1 ^ 

■>-oi 


. kidncj region, and (C?) in thG region of tlie nelvi<t nnri r»v»«3T>f»£.r. ^ tne liGad, ( 5 ) in 

n he same dog during fever produced by conventional diathertnf-.^ clearance and urine flow 

a moderate, slow diminution of the minute volume of urine flow durin- the 
fe\ei of conventional diathermy, as shown in Fig. 1 . Durin<r diathermvrt 
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except for a transitory increase of about 16 per cent in one experiment. After 
diathermy the clearance decreased still more in two experiments, decreased beloff 
normal in two others, and remained equal to or became equal to the controls in 
foiu’. 

Table III 


Principal Changes in the Plasma Cre.\tinine Cle-uiance of Dogs During and After Feyek 
Produced by Conventional Di.vtiiermy 



XOUMAL 

HEATING PERIOD 

AFTER HEATING 

DOG 

CONTROL 

TEMP. 

TIME IN 

CHANGE IN 

FEVER 

CHANGE IN 

FEVER 


CLEARANCE 

-F, 

MINUTES 

clearance % 

“F. 

CLEARANCE % 

”F. 

T 

60.2 

101.0 

GO 

-12.G 

1.5 

-20.6 

0.1 

K 

G3.3 

100.9 

GO 

-lo.S 

1.0 

-20.5 

1.1 







To nornial 

0.0 

Jt 

65.6 

100.6 

49 

None 

2.3 

-13.3 

1.4 

B 

44.3 

lOO.o 

59 

None 

1.7 

None 

0.2 

B 

63.8 

101.4 

7S 

None 

0.0 

-16.1 

0.0 







To normal 

0.0 

S 

49.0 

100.9 

no 

+15.7 

0.5 


0.0 





To nornial 

0.9 

None 


S 

55.S 

101.2 

ISO 

None 

O.G 

None 

0.0 

F 

55.5 

100.2 

180 

-11.0 

0.5 

To normal 

0.1 


The intravenous injection of typhoid-paratyphoid vaccine containing 25 
million killed organisms hito dog P was followed in a short time by a fever of 
0.5° F., and later by an inerea.se in the creatinine clearance of about 15 per cent. 
When a larger dose of 100 million killed organisms was used in each of twelve 
experiments with six dogs, tliere was no fever in two cases, but slight fever of 
0.4° to 0.8° F. in ten; and no significant change in the creatinine clearance in 
six eases, but a moderate increase of 8 to 38 per cent in six, as shown in Table IV. 
In Experiments 12 and 13 an increase in the clearance was not observed until 
four and one-half to six hours after injection of the vaccine. "When huge doses 
of 2 billion killed organisms were injected into dogs B and S, there was an im- 
mediate rise in rectal temperature to a maximum of more than 2° F. in about 
three hours. With subsequent luige doses of vaccine in dog S the onset of fever 
was later and the pyrexia was not so great as before. In Experiments 14, 15, 
and 16 the maximum clearanec definitely did not coincide with the maximum 
fever but occurred earlier or latei-. In Experiments 15 and 17 the injection of 
the vaccine was immediately followed by an extreme, but transitory, decrease 
in the clearance. During all fevers by typhoid vaccine injection there was no 
panting and no decrease in the minute volume of urine flow other than that 
which normally follows a moderate diuresis. 

It was found that exposure to a current of air from an electric fan in a 
room at 38° and 47° F. caused the dog to shiver violently and the rectal tempera- 
ture to increase rapidly about a degree Fahrenheit above normal. This was fol- 
lowed by a decrease in the temperature to about half a degree above normal. In 
one experiment the plasma creatinine clearance increased to neaily 30 per cent 
above normal and in the other to 18.3 per cent. Tlie minute volume of urine 
flow decreased only at a rate which noi-mally follows a moderate diuresis. Upon 
return to the laboratory at 71° to 73° P., the rectal temperature fell to normal 
veiy quiekl}^ and the clearance decreased slowly toward the level of the controls. 
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The results obtained from these experiments suggest tliat the changes which 
occur in the creatinine clearance of the dog during fever or hypertheimia depend 
upon the causal agent. During hyperthermia produced by an external physical 
means, such as electromagnetic induction or conventional diathermj, there was 
generally a decrease in the clearance but never an inci’ease, except in one instance 
when a transitory increase was followed by a decrease in the clearance. This is 
in agreement with the results of Farr and :Moen,^ who employed the external 
physical means of a heating cabinet, and also with the observation of Karr and 
Nassett' that heating with electromagnetic induction decreased the total nitrogen 
e.\cretion. But these results are contrary to those obtained by Grant and Medes- 
with conventional diathermy. Inasmuch as the postabsorptive clearance of many 
dogs varies spontaneously from day to day, it is srrggested that some of the in- 
creases in the creatinine clearance repor-ted by Grant and Medes, which were 
above the control clearances determined on previous days, might have been found 
to be equal to or less than control clearances determined just previous to dia- 
thermy on the same daj*. 

'Wlien fever was caused by vaccine injection or by exposure to cold, there 
was generally an increase in the clearance, but never a decrease, except in two 
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instances of transitory decreases followed by increases in the creatinine clear- 
ance to or above the control level. Both of these procedures may have produced 
hyperthermia by virtue of increased metabolic aetiAuty. A comparison of the 
results obtained Avith these four methods of producing hyperthermia leads to the 
conclusion that an increase in creatinine clearance Avas never due to hyperthermia 
itself, but rather to changes in the tissues Avhich Avere responsible for the IiA-per- 
thermia. As further evidence for this idea it may be noted that the ma.ximum 
increase in clearance did not ahvays coincide AA’ith the maximum body tempera- 
ture, after injection of typhoid-paratyphoid vaccine. This is in agreement Avith 
the observations of Chasis, Ranges, Goldring, and Smith® Avith a human subject. 
Furthermore, Smith® shoAvs that the inulin clearance of the human subject may 
increase about 50 per cent after injection of pj'rogenic inulin long before the 
maximum body temperature is attained. 

The deei-ease in creatinine clearance during hyperthermia produced by 
electromagnetic induction seems to haA'c been due entirely to a reduction of the 
renal blood floAv because of dilatation of blood vessels in the peripheiml Amscular 
bed. The fact that a decrease in the renal jilasma Aoav during electromagnetic 
induction and an increase to the control IcA-el immediately after induction oc- 
curred simultaneously Avith the respective decrease and increase to the control 
leA'el of the creatinine eleai’anee, AA’ith no significant change in the filtration 
fraction, indicates that the decrease in renal blood floAv Avas due either to con- 
striction of the afferent arterioles or to extrarenal siiunting of mucli of the blood 
to other parts of the body. These acth'ities seem to be brought about in part 
or entire^' by reflexes througli the thoracolumbar outfloAV, because section of the 
splanchnic neiwes and remoA’al of the lumbar chains greatly reduced or entirely 
abolished the decrease in clearance and, according to one observation, the simul- 
taneous reduction in renal blood floAV. That the decrease in renal blood Aoav 
is not due to constriction of the afferent arterioles is indicated by the fact that 
denervation of the kidneys only did not prcA’ent a decrease in the creatinine 
clearance during electromagnetic induction. The decrease in creatinine clear- 
ance during the hyperthermia produced by conventional diathermy may also 
have been due to a reduction of the renal blood Aoav because of dilatation of 
blood vessels in the peripheral A’aseular bed. It is suggested that the extreme, 
but transitoiy, decreases in clearance Avhich occurred in the typhoid vaccine 
Experiments 15 and 17 of Table IV may haA’e been due to a shunting of a large 
fraction of the blood from the renal arteries to the splanchnic A'ascular area 
because of a transitoiy shock accompanied by vasodilatation immediately folloAV'- 
ing the injection of the huge dose of v’aceine. 

The inverse relationship betA\’een the minute volume of urine floAV and the 
magnitude of the feA’er produced by eleeti’omagnetic induction AA’as probably due 
to temporaiy water conseiwation and not to dehydration, because the urine floAV 
increased soon after heating ceased. This change in the urine floAV did not 
parallel the change in creatinine clearance throughout the duration of an ex- 
periment, nor did the amount of reduction in urine flow correspond to the 
amount of clearance decrease, as is shou’n in Pig. 1. Therefore, the regulation 
of the rate of urine floAV seems to haArn been independent of the rate of glomerular 
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SU-MAIAltY 

During the hyperthermia produced by electromagnetic " He!^ 

creatinine clearance generally decrea.sed, but never signi can \ in “ ' 

induced over the kidney area was most efteetive louring 
effective when induced in the pelvis, and least effectne icn 1 1 • 

head. When heat was induced over the kidney area m 28 ojPenmen s u i 
nine dogs, a maximum decrease of the creatinine clearance ot to (9 PCi cent, 
with a maximum hyperthermia of 0.5° to 2.6° F., occun'ed twenty-two tunes 
This decrease of the clearance occurred about five minutes alter the initial ii 
in temperature, but its magnitude was not related to the magnitude ot the by pel - 
thermia. The decrease of the clearance was found to be due to a simultaneous 
decrease of the renal plasma flow. Denervation of the kidneys only did not pre- 
vent a decrease of the clearance during the hyperthermia, but section of the 
splanehnie nerves and removal of the lumbar sympathetic ganglia nearly or 
completely prohibited this decrease of the plasma creatinine clearance. 

An increase in body temperature of 0.5° to 2.3° F., caused by conventional 
diathermy, resulted in no significant change in the clearance in two e.xperiment.s 
and a decrease of 11 to 21 per cent in five experiments. In one other experiment 
the clearance increased 16 per cent during the initial lijpeitheimia, but became 
normal again, even though the hyperthermia was maximum. 

The intravenous injection of typhoid-paratyphoid vaccine resulted in a 
maximum fevei’ of 0.4° to 2.8° m lo experiments performed on seven dogs. In 
10 of these eperiments, an increase in clearance of 8 to 4 1 per cent occuired 
before, during, or after maximum hyperthermia. In five expei’iments there 
was no significant increase in the eleai’ance. In only tr\o of the 15 experiments 
did a decrease in clearance occur. 

An increase in body temperature between 1.0° and 0.5° F. occurred during 
the exposure of a dog to a euiTent of cold air at 38° and 47° F. in two experi- 
ments, during which the clearance increased 30 and 18 per cent, respectively. 

Heating by the two electrical methods caused a reduction in the rate of 
urine flow irrespective of the region of heat production. On the other hand, 
the hyperthei’mias of typhoid vaccine injection and exposure to cold had no 
appreciable effect on the urine flow'. A decrease in urine flow was due to an 
increase in the rate of tubular reabsoi’ption of water and was independent of 
changes in the creatinine clearance. 
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A STUDY OF TUF PlIFNOMFNON OF EK\THR0CY1E 
SEDLMENTATION* 


I. A CuiTICAI. SuRVKY Ol' lilTKUATUKK 


Roy E. Nichols, B.V.Sc., 


TN ANY sedimenting system there arc two components wliicli must be con- 
* sidered — the suspending medium (dispersing pliase) and t lat \\ iic i is su.' 
pended (the dispersed phase). Blood within the vessels md> ^e le sai 
have the components necessary to classify it as a .sjstcm capa i e o piesen iHo 
the phenomenon herein referred to as sedimentation. It has a iluid suspending 
medium (the plasma) and suspended material (the formed element.s). A cer am 
degree of sedimentation can be demonstrated even uithin the \c.sLse s tien^e acs 
if samples at various levels between two tourniciuets are e-vamined.’" ^ Before 
samples of blood drawn from apparently healthy horses can clot, considerable 
separation of cells and plasma occurs, much as is reported in samples from hu- 
man beings during severe disease and from women during the lattei stages of 
normal pregnancy.'* 

However, to measure the complete phenomenon of sedimentation of the 
formed elements of blood in their own plasma in vitro necessitates even in the 
horse, with its naturally very rapid rate of sedimentation, the use of artificial 
means of preventing clotting. The effects of this necessary alteration in the 
normal status of the blood upon the ultimate measurement of the phenomenon 
of sedimentation in vitro Avill be discussed later. Suffice to say that one should 
recognize that the determination of sedimentation in vitro represents not the 
phenomenon as it might occur in unaltered blood but rather’ as it occurs in blood 
necessarily changed to prevent clotting. 

Despite recognition of the fact that a complete theoretical explanation of 
the phenomenon of sedimentation is probably impossible due to its marked com- 
plexity, mention of some of the various factors thought to be involved and the 
consensus of some of the experimenters concerning the relative value of these 
factors is included herein principally to convey the source of my conception of 
the sedimentation phenomenon. Due cognizance is given the possibility that the 
opinions of some of these workers maj- have been aecpiired from results of 
techniciues which have not measured the phenomenon completely. 

•From a thesis presented in partial fulfillment of the requirements for the decree of 
Doctor of Philosophy in the Graduate School of the Ohio Stale University, June, 1941, 

This is the first of a series of four articles on the subject to be published in consecntivp 
issues of the Jouh.val. 

tComparative Physiologist, Department of Veterinarj' Science, Purdue University. 

Received for publication, April 3, 1942. 


1317 



1318 


THE JOURNAL OP LADORATORY AND CLINICAL MEDICINE 


Eeportecl data and opinions were segregated into six general groups; 
Plijsical Factors, Chemical Factors, Constane.v, Pliysiological Factors, Teelmical 
Factors, and Pathological Factors. These were further subdivided where neces- 
sary. A conservative summai’y follows: 


I. PHYSICAL FACTORS 


a. Cells vs. Plasma. — Both cells and plasma are apparently neee.ssary ele- 

ments in sedimentatjon. Changes in any of the physical and chemical properties 
of cells or of plasma may exert a variable intluenee upon the rate of sedimenta- 
tion, the magnitude of tliis effect apparentl}' being dependent upon not only 
the degree of altei’ation in any of these properties but also the properties 
altered."®’ '’®’ *’■’ 

b. Specific Gravity. — It would seem reasonable that for settling to take place 

the specific gravity of the formed elements must be greater than the specific 
gravity of the plasma. Plowever, it also seems reasonable that the degree of 
change in the ratio of specific gravity of formed elements and plasma cannot 
by itself explain the magnitude of alterations in the sedimentation velocity which 
are encountered.^^’ soi 


c. Viscosity. — It may be said that ever-present viscosity of the plasma 

resists the settling of formed elements in plasma but that changes in the sedi- 
mentation rate cannot be explained wholly’ upon the basis of changes in vis- 
cosity.®’ --^> --“> 

d. Movement of Plasma. — The general movement of plasma is upward and 
tends to retard settling.'®’ 


e. Particle Size. — It would seem that the size of the individual cell has an 
important bearing upon its fall, particularly in suspensions where there is no 
rouleaux formation or agglutination. In suspensions where cells aggregate, 
variations in the size of tlie agglomerates of cells bear a definite relationshi]) 
to the changes in sedimentation of the agglomerates — the larger the agglomerate 
the more rapid its fall.®’ ®®’ ®^’ =»’ =- =8, ■ 2 , - 3 , H5, ns, iso, sn, 2:0. 223, 22-, on, 212, 

259, 2G3, 288, 301, 321, 344 


f. Number of Particles. — Variations in the number of particles in a suspen- 
sion produce variations in their rate of fall — the more present the slower each 
individual particle will fall. Since the number of cells present may^ influence, 
among other things, the number of aggregates, there probably exists a relation- 
ship between the number of aggregates and their rate of fall; with blood as a 
sedimenting sy’stem the more aggregates the slower their rate of fall.^’ ®®'®“’ 

30, 33, 39, IS, 50-52, 58, Gl, GT, 68, 72, 73, 76, 82, 89, 93, 96, 27, 99-102, 105-107, 100, 110, 113, 115, 125. 
128, 136, 138, 142, 143, 150, 100, 170, IS6, 190, 195, 203, 204, 211, 225, 227, 232, 235, 241, 242, 255. 257-259, 
253-265, 2~-, 2S3, 2SS, 2S9, 35S, 321, 323, 329-3S1, 333-335, 340, 341, 343, 344 


g. Eouleaux Formation and Agglutination. — It seems universally’ accepted 
that the rate of sedimentation is considerably dependent upon rouleaux forma- 
tion and subsequent agglutination — the larger the agglomerates of cells the more 
rapid their rate of fall.-*’ =^’ ®®’ «®’ «®’ ■®’ ®®’ ®®''’ ®®®’ ®®®’ 

149 150, 184, 188, 190, 194, 201, 214, 217, 221, 226, 227, 231, 236, 238, 241, 212, 253, 256, 258, 259, 203, 274, 
380, 288, 289. 340, 321, 335, 3?8, 344, 348 
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h. Enviroiimcnhil Temperature.— ll seems eommonly agreed that decreases 
in the temperature of sam[)les are aeeoinpjuiied by decreases in tlic rate of sedi- 
mentation, and that increases in temperature are associated with increases in the 
rate. It would appear that there is some dift'erciice of opinion as to the effects of 
heating plasma.^- 

:.i3, J.'is, :S3, .loo, an, .331, 333, 33a, sso, 3»o 

i. Other Physical Forces . — Apparently such forces as the electrical charge 

of tile eell, potential difference, cohesive forces, surface forces, repulsive forces, 
and osmotic pre.s.sure, exert inllucnce either directly upon the sedimentation of 
agglomerates themselves or indirectly upon the [ihcnomena of rouleaux formation 
and agglutination.'- =*• "'• ' 

1S2-184, 201, 203, 211, 217, 221, 23«, 23S, 242, 2:»3, 235, 201, 20r., 250, 26.'», 25S, 312, 323 


170, 170, ISO, 
320, 344 


n. CUKMICAI. KACTOaS 


a. Ilcmoytobin . — That hemogloliin within normal range.s bears a fairl}' con- 
stant relationship to normal values of sedimentation is to be expected but cor- 
relation between changes in hemoglobin and changes in .sedimentation is debat- 
able *'* 


b. Venous, Arterial, and Capillanj Blood . — The consensus seems to be that 
results from tests on venous, arterial, and capillary blood, as commonly obtained, 
agree.*®’ -•'®' 


e. Oxygen and Carbon Dioxide . — While large variations in the oxygen or car- 
bon dioxide content of blood experimentally may produce some alteration in sedi- 
mentation, simple aeration of blood prior to determination of sedimentation seems 
to be of no important gignifieance.*‘’’‘®’®*’’®*’*®®'''’'’’’*‘^’’“^’*”’^®^’“®''’“''®'®®®'-'''“'-°‘'®-^ 

d, pB . — There seems to be a difference of opinion as to whetlier variations in 
pH influence sedimentation even though some agreement exists that acidosis slows 
the rate and alkalosis hastens it.®- "• *- 

e. Protein Fractions . — It would appear that increases in fibrinogen, and to a 
lesser extent perhaps globulin, have an accelerating effect upon sedimentation 
while increases in albumin have a retai-ding influence.’- ®’ 

^ 8 , 50, SI, 53, 57-59, 69-73, 78, SO, 82, 94, 87, 89, 03, 00, 97, 104-107, 115, 122, 128, 130, 132, 135, 138, 142, 
147, 152, 160, 163, 170, 173, 179, ISO, 158-190, 190. 199, 201, 204, 206, 213, 214, 218, 227, 230-234, 236, 245 
246, 253, 254, 257, 258, 203, 265, 2C7, 268, 271, 273-275, 277, 282, 2S8, 290-292, 299, 305, 312, 325, 337 328 330 333 
337, 342-344, 348 


f. Cholesterol and Lecithin . — Increases in cholesterol are said to be accom- 

panied by increases in sedimentation while increa.ses in lecithin are said to be asso- 
ciated with decreases in sedimentation.”- ®’- ®®- 232, 241, 247, 253, 254, 

263. 274, 299, 320, 325 

g. Other Chemical Factors . — That other chemical factors such as bile products 
chlorides, lactic acid, lipoid equilibrium and nitrogen balance, may influence sedi- 
mentation is not doubted, but whether any of these can offer a complete explanation 
of the phenomenon of sedimentation is assumably dubious,®- ®- ’2- ==- as, ss, oe, 115, 

^30, 169, 182, 183, 234, 253, 234, 263, 265, 325, 344 


ni. COXSTAXCY 

In the opinion of the majority a certain constancy of re.sult.s during health an 
])arently can he expected. However, there is enough opinion to the contrary to su" 
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gest a careful critique of these tccliniques since a multiplicity of techniques have 
been employed 

The more literature that is reviewed the more one comes to realize that the 
phenomenon of sedimentation is very complex, and its measurement probably 
does not represent the measurement of any particular constituent or property 
or any limited group of constituents or properties of the blood sample being con- 
sidered. It represents a measurement of a balance between, on the one side, the 
influence of all the constituents and properties, intrinsic or extrinsic, which 
augment the separation of the fluid and formed elements of a particular blood 
sample, altered so as to allow this separation to take place, and, on the other side, 
the influences of all the constituents and properties which delay this separation. 
If this conception be reasonable, then all constituents and properties, intrinsic 
and extrimsie, must be causal, even though variations in some may be of more 
relative importance than variations in others. 

It would appear that alterations in the balance of these opposing constituents 
and properties may be the result of changes in the body itself (intrinsic) and 
changes brought about by the necessary manipulation of the blood sample (ex- 
trinsic or technical). Since the clinical value of the test probably lies in its use 
as a delicate measure of the intrinsic changes in the particular sample the re.sult 
of disease, then the intrinsic changes of a normal physiologic nature and the 
extrinsic or technical factors which may produce changes in the manifestation 
of the phenomenon must be enumerated, evaluated, controlled or allowed for 
before the measurement of sedimentation can be said to reflect pathology'. 

IV. PHYSIOLOGICAL FACTORS 

a. Sex . — The majority' believe that the rate of sedimentation is faster in 
adult women than in adult men. There is some difference of opinion as to 
whether this difference can be accoimted for solely by the difference in volume 
per cent of cells as noted between men and women. 

138, 202, 259, 204, 340, 343 

b. Pregnancy . — Pregnancy' is recognized as causing an inez’ease in sedimenta- 

tion, being first noted after the first few months, reaching its peak at parturition 
and gradually returning toward normal during puerperium.®’ "®’ 

71-74, 82, 93, 96, 103, 127, 138, ISO, 183, 184, 194, 201, 202, 211, 233, 250, 26T, 270, 274, 285, 322, 330, 343 

c. Menstruation. — Some authors find an increase in sedimentation during 
menstruation. Others doubt an inex-ease above normal limits.'^®' 

295, 322, 340, 343 

d. Age. — A difference of opinion exists regarding age but the majority' find 
a slower sedimentation in adults than in y'oung or old persons.®®’ 

202, 211, 225, 288, 301, 312, t43, 340 

e. Food . — That ingestion of food has no effect upon sedimentation seems at 
least generally accepted.^- «■’ ‘o®’ 

f. Exercise. — ^Again a difference of opinion exists. Pi’obably' the degree of 
exercise is important since enforced rest is reported as delaying sedimentation 
and overwork as increasing it.®"* 

g. Sweating. — Profuse sweating by' electi’ic baking had no effect on sedi- 
mentation.® 
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h. Excitcmcnt.— l\'ii\ii talaMi at times of grealei- exeilenient in cliiklren gave 
higher readings.^'- 

i. rime of Dun— A ilin'ercnee of opinion exists as to wliellier or not the time 

of (lay lias any direct effect upon tlie sedimentation rate.''^*’ ' ‘ ■ 

j. Atmusi)hci'ic CoiidHioHS. — Atmosjiherie conditions are reported as liti\ing 
some effect on sedimentation/''*' ”*• 

V. TIXMINICAL I'ACTOKS 

1. It would seem that (irji'cciihlc rc-'inlta upon the same sample can be ob- 
tained with certain technicpies. However, literature upon this subject is verj’’ 
deficient and technicines differ considerably.""’ 

*2. It seems commonly accepted that venous slusis should at least he mini- 
mized, since if it is applied in excess, .sedimentation is usually considerably re- 
turded 

3. Too little unticuuejulunt, as well as too much anticoagulant, is to be 

avoided. Anticoagulant and blood must be properly mixed. Different anti- 
coagulants yield different results. Altbough solutions of sodium citrate have 
probably been used more than any other anticoagulant, the present tendency is 
to lean toward the anticoagulant mixture of Heller (ind Puul'-^ and toward 
heparin, for these two seemingly produce little variation in cell volume as well as 
sedimentation. Differences of opinion naturally exist concerning the proper kind 
and amount of anticoagulant to use.®- -'>■ “>‘'- 

313, IID, 123, 123, 133, H'l, H.l, 2X0, 221, 224, 232, 235, 211, 245, 24'J, 25", 23S, 204, 2S0, 2S3, 311, 321, 322, 320, 
340, 341, 343 

4. It would seem that the general consensus is that delay in condueting a 

measurement of the sedimentation of a sample may cause retardation of the rate. 
The maximum amount of permissible delay reported is variable from a few hours 
to several hours. It is suggested that the retarding effect of delay may bear some 
relationship to the kind of anticoagulant used and also the temperature at which 
the sample is kept.^“’ ^sc, 201 , 211 , 

224, 227, 239, 240, 242, 238, 230, 281, 283, 288, 323, 330, 338, 340, 344, 348 

5. Although it has been recognized that a uniform mixture of cells and plasma 
IS necessary at the start of measurement of sedimentation, it would seem that 
little attempt has been made to demonstrate that such a uniformity is actually 
established.^®’ 

6. There has been a multiplicity of hihes used for the measurement of sedi- 
mentation. However, there seem to be certain generalities which are quite com- 
monly accepted. Capillary tubes are thought not to be dependable. The majority 
of workers used tubes of over 2 mm. bore and apparently thought them satis- 
factory. The general opinion seems to be that longer tubes yield faster rates, 
yet there is reason to doubt this upon a phjmical basis. It seems recognized that 
the sides of tubes should be parallel and the bottoms should be flat. 8, 10, 12, 17-19, 2G, 28, 

20. 33, 30, 30, 51, 54. 55, 57. 58, 00, 04. 72. 70. 78, 79, 82. 94, 90. 101, 100, 108, 109, 114, 115,’ 118, 137, 145, 154, 164, 
171. 180, 193, 108. 204, 211. 214, 223, 227, 234, 233, 241, 250, 238, 259, 263-203, 273, 278, 287, 288, 293, 315, 317,' 
321, 322, 325, 329, 330, 340, 341, 343, 348 

• perpendicularity of the tube seems generally reco<^ 

luzed.-. 34. 30. 42. 04. 73. 79. 114, 113, 154. 104. 191, 193, 210, 211, 225, 217,^5 24I 25^20!' 

293, 31., 321, 330, 340, 348 ’ ’ ' 
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S. It appears generally accepted that sedimentation takes place in three 
stages: (a) Initial aggregation and accelerated fall, (b) Constant fall, (e) 
Slowing or retarded fall. 

There is evidence that sedimentation occurs as a sigmoid curve. This would 
render dubious the possibility of a phase of constant fall. 

9. There e.xists a great variety of methods of expressing sedimentation, the 
great majority of w'hich depend upon a relationship between the position of 
the line of demarcation between cells and plasma and the amount of time since 
the test was begun. Some have used the amount of time necessary for the 
border between cells and plasma to reach a certain mark, some have noted the 
position of this line at a given time, and others have e.Kpressed the descent of 
this border line by reading its position at definite time inteiwals. Jlany of tlie 
mentioned methods probably fail to c.xpress the plienomenon completely and some 
probably do not represent e.vpression of any part of what is generally considered 
the most important phase of the phenomenon, namely, aggregation, jilultiple 
readings of the degree of settling at frequent time intervals or mechanical means 
of measuring the rate seem to offer advantages. 

It is felt that evidence from results with an automatic photographic device, 
which continuously records the rate of descent of the line of demarcation be- 
tween cells and plasma, is convincing that the best measurement of the phe- 
nomenon of sedimentation, as evidenced by the rate of descent of the line of 
demarcation between cells and plasma, is a continuous measurement wdth estima- 
tion of the point of change in the resulting sigmoid curve. Such estimation, 
if even partially to express the important aspects of the curve, must in- 
clude the amount of separation before the point of change takes place, the time 
at which the point of change occurs, and the rate or velocitj' of separation im- 
mediatelj’^ preceding the point of change (expressed as an angle between the 
steepest portion of the sigmoid curve and perpendicularity).*’ 

30, 33, 30, 37, 50, 53, 55, 57-50, 61, 64, 68, 60, 72, 73, 76, 70, 88, 03, 04, 96, 00-101, l03, 105-lOS, 110, 113-115, 
llS, 119, 134, 130, 137, 150, 154, 150, 164, 171, ISO, 181, 186, JOO, 194, 195, 19S, 201, 211, 214, 215, 2lS, 225, 
227, 235, 241, 258, 259, 204, 205, 273, 278, 287-289, 293, 295, 298, 3Ul, 302, 308, 315, 317, 321, 325, 32S-'331, 
333, 334, 340 

VI. PATHOLOGICAL FACTOR.S 


Inclusion of several references brings out the generallj' accepted theory that 
alteration of the sedimentation phenomenon portraj’s metabolic changes — the 
result of nonspecific destructive disease.®’ ®*’ 

110, 114, 115, 174, 195, 108,' 201, 211, 239, 265, 274, 325, 330, 339, 343 

The second of this series of articles will deal witli the establishment of a 
reliable technique with evidence of its reproducibility and limitations. 
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THE EFFECT OF OPERATOE ON THE VARIABILITY OP BASAL 

METABOLISM DATA 


Dena Cederquist,’* Maxhattax, Kax. 


S tudies of basal metabolism reported in the literature suggest that all tests 
wei’e made under standard conditions. Standard conditions for the de- 
termination of basal metabolism have come to mean that the person was in a 
postabsorptive state, comfortably warm, had a normal bodj" temperature, was 
aw'ake but at complete rest and free from the effects of ph 3 'sical exercise, mental 
and phj'sieal irritation, and fear. As it is almost alwaj's possible to meet these 
conditions, the error associated with technical procedure would be expected to be 
reduced to a minimum. Thus two successive observations made on one person 
under the foregoing conditions should agree closely, or in the language of the 
statistician, the two observations should show little intradail.v variation. How- 
ever, in actual practice, more or less variation tends to occur. 

In this laboratory 450 tests on 225 women between 15 and 45 years of age 
were made under what wei’e believed to be standard conditions. A Benedict-Eoth 
closed circuit machine ivas used. In most cases the subjects were brought to the 
laboratory by ear and were required to rest in bed one-half to one hour before 
the observations w'ere made. A few of the tests were made in a women ’s residence 
hall. For these, the metabolism apparatus was moved into the subject’s room, 
and the observations were made in the morning before she arose. Tw’O eight- 
minute tests with a three- to five-minute rest period between them Avere made on 
each person. All observations were used unless some obvioush^ disturbing factor, 
as an unexpected noise, affected the test. Five technicians were responsible for 
collecting these data. 

Because the obsei-vations Avere made under standard conditions using the 
same equipment, it Avould seem logical to expect that the variation observed in 
individual records made on the same daj' AA’ould be of the same magnitude for 
the entire gi’oup. To determine if this AA’ere true, an analj'sis of variance AA'as 
made on the 450 tests Avith the records diAuded on the basis of the technician aaIio 
made the test. That portion of the analj’sis relative to the Amriation observed in 
records made on the same day is shoAAm in Table I. 

In the interpretation of this portion of the analj’sis of variance, the size 
of the mean square is used as a measure of intradaily variation. The larger the 
value of the mean square, the greater is the variation in the obserAmtions made 
on one person on any given daj^ It can be seen from Table I that this variation, 
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!is indicated by tlio value ot’ tlie mean sciuarc, is not the same for all technicians. 
It will be noted that for Technician 0 the mean sciuare of the records on the 
same day is about two and one-half times that of Technician B. 3 his difference 
is groat enough to he of statistical importance. It indicates that succe.ssivc tests 
made by Technician 0 show significantly more variability than tho.se made by 
Tocluiieian B. This observation has suggested that in this study, where the 
same piece of apparatus was used each time under what is believed to be standard 
conditions, some of the differences in the amount of intradaily variation may be 
attributed to the technician. 


Taui.e I 


Analysis or I-VTuauaily Vaiuatios' 


TECIINICI.VK 1 


MEAN SQUAUESt 

B 


1.42 

G 1 


l.tll 

R 

42 

2.17 

K and C 

124 

2.1S 

0 

4S 

3.4S 


•Degrees of freedom = (n-1) where n refers to the number of observations. 

.su m of the squares of deviation from mean 
degrees of freedom 


tMean square or variance = 


No definite e-xplanatioii for the differences noted between technicians is 
offered, but a plausible suggestion is that they may be due to differences in 
sensitivity of the observer. For example, one technician might note every 
unexpected noise, draft, or bright light which could disturb her subject and 
would discard the test becaiLse it was not done under standard conditions. 
Another operator might not recognize such disturbing factors and would believe 
that standard conditions had been established ivhen in reality they had not. 
Also, not all persons approach a given situation with the same degree of 
relaxation. If the operator is tense, it is possible to induce a tension in the 
subject without the latter realizing she has been disturbed. In either case a 
source of error has been introduced Avhich Avill increase intradaily variation. 

Part of the intradaily variability in basal metabolism tests on the same 
person may often be attributed, therefore, to some characteristic of the tech- 
nician. 'When all technicians are carefully trained, the differences in variability 
cannot be attributed to careless workmanship, but may be accounted for by 
differences in sensitivity to the interpretation of standard conditions. This 
study suggests that, even though standard methods have been outlined for the 
determination of basal metabolism tests, it is possible for the technician to 
introduce variability and thus decrease the reliability of the tests. 




LABOEATORY SHAKING ^lACfllNE* 


E. E. Myers, M.D., Philippi, W. Va. 


A STURDY, silent shaking machine, which can be easily built in a small 
machine shop, is shown in the photograpli. The diagram gives detail of 
construction. The length and period of excursion arc those specified for use 
in the Kahn test. Witli used eonneeting rods and a used motor tlie machine 
can be built for twenty-five to thirty dollars. 

Fig. 1 in the diagram is a side view of the shaking machine. The rocking 
amis are model A Ford connecting rods with the crankshaft-bearing portions 
cut off. They are welded together to make an overall length of 10 %g inches. 
The wrist pins must be parallel ; tins can be accomplished by a wooden jig that 
has parallel blocks on wliich the pins are held Iiy clamps diiilng the welding. 

The wrist pins are clamped to the baseboard and top board by % inch 
pipe clamps, the boards being hollowed slightly to allow the connecting rod 
parts which extend beyond the wrist pins to have freedom of movement. Side 
motion is prevented by the lock rings in the eonneeting rods. The oil holes on 
the bottom pieces are plugged with wooden plugs. Celluloid cement can be 
coated over the ends of the plugs to prevent seepage of oil through the paint. 
The oil hole at the top is left open to receive oil (about number 10 motor oil 
is used for lubrication). All w-rist pins should be a medium tight fit only. 

The thiw arm is made from two V-8 Ford connecting rods w'ith a short 
piece of model A rod welded between them to give a total length of ,121/4 inches 
from center to center. The wrist pins of the throw arm are cut off just the 
width of the throw arm plus the thiclmess of two fiber washers w’hich go one on 
either end of the pin. Fig. 7 shows another view of the connection of the 
throw arm to the rocking arm. The % inch bolt is drawn up tightly, holding 
the wrist pin securely against the surface of the rocking arm, which, w’here the 
pin strikes it, is filed to a flat surface. The fiber washers shown as F in Fig. 7 
then act as spacers for the throw arm, eliminating noise. The connection of 
the throw arm to the eccentric is made in a similar manner. The plate for 
the eccentric is shown in Fig. 6. The holes in it must be parallel, and after it 
is welded to the shaft of the bearing showm in Fig. 5, the surface to which the 
throw arm is connected should be machined in a lathe to give a flat surface 
parallel to the throw aian. This is essential to prevent binding of the throw 
arm during rotation of the eccentric. The % inch machine bolts used to fasten 
the throw arm bearings are somewhat smaller than the holes in the wrist pins 
through which they pass, and this permits adjustment of the arm on the eccen- 
tric to produce the exact excursion of the top board of 1^/2 inches. 


‘From the Laboratory of tlie ityers Clinic. Philippi. 
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The heaving illustrated in Pigs. 3 and 5 is an automobile packlcss tj'pe 
water pump ball bearing and shaft, New Departure, No. 8851563, 10S55G. While 
welding the plate to the shaft of this bearing, care must be taken to prevent the 
bearing from becoming too liot, as by wrapping wet asbestos paper around it. 
Electric welding is necessary here. The bearing case is pressed into a piece of 
1 inch pipe coupling which can be used witliout alteration, i.e., the threads are 
left intact. Before tire bearing is fitted, the coupling is welded to a piece of 
11/4 inch pipe, as shown in Pigs. 3 and 4. Tliis pipe is welded to a plate which 
forms the base to be attached to the bottom board by four bolts. 



Fie. s. 

Pig. 8 is a top view of the completed machine. The boards forming the 
clamp for the Kahn racks are covered with rubber cut from stair tread. These 
rubber pieces can be cemented or tacked with small brads. Carriage bolts 
1/4 by 31/k inches are used to attach tiie end board. A block with a V in it can 
be made for holding a bottle, permitting it to be clamped in place of a rack. 

The motor is a 1,750 r.p.m. and %n h.p. (or larger). Using a li/4 iii*ib 
pulley on the motor, the speed will be slightty slower than that required. The 
speed can be increased b 3 - wrapping tire tape around the pulley in a direction 
opposite that of its rotation. The speed is cheeked after each addition of one 
or two layers of tape until the revolutions per minute of the large wheel, as 
determined by a speed indicator (or by oscillations of the top board), are be- 
tween 275 and 285. 

Diameters of pullej^s are li/k inches and 9 inches. The pulleys maj’’ be 
obtained from Central Die Casting and Manufacturing Co., Chicago, as 150A 
and 900A, respectively. Length of belt is 33iA inches. It is a V belt, Good- 
rich, PHP No. 1340. 



A METHOD FOR MBASURINC, THE TENSILE STRENOTII AND 
STRETCH OP PLASilA CLOTS® 


1. M. Tari-OV, M.D., Alvin- L Goi-nKAKB. and Bkrnard Bknjamin, ^I.D. 

Brooklyn, N. T. 


TN THE course of experinieuts on autologous plasma clot suture of ner\cs, 
i a somewhat crude but simple method of testing the tensile strength and stretch 
of clots formed in vitro was devised. This technidue has since been improved 
and in its present form has given fairly consistent measurements which haAC 
aided in the determination of the most suitable types or plasma clot for use 
as nerve suture material. Since the method may be of use in ot lei e cs o 
investigation, particularly the hematologic, a description of it is considered 
advisable. Careful search of the literature has disclosed previous methods for 
measuring the tensile strength and stretch of plasma clots.-’ ^ However, the 
present method, which was independently evolved, appears simpler, more read- 
ily constructed, and seems to us more suitable for accurate determination of 

these values. _ , . , . . 

Blood is drawn in a chilled syringe coated with mineral oil and is imme- 
diately transferred to paraffin-lined test tubes packed in ice. The tubes are 
placed in 250 c.c. metal cups filled with ice and are centrifuged for fiom fi\e 
to seven minutes at 2,750 r.p.m. Centrifugation for longer periods often re- 
sults in clotting of the plasnia. On remoA’al from the centrifuge the tubes are 
at once repacked in ice, and the supernatant unmodified plasma is ready for 
use. If blood to Avhieh an anticoagulant has been added is used, it is chilled 
and centrifuged in an identical fashion. 

One cubic centimeter of the plasnia is pipetted into a test tube of 8 inm. 
inside diameter in a rvater bath at 37° C. and allowed to clot. 'When a clotting 
agent is used, it is placed in the test tube in the water bath for a brief interval 
before addition of the plasma so that the temperatures may be as constant as 
possible throughout. After coagidation the clot is AnthdraAvn from the tube 
by touching the tip of a heated platinum wire to the upper surface. The clot 
adheres to the rvire and can easily be lifted out. When clot retraction has not 
occurred and the clot adheres to the test tube, a fine cool platinum Avire is run 
carefully around the clot to loosen it. 

The upper end of the clot is grasped in the rubber-sleeved jaAvs of a small 
hemostatic clamp held horizontally^ by^ means of a support, clamp holder and 
clamp. A common pin is pushed through one of the rubber sleeves and points 
to the zero mark of a millimeter rule held vertically by another clamp affixed 
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fntlnwTntr .annlication of clip ; C, use of apparatus for nieasurins' tensile strength and stretch 
S clots. Clot riimvn supports clip and weights totaling 15 Gin. with stretch of 4.5 mm. 
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to the same support. 'I'lie rule is just heliiiul ami to tlic side of tlie clot. The 
end oC the pin pointer is lixed to the zero murlc of the rule with a drop of 
collodion. This zero mark is permanently adjusted to eorres[)oiul to the june- 
tion of the elot and elamp (Fiji;. 1). A lifrlit “radio elij)” with the eylindrieal 
wire ^uide cut open and bent to form a hook and with ruhher-sleeved flattened 
jaws is clipped to the lower end of the elot. One eentimeter of tree elot is left 
for testing;. Throuj'h one of the rubber .sleeves of the elit) is another eominon 
pin which indicates a mark on the rule level with the junction ot elot and clip. 
A Viea\y silk thread is knotted about the niiper iminter, sti'un}' i)arallel to the 
rule, and fixed to the clamp below. This serves as a stuide for the lo^ver pointer 
which runs between the rule and the thread and also serves to damp the swiii'' 
of the clip which results from the addition of weifjhts. The stretch resultin'; 
from the application of the clip (weight 4.0 Hm.) and each additional weiftht 
load is measured as the increase in distance between tbc two pointers. Rubber 
bauds (weight 0.5 Gm.) are slit .so as to slip over the heads of weights, and the 
weights are thus gently added to the hook of the clip at inteiwals of fifteen to 
forty-five seconds until the clot breaks (Fig. 2). It was found convenient to 
remove all the weights at 40 or 45 Gm. and to substitute for them, adding the 
next increment, a single 50 Gm. piece. At this point the tendency of the clot 
to approximate its original length is recorded. This may be repeated at 90 to 
95 Gm. by adding a single 100 Gm. piece after removal of the weights. A 
cotton padded drinking cup may be placed beneath the weights to catch them 
and the clip when the elot breaks. The tensile strength of plasma clots from 
8 healthy adult human males was found to average 44 Gm. The values ob- 
tained from ill persons were freciuently considerably higher. The stretch seems 
to be directly proportional to the weight load ; each 10 Gm. increment causes an 
average stretch of 2 to 3 mm. The final increment causas a greater rapid 
stretching which results in the break of the clot. Further detailed studies of 
tensile strength and stretch are being carried out. 
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METHOD OP SUSPENDING BOTTLE* 


B. E. Myers, M.D., Philippi, AV, Ya, 

A n easy method for suspending an inverted bottle as for use in a Wangen- 
steen suction apparatus,^ etc., is described. 



Fie. 1- 


Either Venetian blind eoi'd or suspender cord is satisfactoiy. A piece 
about 3 feet in length (for a gallon bottle) is used to make a ring aroiuid the 
bottle with three loosely tied luiots evenly spaced. A second piece of cord, 
about 10 feet long, is started down through one of these loops, brought around 
the neck of the bottle, crossed over and brought back up through the next 
loop. It goes througli the iron ring (liarness ring lt/4 inches in diameter) which 
is to suspend the bottle, passes down tlu-ongh the third loop and continues as 
above until there are two ropes through each loop. The ends of the rope are 
tied together and the loiots in the rope around the bottle are drawn tightly. 

Fig, 1 shows the appearance of the completed suspension. 

reference 
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PROTECTIVE CAPS FOR GEASS TISSUE GRINDERS* 


Ei)\va1!d J. Folky, Notuk Da.mk, Ind. 


T issue gviiulei-s eonslsUng of paired tulie-s one within tiic other in whicli 
tissue fragments or bacterial cluini)s are emulsified are widely used in virus 
and bacteriologic work. The tubes are roughened and are made to fit snugly 
by grinding with abrasive powder. 

Two types are principally used; (1) 'I'he TenBroeek grinderf made of 
heavy pyrex glass, and which is designed mainly for manual manipulation, and 
(2) thase more or Ic.ss similar in design to that described by Hanks, the 
plungei's of which are activated by a mechanical rotary device.-'^ 

. The use of grinders is accompanied by the risk of contamination of the 
material being ground by air-borne bacteria and of contamination of the 
operator with the material through splashing, etc. 

The apparatus of Corper and Cohen^ and that of Hanks^ have devices to 
reduce the chances of contamination. The present report is eoncerned with a 
.simple means of preventing contamination of the material and of protecting 
the operator when either the TenBroeek or Hanks type of grinder is used. 

Devol gum laibber caps, such as are used for nursing bottles or centrifuge 
tubes, are selected which will fit over the mouth of the receptacle tube. A hole 
is punched in the center of the cap with a cork borer and the shank of the 
pliuiger is pushed through it. The hole should be of such size that the shank 
of the plunger fits snugly but without binding. 

The grinder parts are wrapped .separately for sterilization. The receptacle 
portion is plugged with cotton and may be dry sterilized. The plunger part, 
because of the nibber cap attached, must be autoclaved. After inserting the 
material to be emulsified, the lip of the receptacle tube is flamed, the plunger 
is inserted, and the cap is fitted over the outer tube with aseptic precautions. 

The use of the protective cap is advantageous in grinding tissues by hand, 
since considerable manipulation for a time maj"^ be necessary and abundant 
opportunity for contamination is present. 

Likewise, a protective device is desirable when cultures or tissues are 
emulsified using a mechanical rotor. The gum rubber caps described are more 
convenient than the holed cork stoppers used by Hanks, since diluting fluids 
can be aseptically introduced through the cap udthout stopping the motor by 

means of a syringe and hypodermic needle after rubbing the surface with 
alcohol. 
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A SLAIPLE TEST TUBE RACK AND COMPARATOR* 


Alfred Lewix Copr.Ev, M.D., Kansas City, E1\x. 


T he rack for test tubes is very .simple and .space saving, as can be .seen from 
Fig, 1. If a test tube ivithout a lip is desired, the lip can be easily sub- 
stituted by a rubber band placed around the top of the tube. Should it be 
necessaiy to observe the Imver part of the test tubes for extended periods of 
time, a detachable block may be placed to support each end of the rack (Pig. 2), 




Fiff. 3. 


Further, the rack can be used to complement a light bo.x for compai’ative 
readings and thus is a part of a simple comparator for color intensity or for 
measuring the brightness of light reflected by the particles in suspension in a 
tube. It was used in our studies with the toluidine blue reaction for heparin.^' ' 
The interior of the light box is painted white and contains two fluorescent bulbs 
of sufficient length to fill the longitudinal axis of the box. Their light is re- 
flected through a plate of milk glass and thus illuminates the samples under 
test. The box can be used also as a titration light. 

Fig. 3 illustrates the comparator with a permanent rack for tubes con- 
taining standard solutions and a support for the sample rack described above. 
Both rack and comparator are constructed from wood and are, therefore, inex- 
pensive to manufacture. 
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AN APPARATUS FOR THE 
intra:muscular 


SIMULTANEOUS :\ieasure:\ient 
AND VENOUS PRESSURE® 


OF 


Lewis Guxtiieu, M.D., axu Henry H. IIexsteei-, il.D. 
Los Axgeijs, Came. 


T he use of Henderson’s modifieution of the instrument devised by Kerr and 
Scott' for the ineasureinent of intrainuseular jiressure has certain draw- 
backs. (a) It requires the use of two men, botli of whom must be trained in 
its use. (b) Especially difficult and a source of most errors is the reading of 
the end point when the meniscus begins to move in tlie capillary tube, (c) dhe 
need to refill constantly the capillary tube witii sterile saline when frequent 
readings are desired. 

Principally, the shortcoming of this method is the need for manpower 
greater than our team could furnish when simultaneous venous pressures were 
desired. 

Tests conducted \s'itli the Henderson apparatus and our modification of the 
instrument by Wells, Youraans, and ililler- convinced us that the macroscopic 
gravity method for the measurement of the intramuscular pressure gave com- 
parable results. 

For convenience, the venous manometer and the intramuscular pressure 
manometer are mounted together. The sections can easily be disengaged for 
sterilizing (Pig. 1). The reseiwoir {R"'), which holds 50 e.c. saline, is connected 
through a glass stopcock (S) and a T tube to a 5 mm. glass tube with a 3 
mm. bore (Ji). The outlet is controlled by a screw clamp [Sc) over a rubber 
tube which holds the female portion of a metal-connecting link (C). The male 
portion is inserted into imbber tubing, which in tuim is connected to a needle 
adapter, and the 26 gauge needle which is inserted into the muscle. 


T.\ble I 

Intramuscular and Venous Pressure Readings Over a Period of 60 AIinutes 


PATIENT 

TIME (MIN.) 

INTRAMUSCULAR 
PRESSURE (MM. H^O) 

VENOUS 

PRESSURE (cm. HjO) 

P 

0 

82 

6.9 


7 

84 

6.6 


12 

17 

80 

80 

6.7 


20 

74 



30 

77 

7.9 


35 

45 

73 

73 

8.1 

7 9 

. 

60 

73 

8.2 


•From the Cedars of Lebanon Hospital, Los Angeles. 

Aided by a grant from the Ciba Pharmaceutical Products. Inc.. Lafayette Park. Summit. 
Received for publication. March 9, 19 - 12 . 
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The venous niauometcr is similarly constructed, but the tubing of the 
funnel and the manometer is split to facilitate sterilizing. Tlic manometer and 
tlie reservoir tubes arc conjiected by standard glass or melal-eonneeting linlis 

(Fig. 2). 



Fig:. 1.-— Apparatus for the simultaneous measurement of intramuscular and venous pi'es- 
sure, assembled after sterilizins. 

Pig-. 2 . — Upper part of apparatus removed to show fflass and metal connections and slot 

“V." 


A vertical piece of metal (F) is mounted front and back to reinforce and 
give rigidity to the extension piece which is slotted (Fig. 2) to slip over the 
screw that is tiglitened lightly when tJie apparatus is assembled. 

The venous reservoir (Rv) is filled Avith 3 per cent sodium citrate and the 
venous pressure^ needle is gauge 18. 

The iutraiuAiscular reservoir (R'>‘) is filled Avith saline. The special slotted 
needle described by Henderson' is inserted into the muscle. The zero level of 
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the appanitus above the lloor is (letenuined l)y moans of a watci- air Imlihle 

level, attaelied to a stiff steel tape { Via- 3). 

The level of the needle in the vein and in tlie nuisele and tlie level of the 
auricle are obtained by the same means. The manometer tubes are tilled from 
the re-sorvoir, and are i)ermilted to attain their level by •Gravity. It takes aliout 
five minutes for the fluid to eciniUl.rale mitli the miisele and two to tiiree min- 
utes in the vein. Thus continuous readings of the intramuseiilar and venous 
pre.ssures can be made at five-minute intervals. 




Fig. 3. — Steel tape and water level arrangement for obtaining zero point of apparatus, auricular 
level, and levels of the intramuscular and intravenous needles. 


Difficulty with the reading may be had with the fii'st intramuscular pres- 
sure reading.. It may be necessary to pull the needle back or to in.sert it deeper 
to obtain a free fall of the fluid level in the manometer, A .second and a third 
check reading will ascertain the workability of the apparatirs. Thereafter, 
readings may be obtained over a long period of time niereb^ hy refilling the 
manometer tvche from the reservoir to a level above the value of the intramins- 
cular pre.ssure and allowing it to fall by gi-avity. Likeu’ise, the vein is fiu.shed 
with 3 per cent sodium citrate from time to time to keep the needle clear, and 
continuous readings may be taken at will. 

It will be found that intramuscular prassure reading.s will vaiy over a 
range of 10 mm., and venous pressure readings over a range of 2 cm. in any 
•senes of reading.s (Table 1). The latter will vary only 1 cm. if the patient 
IS (piiet, not straining or coughing, but will vary over 2 cm. range if the patient 
is apprehensive. 
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AN IMPEOVED EOUTINE TISSUE STAINING TECHNIQUE FOR 
FORJIALIN-PIXED TISSUES^ 


Henry S. Bi.ank, A.B., j\I.D., Columbia, S. C, 


A S A MATTEE of eoiiveiiieiiee, time, and economy the time-iionored routine 
^ tissue stain has been that of hematoxylin and eosin, almost to the exclu- 
sion of any other. The technique is simple, even for inexperienced hands; the 
results are adequate for routine diagnosis of surgical and necropsy pathology. 
The stain has its limitations, iiowever, particularly in the presentation of cer- 
tain histologic and pathologic structures. The chromatic expression of these 
structures in stained sections has given rise to a host of special stains which 
are individually applicable. Lack of time, material, and technical assistance 
has limited the use of these techniques. This is especiallj’ true of smaller 
pathologic laboratories. It follows that any technique that will give better and 
more extensive detail with a minimum of complexity will be welcomed. 

Of the several other generally advocated routine tissue staining tecliniques, 
the Mallory eosin or phloxine methylene blue procedure has few peers. How- 
evei’, the effective presentation of histologic detail by this method is beset by 
several difficulties. Among these are the more or less axiomatic requii’ement 
of Zenker fixation, length of staining time, individual differentiation of slides 
under the microscope, and finally, lack of uniformity of results except in 
expert hands. 

It Avas the aim of this laboratory' to effect a staining technique that had 
the advantages of the methylene blue eosin sj'stem with none of its disadvantages. 


general PRINCIPLES 


Ohbnacher’s discovery of the mordanting action of formaldehyde on coal 
tar dyes was utilized in the preparation of a methydene-blne-azure mixture.^ 
Giemsa stain was added to the metlijdene blue as a source of the azures. It 
appears to contribute a generally' Avider chromatic scale by gh'ing additional 
variation in the shades of blue. 

Jlerem’ochrome 220, commonly used as a disinfectant, replaced eosin. This 
dy'e is dibrom-oxymercury'-fluorescein and is closely related to eosin Avhieh is 
tetra-bromfluorescein. Conn= quotes BaldAvin as stating that it may be used in 


♦From the Pathological laboratory of tlie Veterans’ Administration Facility, Columbia, 
neceived for publication, March 17. 1942. 

T>iiblished with permission of the Medical Director, Veterans’ Administration, who assumes 
responsibility for the opinions expressed or the conclusions drawn by tlie. author. 
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2 percent aqueous solution in place oi; eosin for tissue work after Zenker fixa- 
tion. Conn .states that it has a stronger affinity for cytoplasmic structures than 
eosin anti staining properties not unlike erythrosin or phloxine. 

It was determineil lliat llie 2 per cent atpieous solution gave far too bril- 
liant rosult.s, and that a dilution of 0.1 jicr cent was more than adequate. The 
stain has an apparent speeilie affinity for cytoplasmic structures and is not 
easily vtashed out. The difi'usene.ss of staining, so characteristic of eosin, is 
quite absent. 

HEQUIHED STAINS 

1. Hematoxylin, Dclaficld. 

2. llethyleuc blue— 0.5 fim. dissolved in 10 c.c. of absolute alcohol diluted 
to 100 c.c. with 4 jicr cent neutral formalin. 

Gicm.sa stain — stock solution — 1.5 c.c. diluted to 100 c.c. with 4 per 
cent neutral formalin. 

:Mix both stains. This mixture forms a stock solution to which is added 
1 Gm. of borax. Dilute 1 ;20 for use. 

3. jMereuroehrome 220 — 2 jier cent stock solution 5 c.c. 

.rUcohol 95 per cent 25 c.c. 

Water To make 100 c.c. 

STAINING PROCEDURE 

1. Deparafifinize formalin-fixed tissue sections in two changes of xylol. 

2. Absolute alcohol — one minute. 

3. Alcohol, 95 per cent — one minute. 

4. Alcohol, 70 per cent — one minute. 

5. Water — one minute. 

6. Hematoxjdin, Delafield — five minutes. 

7. Wash in two changes of water to remove excess stain. 

8. Decolorize until rose colored in Avater to AA'hich several drops of con- 
centrated hydrochloric acid have been added. 

9. Wash in water. 

10. Wash until blue in water to which several drops of strong ammonium 
hydroxide have been added. 

11. Wash in water. 

12. jMereuroehrome solution — one minute. 

13. Wash in water to remove excess stain. 

14. Methylene blue — azure stain — tAvo minutes. 

15. Wash in Avater to remove excess stain. 

16. Decolorize in 95 per cent alcohol until no more color is seen to come off 
in drippings, about fifteen to thirty seconds. 

17. Wash briefly in 95 per cent alcohol and complete dehydration in Iavo 
changes of absolute alcohol. 

18. Clear in tAvo changes of xylol. 

19. jMount in balsam. 

It is desirable to filter the mercuroehrome before using, to remove the 
bright golden scum Avhich forms on standing for any length of time. A 0 1 ver 
cent aqueous solution has been found satisfactory, without the addition of 
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alcohol, but the latter appears to give slightly better results. No particular 
improvement was noted by tlie addition of colophony to tlie differentiating 
alcohol. 

Staining by this technique appears to give greater nuclear detail than is 
observed by hematoxylin and eosin. Fibrous tissue is sharply differentiated 
from muscle tissue. Inflammatory and lilood elements are exceptionally promi- 
nent and present detail in botli nucleus and cytoplasm. Othei’ structures stain 
as in the Jlallorj'- technique. 

SUSniARY 

A new staining technique is presented which is suitable to routine tissue 
sections fixed in formalin. It is simple, does not require individual niieroscopie 
differentiation of sections, and produces excellent and uniform results even in 
inexpert hands. 

REFERENCES 
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A NEW DEVICE FOR THE APPLICATION OP SCALP ELECTRODES 
IN ELECTROENCEPHALOGRAPHY 


Robert Cohn, M.D., Washington, D. C. 


'^HE device consists of a spring air valve seated in a brass or plastic easing. 
••• Pig. 1 shows in longitudinal section the essential de.sign characteristics and 
mechanism of the device. The total weight of the electrode applier, with brass 
casing, is less than 15 Gm. 


method of use 

Tlie scalp surface is prepared according to standard procedures. The solder 
pellet electrode is tlien held in position by placing the valve pin on the electrode 
and making gentle pressure on the thumb rest of the electrode applier. A di’op 
or two of collodion is then allowed to flow over the electrode. To hasten the 
setting of the collodion, it is necessary to disperse its volatile solvents. This is 
readily accomplished by a blast of air from the device. A moderate increase 
in the pressure exerted on the thumb rest of the electrode apiilier opens the 
valve and allows the compressed air to escape through the applier outlet. Three 
to five pounds per square inch of pressure is quite adequate for efficient diying. 
Since only loiv pressures of air are required, tlie electrode applier can be con- 

♦From the I>aboratories of St. Elizabeths Hospital, Washington, D. C. 

This work is in part aided by the Supreme Council 33“ Scottish Rite, Masons of the 
N’orthern Jurisdiction, U. S. A. 

Received for publication, March 31, 19-12. 
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iicctod to the coiupre-ssed uir-redueiii'^ vulve (I'roin tiiuk oi line) by inciiiis oL’ 
tliin-walled rubber tul)■m^^ Tliis adds inueli to tlie eseneral ease of manipula- 
tion of the device. 

I 

I 



CONCLUSIONS 

This electrode applier .simplifies the technique of electrode application for 
the following reasons : 

1. Ease of manipulation resulting from its compactne.ss and lightness. 

2. Efficiency of operation. 

3. jMore firm and more uniform application of electrodes result from the 
minimum pressure required to open the air valve. 

4. Rapidity of electrode application because of the proximity of the air 
blast to the applied electrode. 



CHEMICAL 


SIMPLIFIED OXYGEN ^VNALYZER FOR OXYGEN TENTS® 


A. H. Andrews, Jr., M.S., M.D., and L. W. Roth, Ph.D. 
Chicago, III. 


' I ^HE impoi'tance of oxygen eoneentrations in the therapeutic uses of oxygen 
has received considerable enipliasis. In spite of tJiis, many oxygen tents are 
not controlled by oxygen eoneentration determinations. 

Many oxygen tent analyses were made and the majority of the determina- 
tions showed exj^^gen concentrations to be from 30 to 45 per cent. After the 
nurses were instructed to flood the tents more frecpiently, the concentrations 
were somewhat higher but were still not satisfactory. It was also apparent that 
regulation of the concentration by a technician to 50 per cent or over three times 
a day would not maintain the concentrations satisfactorily between his wsits 
because of the nursing care which necessitated opening the tents. It "Nvas con- 
cluded, therefore, that oxygen analysis by the nurses was necessary in order 
to maintain the desired eoneentrations. 

The following criteria were considered essential for an oxygen analyzer 
suitable for use bj" nurses : 1. Use of equipment familiar to nurses. 2. No ad- 
justment of fluid level. 3. Absence of valves. 4. Reasonably foolproof. 5. In- 
expensive. 6. Accuracy within plus or minus 2 per cent. 

The analyzer described below was devised. The fifteen which Avere built 
and used for two years ivith satisfactory results fulfilled the above-mentioned 
criteria. 

DESCRIPTION 

The analyzer consists of a 200 c.c. glass jar (see Pig. 1) filled with No. 30 
pure copper cloth. A No. 11% rubber stopper is drilled to hold a glass tube 
8 mm. in external diameter and 10 inches long, and to hold firmly the tip of a 
standard 10 c.c. syringe. The glass tube extends from the bottom of the jar 
high enough so the fluid does not overfloAv. The loAver end of the tube is con- 
stricted by heating and the upper end is closed Avith a small toy balloon. 

The scale consists of a strip of paper cemented to a strip of light brass and 
held on the tube Avith rubber bands. The scale is calibrated by injecting Avith 
the syringe the folloAving amounts of air, and after the fluid stops dropping, the 
level is marked at the concentration as indicated: 10 c.c. of air, 21 per cent; 
8.75 c.c., 30 per cent; 7.5 c.c., 40 per cent; 6.25 c.c., 50 per cent; 5 c.c., 60 per 
cent; and 3.75 c.c., 70 per cent. 

The solution in the eopper-ammonia-ehloride reagent, recommended by 
Badger,’ consists of equal amounts of Avater and concentrated ammonium hy- 

•■From the Oxygen Therapy and Clinical Research Departments of St. Luke’s Hospital and 
the Department of Physiology and Pharmacology, Northwestern University Medical School, 
C^hicago. 

Received for publication, May 2, 1942. 
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dvosidc (2S per cent) satiirated witii anunoniuni eliloricle. Tlii.s .soUiliou does 
not give off euougli ammonia to i}c objectionable. As it becomes exhausted, the 
solution forms a yellow precipitate which can be dissolved with a small quantity 
of the fresh solution. 



A 10 c.c. syringe, moistened occasionally with water, is attached to the 
ONygen sampling outlet or catheter extending into the tent and flushed four to 
SIX times. The plunger is withdraum to the 10 c.c. mark, the syringe is de- 
acked, and the tip is covered with the finger. The tip is inserted into the hole 

plunger move during the 

^ter Zt fl / IS pushed doum gently and twisted until it sticks, 

mbutel th 1 ^.the tube is stationary (within tiventy seconds to one 

If ^ checked by an injection of 10 c c of air 

2ry S adjusted as ?eees: 

y. This, like the replacmg of the solution, should he done hv a +o»r, ■ • 
or by the supervisor of the oxygen therapy. ^ ^ technician 

DISCUSSION 

_ oxygen tent is no better than the oxygen coneentritinn n 
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the dosage should be recognized and controlled. Analysis by a technician at 
intervals is valuable, but inasmuch as the tent may have to be opened for nursing 
attention between analyses, there are periods when the concentration drops. 

This analyzer is designed for the nurse to use. Slie is instructed to make 
an analysis each time tlie tent has been opened and closed, and to adjust im- 
mediately the concentration to 50 per cent or over. In addition, the concentra- 
tion is determined eveiy hour. This frequent testing of the concentration also 
makes the nui’se realize that frequent unnecessary opening of the tent is detri- 
mental to the patient. 

The time required for tlie analysis is almost negligible. Withdrawing the 
sample and injecting it into the analyzer requires le.ss tiian thirty seconds, and 
the nurse can return in a minute or two and read the concentration. 

The cost of the material for making the analyzer itself is small; the syringe, 
fiu'thermore, is a standard hospital item. The apparatus can be made in any 
laboratory equipped with tlie necessary hole cutters and metal shears. This in- 
expensiveness makes it possible to have sevciml on hand. When the solution 
becomes exhausted, another can be substituted. 

SUIIJIARY 

An oxygen analyzer is described, which has been designed specifically for 
use by nurses. The analyzer is reasonably accurate, simple to use, inexpensive, 
and can be made in the ordinary laboratory. 

Analysis of the oxygen concentration after each time the tent is closed and 
at fiequent intervals increases the efficiency of the therapy. 

REFERENCE 

1 . Badger, W- L.: The Detoniiinution of O.vygen by the Copper-ammonia-chloride Reagent, 
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THE SPECTROPIIOTOHETRIC DPTrEUMlNATlON 01- I IIOSI IIOKUS 

and cnorH-^sTEKOE" 


■\Iiu)UKD Kauciiku, ^PS., Viiu:inia Bcrros, A.L., axd 
Hauou) II. ^Y^.UAM.s Pii.D-, Dctkoit, Hicn. 


DECENT advances in the development of speetrophotonietne ms nnnen s 
tv precise coloi- measurement make it possible to attain ecpial oi Siea et a 
curacv in chemical analysis and to employ procedures whicii have been In herto 
unavailable. Furthermore, they offer the ad%mntage ol increasing the 
determinations tliat may he performed in a given time. us papei piesen .s 
adaptation of phosphorus and cholesterol methods to the speetiop lo onie ti. 


PHOSPHORUS DETERMIX-VTIOK 

The boundaries of quantitative biochemistry have been greatly extended by 
Van Slyke and his associates through the development and applieation ot the 
gasometrie technique for the microdetermination of oiganie eai ion. ^ le 
principle of their procedure has been adapted successfully to microqumitities 
of inorganic phosphate,^ sulfate,- calcium, « and magnesium' by manometric com- 
bustion of their organic precipitates. The introduction and use of special com- 
bustion centrifuge tubes''' ® permitting, wthout transfer, precipitation, u as i- 
ing, and combustion of the organic compound has simplified the method and ex- 
pedited the time needed for carrying out the detennination. 

Prom the vieu'point of microtechnique and aceuracj , the gasometrie de- 
termination of phosphorus is ideal. The laboratorj possessing a spectro- 
photometer, however, may use the present adaptation to advantage, since it 
facilitates with a similar degree of accuracy the analysis of large numbers of 
samples with less highly skilled and trained personnel, and eliminates anj' inter- 
ference from contaminants such as atmospheric dust and carbon dioxide. Ap- 
plying the following procedure, it has been possible to perform a large series 
of phosphorus analyses in one day Avhereas formerly two or three days were 
required. 

The procedure of Kirk-* is followed up to the washing of the precipitated 
phosphoric acid in the form of strj'chnine phosphomolybdate. An aliquot 
(usually 6 ml.) of the phosphoric acid sample is placed in an ordinary 15 ml. 
conical pjwex centrifuge test tube. Two milliliters of the strychnine molybdate 
are added dropwise with continuous shaking and allowed to stand not less than 
ten minutes.! The tube is centrifuged, the supernatant liquid is decanted, and 

•From the Research Laboratory of the Children’s Fund of Michigan, Detroit. 

Received for publication. May 4, 1942. 

tin the original procedure of Kirk the reagent is added rapidly to the sample and the 
contents of the tube are thoroughly mixed. The tube is then permitted to stand for twentv to 
forty-five minutes to complete the precipitation. If carried out by the above modification theri^ 
is saving in time since precipitation is complete at the end of ten minutes. 
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350 400 450 500 550 600 650 700 

WAVE LENGTH MILLIMICRONS 


Fia 1. — Transmittance wave length curve for color of strychnine Pliosph^ipijhdate i 
sodium liydroxide. Filter No. PC (5 used from 301) to 400 Filter No. PC -1 used iro‘ 
Concentration of phosphorus, 0.025 mg. in 100 ml. 


dilute 
400 to 700 mg. 



Pig. 2. — Concentration of phosphorus us. transmittance. 


the mouth of the tube is wiped free of any remaining liquid. Two milliliters 
of 1 per cent nitric acid are added, the precipitate is stirred with a glass rod, and 
the tube is centrifuged for five minutes. The washing with nitric acid is re- 
peated twice (three washings in ail) ; no stirring is necessary in the last wash. 
The precipitate is then dissolved in 2 ml. of 1 per cent sodium hydroxide, ant) 
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Fig. 3. — Transmittance wave length curve for color developed by cholesterol (clear circles) and 
cholesterol digitonide (filled in circles). Cholesterol concentration O.C mg. in C ml. 



FiS. 4. Concentration of cholesterol vs. transmittance. Maximum average deviation ±0.6. 


the contents of the tube are completely transferred into a 100 ml. volumetric 
ask with distilled water. After making to volume, the sample is ready for 
color measurement.® ^ 

Pig. 1 shows the spectral transmittance curve of the strychnine phospho 
mo^ate m a dilute sodium hydroxide solution. From 400 to 550 m,x the 
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absorption decreases to zero and remains there until 650 m/x is reached. Above 
650 niju, there is slight absorption. Since tiie maximum ab.sorption lietweeii 400 
to 700 niyu. was at 400, tlie spectral jiropertics of the solution were examined be- 
tween 350 and 400 ni/t. The maximum absorption was obtained at 375 m/i. 


Table I 


CoMPAP.isox OF SrECTnopiiOTo.METRic AXD Gasojietwc Detep.mi-vatio.v of Phosphorus 


PllOSPlIOIiUS 

MG. 

GASOMETUIC 

PHOSPHORUS 

MG. 

REUOVERV GASOMETUIC 
PHOSPHORUS 

PER CE.VT 

tbaxsvittaxce* 

PER CE.VT 

O.OOOJ 

O.OOCJS 

lOl.J 

77.0 


0.0080S 

101.0 

71.0 

n.00.00 

o.oons 

102.2 

G5.3 


0.0127(i 


50.4 

0.01 GO 

fl.OlaSS 

99.3 

48.3 

0.0102 

0.01922 

100.1 

41.4 


0.0197 

98.5 

39.5 

n.02i 

0.0244 

101.0 

32.0 

0.02SS 



25.8 


- 

- 

22.J 


•Alaximuni average deviation ±0.0. 


Table I shows the comparative values of a scries of standards ranging from 
0.0064 mg. to 0.032 mg. of pliospliorim, as determined by botli tJie speetro- 
photometrie method and by the ga.somctric microtecliniqne. By plotting the 
transmission values against the quantities of phosphorus on semilog paper, a 
straight line results, as illustrated in Fig. 2, thus demonstrating that Beer’s law 
is obeyed over the range of concentrations studied. 

CHOLESTEROL DETER.UIN.VTION 

There have been many procedures proposed for the determination of choles- 
terol. The microprocedure for the determination of free and combined cholesterol 
of Sehoenheimer and Siiei'ry'’ achieves a degree of aceuraey which has pre- 
viously been obtainable onl.y with the ela.ssieal macrogravimetrie technique of 
Windaus. Because of the weak color intensity in the small volume required by 
the method, the use of this excellent and precise procedure, unfortunately, has 
been limited to only those investigators possessing a photometer. Ulost of the 
available photoelectric measuring devices are not equipped with cells of the 
2 M’oper depth to volume ratio to make accurate measui’ement of the limited 
amount of faintly colored solution.’® The colorimeter has been employed for 
measuring the color, but it has not been altogether practical. The Coleman 
Universal Spectrophotometer, however, which employs a square cuvette giving 
a depth of approximately 1.3 cm, for a volume of 6 ml., has proved satisfactory, 
provided the cholesterol digitonide is dissolved in double the quantities of re- 
agents, as recommended® for large pi-eeipitates. 

The method up to the dissolving of the cholesterol digitonide for color 
measurement is exactly as given by Sehoenheimer and Speny,® including the 
more recent improvements recommended by Sperry®- ’® The cholesterol digito- 
nide is dissolved in 2 ml. of glacial acetic acid, 4 ml. of acetic anhydride, and 
0 mi of concentrated sulfuric acid. After developing the color in accordance 
wrth the original method,® it is measured in the spectrophotometer employing the 
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G30 in/i wave baml. Fi-oin the .speelral tnm.sinitlaiiee eiirve.s oi' elioleslerol and 
cholesterol digitonide, as shown in Fiji. 3, it may lie noted tliat tlic maximum ab- 
sorption oceui’s between G20 and ()3;> m/x lor liotli eompounds. iSoninteileience 
of the dii'itonide witli the li;,dit absori)tion of elioleslerol is a decided advanta.i'e, 
as was pointed out originally.'-' 

Transmittance values were determined for 0.04 mg. to 0.7 mg. of cholesterol, 


eiicompa.ssing a range higher than that given in the original method (0.02 to 
0.013 mg.). This wider range has been made po.ssihle by doubling the amounts 
of digitonin used for precipitation of the cholesterol. The 1 ml. of digitonin 
solution reeommended'-’ will precipitate the cholesterol com])letely up to and 
including 0.3 mg. Above 0.3 to 0.7 mg., however, 2 ml. of the digitonin solu- 
tion are recpiired to preeipitate the cholesterol completely. If there is doubt 
as to the quantity of cholesterol in an unknown, 2 ml. of the digitonin solution 
may be used with as low as 0.1 mg. of cholesterol. A scries of samples contain- 
ing from 0.1 mg. to 0.3 mg. gave the same per cent transmittance values when 
precipitated with 1 ml. of digitonin .solution as with 2 ml. Plotting the trans- 
mittance values against the concentration of cholesterol (Fig. 4), it may be 
noted that Beer’s law operates over the range of concentrations studied. 


.SUAI.MARY 


The gasometric phosphorus and the colorimetric cholesterol digitonide 
methods have been adapted sueec.s.sfully to use with the spectrophotometer with- 
out saerifieing original features of microtechnique, specificity, and accuracy. 
Phosphorus may be determined within the range of 0.006 to 0.3 mg., quantities 
similar to the gasometric method. For cholesterol it has been possible to en- 
large the quantities (0.04 to 0.7 mg.) determined without loss of aecuraej’. As 
a result of these adaptations the above micromethods should find a wider ap- 
plication. 
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A MECHANICAL MANIPULATOE POE SMALL PIPETTES* 


Fkaxklix Hollander, Ph.D., and Julius Stein, B.S. 
New York, N. Y. 


I N THE course of some work on tlie chemical properties of native mucous secre- 
tion fronr the digestive tract, we encountered difRculty in delivering exact 
volumes of this extremely viscous material for microchemical analysis. Our 
analytical methods aim at a precision of better than 1 per cent, and they call for 
the delivery of 0.1 ml. samples with a considerable degi'ce of reproducibilitj". 



Fig. 1, — Manipulator tor small pipettes. 


Because of its extreme viscosity and tenacity, we found it necessary to draw the 
material up into the sampling pipette without overshooting the graduation as 
well as to deliver the sample with rinsing. Consequently, the usual oral method 
of manipulating a pipette rvas imsuited for this purpose, and it became neces- 
sary to employ a mechanical device. The following arrangement, embodying a 
simple mechanical principle, has proved so very efficient in our work, as rvell 
as for other purposes, that we describe it for the benefit of others, espeeiallj' 
workers in clinical laboratories who frequentlj^ work with 0.1 ml. quantities. 

Contrary to the usual procedure, the pipette and manipulator are supported 
rigidly in a ring stand. The vessel containing the matei’ial for analysis is sup- 
ported underneath by one hand while the sample is being taken. Suction and 
delivery are both effected by mechanically controlled changes in the volume of 
air trapped in a small piece of rubber tubing. The upper end of this tubing (A) 
is closed with a piece of glass rod or with rubber cement ; the pipette stem is at- 
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tacheJ to its lower oml nt (li). The tubing is held between two rigid metal plates, 
the front one of whicli (C) ean be driven gradually against the back one (P) 
by means of a screw with knurled knob (E). These plates arc both 5 cm. long, 
their widths are 13 and 35 mm., respectively. The distance between the fiont 
of the supporting frame and the back plate is about 15 mm. A nut (F) soldered 
to the inside of the supporting frame serves to steady the movement of the scieiv 
without increasing the weight of the device. The pins (G) serve only to keep 
the front plate (0) from swerving from side to side, and the 15 cm. rod {II) 
supports the device on a ring stand. 

Before the pipette is immersed in the liquid, the tubing must he compressed 
to a moderate degree; thereafter, gradual relca.se of this pressure will serve to 
draw the liquid up to the graduation mark without ovei’shooting the mark, and 
recompression will serve to deliver the sample as required. In order to insure 
complete filling and emptying of the pipette, the volume of air contained in the 
rubber tubing must he slightly greater than the capacity of the pipette. For 
0.1 ml. samples we use a piece of red rubber tubing (inside diameter 4.5 mm., 
wall thiclmess 1 mm.) about 6 cm. long, exclusion of the upper and lower ends 
which are filled with glass. A similar device of slightly larger dimensions has 
been employed for pipettes of greater capacity. 


SniPLIFIED illCRO^klETHOD FOR BLOOD SULFONAMIDE 
DETERMINATION* 


GmsERT M. Jorgensen, jM.D., Ancon, Canal Zone 


TN THIS report is described a modification of the diazotization method' for 
quantitative determination of unconjugated sulfonamides in blood. The 
modification permits the use of smaller quantities of blood and lessens the time 
required for performance of the test. In accomplishing these advantages only 
a small degree of accuracy has been sacrificed. 

A reduction in the amount of blood requii’ed to only 0.02 e.e. has made 
possible blood suKonamide determinations on small laboratory animals without 
sacrificing their lives. The method has been applied without ditficulty for 
blood sulfonamide determinations on mice. It has been used for six mouths 
for routine determinations on childi-en receiving sulfonamides, and has proved 
satisfactory. 

A saving in time required for performance of the test has been accomplished 
by omitting the precipitation of blood proteins which permits the determination 
* to be carried out in one vessel. 

An Evelyn photoelectric colorimeter with filter 540 M has been employed 
though other photoelectric colorimeters should seri'e equally well. For measur- 
ing^ blood ordinary 0.02 e.e. “hemoglobin” pipettes have been used. 

New York.™ of Pediatrics. Columbia Medical School, and the Babies Hospital, 
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The reagents required are glacial acetic acid, 0.1 per cent aqueous solution 
of sodium nitrite, 0.5 per cent aqucoius .solution of ammonium sulfamate, and a 
1 per cent aqueous solution of N- (naphthyl) ethylenediamine dihydrochloride. 

PROCEDURE 

To 2 c.c. of distilled ivater in a colorimeter tube add 0.02 e.c. of capillary 
blood ivith a “hemogloliin” pipette. Add 2 e.c. of glacial acetic acid and 1 e.c. 
of a 0.1 per cent aqueous .solution of .sodium nitrite. Shake. After one minute or 
more add 1 e.c. of a 0.5 per cent aqueous .solution of ammonium sulfamate. Shake. 
As soon as the bubbles have risen to the surface, insert the tube into the Evelyn 
photoelectric colorimeter after ad.iu.sting the tube holder for 6 c.e. volumes and 
inserting filter 540 II. To obtain the first of the two readings necessary, adjust 
the galvanometer string to 5.0 on the loiver scale (the midpoint, sometimes 
designated 50), remove the tube, and read the galvanometer. This first reading 
(air setting) serves as a blank and also enables one to calculate the hemoglobin 
concentration. 

After the first reading has been obtained, add 0.02 c.e. of a 1 per cent 
aqueous solution of N-(iiaphthyl) ethylenediamine dihydrochloride from 
a dropper calibrated to deliver that amount per drop. Shake. After three min- 
utes or more adjust the galvanometer string to the fir.st reading, insert the tube, 
and obtain the second reading. 

Calculation of the concentration of the sulfonamide pi'esent involves the 
use of the following formula ; 

Concentration of sulfonamide = K (log 5.0 - log second reading) + C. 
K is a constant determined by using a hemoglobin-free solution of a sulfonamide 
of known concentration. C is a correction made necessary' because of the pres- 
ence of hemoglobin; within the range of hemoglobin values encountered, the 
correction necessary is approximately' proportional to the hemoglobin con- 
centration. 

The concentration of hemoglobin may' be calculated from the following 
formula : 

Concentration of hemoglobin = K' (log first readmg — log first reading 
of hemoglobin-free blank). 

The correction C = K (log 5.0 - log second reading) K" (log first reading 
- log first reading of hemoglobin-free blank) may' be incorporated into the first 
formula as follows : 

Concentration of sulfonamide = K (log 5.0 - log second reading) + E 
(log 5.0 - log second reading) K" (log fimt reading - log first reading of hemo- 
globin-free blanle). K, K', and K" may' be determined from standards of known 
concentration. The application of the above formula appears rather laborious; 
however, imth the aid of a calculating machine one may prepare in a few hours 
a table listing the values for aU galvanometer readings. 

The correction, C, is not large; for sulfanilamide it amounts to about 1 
per cent per gram of hemoglobin. For routine determinations, if an error up to 
10 per cent is acceptable, one may simplify the standardization and the prepara- 
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tioii of ;i reference tiil)le by oiiiittiii^ C from the formuUi aiul delerininiiig <i 
coiistaiit K'”, iLsiiiu blood of averaije Iiemoi?lol)iu eoiieeutration in addition to a 
standard sulfonamide solution. A blank is not neee.ssary e.xeeiit for the de- 
termination of the constants. 

The most likely souree of error resull.s from the oeeasional adherence of 
bubbles to the side of the colorimeter tube. If the tubes are cleaned with clean- 
ing solution, bubbles .seldom adlicre to the g)a.s.s, and wlien j)resent, they usuall.v 
may be dislodged by shaking the tube. 


KKI’KUKXCK 

1. Bratton, A. C., and ifarshall, E. K.. .Tr.: Xeu- foiipliiig Component for Sulfanilamide 
Determination, .T. Itiol. ('hem. 128; oaT-o.lO, lOIiO. 

SOT-l Bno.tnwAY 
New Yor.K, N. Y. 


ITEM 


Meeting of Scientific Photographers 

The Biological Photographic A.ssociation will hold its Twelfth Annual 
Convention in New York City September 10, 11, and 12. Present-day methods 
of obtaining photographs for teaching and scientific records will be discussed 
in detail. Particular emphasis will be placed on the types of photographs 
needed in the present emergency. The Convention Chairman will be Mr. 
Joseph Haulenbeek, Illustration Division, Rockefeller Institute for ^Medical 
Research, New York City. Further particulars about the meeting and the 
program may be had by i\Titing him. 

The Biological Photographic Association is a national, nonprofit organiza- 
tion, formed to act as a clearing house for infonnation on the methods of 
scientific illustration. Its members are scientific photographers, scientists 
interested in the application of photography to their fields, and the makers of 
precision photographic equipment. Infoi-mation on various techniques, collected 
from experienced workers all over the countiy, is dispensed by means of the 
Association’s Quarterly .Journal, Travelling Loan Albums and Print Salons, and 
direct correspondence through the office of the Secretaiy. The 1942 Salon of- 
medical and biological prints will be on view at the Convention. 



DEPARTMENT OF ABSTRACTS AND REVIEWS 


Robert A. Kildufpe, M.D., Abstract Editor 


HEMOGIiOBINOMETRY, Bimington, C. Brit. JI. J. 1: 177, 1042. 

The following method is described: 

A 1:500 dilution of blood in decinormal sodium liydro.vide is made, using a standard or 
calibrated pipette. This dilution may, of course, bo made in two steps, if it is preferred, 
as in the ivorked e.vample quoted below. After :i few minutes at room temperature a con- 
venient volume, such as 10 e.c., is measured into a .small tlask, and one-lifth of the volume 
of pyridine is added. Upon mi.xing by gentle rotation the conversion of tlie hcmepignients 
into the alkaline parahematin is completed within a few seconds; hence there is no necessity 
to allow the original blood dilution to stand for ten, twenty, or even forty minutes before 
proceeding, or alternatively to heat in a boiling water bath, as is required when the alkaline 
hematin method is used. 

A pinch of good quality sodium hydrosulfite (Na.,S.>0^) is now added to the nii.vture, 
and the contents of the flask are swirled gently until the solid has dissolved. The immediate 
color change to pink denotes the conversion of the pigments into pyridine hemochromogen. 
Without undue delay (to guard against reo.xidation) the solution is transferred to a photo- 
electric colorimeter cell, and the light absorption in the region 550 to 555 mg is measured, 
using a suitable filter (e.g., Ilford spectrum filter No. C05 — yellow green). From the calibra- 
tion factor, obtained by using known weights of pure hemin instead of blood and proceeding 
as above, the hemoglobin content of the blood is then calculated. 

Molecular weight of hemin, O^jH^jO^N^PeCl = (151.4 
Iron content of hemoglobin = 0.334 per cent 
Therefore, Molecular weight of hemoglobin = OG,SDO 
Hemoglobin 00,890 

Hemin ~ 4 x 05J.4 = 

Should it be contended that the error involved in calculating the molecular weight of hemo- 
globin from its iron content is undesirably large, the results might alternatively be e.vpressed 
in terras of hemin or hematin. The extension of pyridine-hemochroniogen prepared from 
crystalline hemin and using a photoelectric absorptiometer with Ilford No, 005 filter and 
1 cm. cell was found to be O.IOS at a concentration of 1 mg. per 100 c.c. 

Should no photoelectric colorimeter be available, the concentration of the pyridine-heino- 
chromogen solution may be determined by one of the alternative methods, such as color 
comparison in a colorimeter with a standard prepared from hemin (standard solutions of 
hemin in alkali should be kept in the dark) or dilution while viewing with a hand spectro- 
scope until the intensity of the absorption band matches that of a standard, as described by 
Eoets (1940). This last method is certainly the most simple and rapid, although not quite 
so accurate as the use of a colorimeter. Pure hemin is easily prepared according to Gatter- 
mann (1937), but should be recrj'stallized as follows: 

Five grams of hemin are dissolved in 15 e.c, of pyridine, and 40 c.c. of chloroform 
are added. The solution is passed through a No. 3 or No. 4 sintered-glass filter to remove 
any protein and is run into a mixture of 250 c.c. of acetic acid plus 5 e.c. of saturated 
sodium chloride plus 4 c.c. of concentrated hydrochloric acid, which is maintained at water- 
bath temperature. After cooling to room temperature the crystals are filtered and washed 
successively with 50 per cent acetic acid, water, alcohol, and ether, and tlien dried. 

The author has used the pyridine-hemochroniogen method with equal success for specimens 
of plasma and urine containing hemoglobin, myohemoglobin, or mixtures of these with their 
derivatives. It is only necessary to adjust the initial dilution so that the concentration of 
pigment in the final solution falls within the comfortable range for measurement. 
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1-1 . 1 tn 100 c.c. "iHi (lecinormul .soilhini 
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•( after all..vi,.S .!» .i«ft.r. rv.ft. ..ll-.U 

pvridine for a further half hour. 

ran With the Wilson and Blair Medium for, Brad- 
B. DYSENTEEIAB (Elexner), Experience 

Shaw D. B. Brit. M. 5 - 1 = , . 

and Blair u.e.liu.u and tho-sc with MaeConkey .s Agar. 


Table of results with Wilson 


MaeConkey 
plate 



V~7~;7n ^uor Coloii iea 

1 Wilson-Blair 
Plate 


Remarks 


Negative 

Uncountable 


1 
+ 

4" 

Uncountable 

Uncountable 
10 

Uncountable 

Uncountable 

Uncountable 

[Uncountable 
[Uncountable 
Negative 
[Negative 
100 
30 

Uncountable 

30 


100 

'eS'"-'"- I 

jNegative 1 

, Positive on both media: 8 

Positive on Wilson and Blair ’.s medium only: 
Positive on MaeConkey agar <^7- - 

?otal poMtive on Wilson and Blair’s medium 
Total positive on MaeConkey 3 agar. ( 


[pure culture of Flexner on 
Wilson-Blair plate 

Ipure cultures of Flexner on 
IVilson-Blair plate 

1 Little to choose between the 
two media 


Ipure culture of Flexner on 

Wilson-Blair medium 
[Pure culture of Flexner on 

Wil.son-Blair medium 
1 Pure culture of Flexner on 

Wilson-Blair medium 

I 

10 


19 (90 per cent) 
10 (50 per cent) 


TAKATA-ABA BEACTION, the Diagnostic Value of, Waugh, T. B., and McKenna, E. D. 

Am. J. M. Sc. 203: 722, 1942. 

Analysis of a series of 300 Takata-Ara reactions, carried out for the most part on 
patients who showed a hyperbilirubinemia or who gave reason to suspect the presence of 
hepatic disease, indicates that the test has considerable diagnostic value. It would appear 
tl,at the difference of opinion which has arisen in the literature concerning its value is due 
to the use of various techniques and a lack of precision in reading the results. A means is 
described whereby more accurate results may bo obtained. 

The method used by- the authors follows: 

The test may be done on blood serum, plasma, or transudates such as ascitic fluid. 

Most of our results were obtained from oxalated plasma procured at the time of carrying out 
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a complete hemogram. Blood is u.sually taken for such tests in the morning, between 10 and 
12 o’clock, to avoid any effect of digestive processes on the plasma. At lea.st 1 c.c., free 
from hemolysis and cells, is required. 

A series of S tubes, approximately 10 eni, in length and the inner boro of 1 cm., are 
placed in a rack. The tubes must, of course, be thoroughly clean. One cubic centimeter 
of 0.9 per cent sodium chloride is pipetted into each tube, and 1 c.c. of plasma is added to 
the first tube. This is mixed with the saline by .‘•baking, and 1 c.c. of the mixture is with- 
drawn and placed in the second tube. By continuing in this manner and discarding 1 c.c. 
from the last tube a series of incrca.'^ing dilutions (1:2 to 1:25()) of plasma in saline is set 
up. To each tube, first 0.25 e.e. of a 10 per cent solution of sodium carbonate and then 
0.15 c.c. of 0.5 per cent bichloride of mercury is added. Complete mixing is obtained by 
shaking after each solution has been placed in the tube. A sliglit precipitate, which dis- 
appears on shaking, may occur after addition of the mercury. The tubes are then allowed 
to stand at room temperature for twenty-four hours. 

At the end of thi.-j interval the re.sult of the te.st is read by estimating the amount of 
precipitate in each tube. This is expressed as 0, T (trace), 1, 2, 3, or 4. Precipitates 
classed as “4” occupy approximately the lower third of the solution in the tube. In doubt- 
ful cases, accurate reading of the amount of precipitate may be accomplished by thoroughly 
shaking up the tube and filling a AVintrobc sedimentation tube to the 10 cm, mark with a 
portion of the contents. The AVintrobe tube is then centrifugalized at high speed for 
fifteen minute.s. Le.s.s than 1 mm. of whitish sediment in the bottom of the tube is classed 
as a trace (T), 1 to 2 mm. as "I,” 2 to 3 mm. as "2," and so on. Any amount over 
4 mm. is designated “4.” 

The Takata-Ara reaction is positive when two adjacent tubes show a grade “i" 
degree of precipitate and the next tube is at least a grade '“3,” for example (00T2441) 
or (00134421). Plus-minus reactions aie reported whenever the criteria for the piositive 
reaction are not reached, but at least two tubes show a grade "3” sediment, for e.xaniple 
(flnT12431), (00013311, or (000TT332). All reactions of lower degree are negative as 
(000TT2E1) or (OOOTTITT). It would appear that accurate reading of the reaction is 
extremely important. 

C. DIPHTHEE.IAE, Further Studies on the Serological Classification of, Huang, C. H. 

Am. J. Hyg, 35: 335, 1942. 

Eight serologic types and an unidentified remainder have been found among the diph- 
theria bacilli isolated from tlie throats of 268 clinical patients with diphtheria. 

Ar-irulent organisms, besides tlie virulent one.s, were occasionallj- found in diphtheria 
patients in the acute and convalescent stages. In no instance was an avirulent organism 
found wbicli was at the same time agglutinable by our S-type antisera, affording, therefore, 
no evidence for the transformation of a virulent diphtheria organism into an avirulent one 
in tlie throat of diphtheria patients. 

The failure to find an avirulent organism, which is at the same time agglutinable by 
S-type antisera in acute and convalescent cases, together with the consistent finding of 
virulence in all the diphtheria organisms which belonged serologically to the author’s S 
types, suggested the possibility of using the serologic agglutination as an indirect, but more 
convenient, means of determining the virulence of organisms in acute and convalescent 
cases. 

Laryngeal diphtheria is less frequently observed in patients who were infected by 
type B, organisms than with other types of organisms. It happened that type D, is the 
only type of diphtheria organisms which possesses both gravis and intermedius strains. 

The prevalence of types of organisms varies in different years. 

Simultaneous and repeated swabs from the throat of the same patient practically 
always revealed the same type of organism. Only- two patients were found to he infected 
by- two different types of virulent organisms at the same time. 
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VARIATIONS IN SERU:M ilAONESIUJI IN HEALTH AND 
DISEASE: A REVIEW® 


Victor (i. H.\ury, JI.D., Phil.\delpiii.\, P.\. 


IXTRODUCTIOX 


T TNTIL 1932, when Krn.se and his eo- workers’ demonstrated that magnesium 
is essential for the maintenance of life, %'ery little physiologic significance 
was attached to^ it^ In recent years, however, mucli more attention has been 
given to this element, particularly in regard to its variation in diseased states. 
It is unfortunate that such abundant researches on the biological significance of 
calcium should have been performed with an almost total omission of concomitant 
magnesium studies. This is all the more unfortunate since we now appreciate the 
close physiologic relationship which exists between calcium and magnesium. 

The literature abounds with evidence that a derangement in calcium 
metabolism is either the cause or the effect of various clinical entities. Such 
information could have been obtained only by virtue of a great many studies 
made by the clinical chemists. Obviously the same must be done before any 
clinical significance can be attached to magnesium. A quotation from a recent 
editorial on “JIagnesium in Nutrition”^ adequately summarizes the present 
status of the magnesium problem. ... “So little is knoum of the function of 
magnesium in the organism that clinically observable abnormalities in man can 
not at present be said with certainty to be due to magnesium deficiency or to 
a di-sniAer of magnesium metabolism. The systematic study of magnesium 
metabolism by accurate analytical and experimental methods is little more than 

^'rom the Di-partment of Pli'ariiiacologj-, the Jefferson ^ n 
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Our attempt in this paper has been to review and to evaluate the scattered 
litei’ature relative to the changes in blood magnesium in various diseases. The 
material is arranged, in so fai’ as is possible, under the various clinical entities. 

No definite conclusions can be drawn in most instances as to whether or 
not a hypomagnesemia or hypermagne-semia exists in a particular disease. In- 
deed, in some instances diametrically opposite results are reported by the various 
investigators. We can only report tlie facts as they are found, make criticisms 
where they are warranted, and point out ceifain trends if sufficient data e.xisted 
to do so. It is hoped that this paper may serve to correlate, at least to some de- 
gree, the literature on this subject, and to stimulate further investigations on 
this vital and interesting subject. 

NORJIAL BLOOD VALUES 

There is some disagreement in the literature as to what should be considered 
the senim magnesium level of normal persons. This discrepancy is due partly 
to the fact that the investigators used different methods for the determination 
of this element, and partly because some’® considered results obtained from 
hospital patients as being normal. Obviously, sucli persons should not be con- 
sidered as being normal, even if they do not have any apparent metabolic dis- 
turbances. The concentration of normal serum magnesium as determined by 
18 different authors and the methods employed by each are shown in Table I. 

t,vble I 


C0NCENTK.W10N OP Serum Maosesium in NoRii.vi. Persons 


.vothors 

PUECII'ITATINO 

AGENT 

■BOi 

KiVNGE OF 
VALUE 

ME.VN 

Briggs3 

Phosphate 

Colorimetric 

2.23-2.50 


Kramer and TisdalP 

Phosphate 

Colorimetric 

l.SO-2.30 

2.10 

Bogert and Plass^ 

Pliosphate 

Colorimetric 

1.90-2.70 

2.30 

Watchoin and McCance® 

Phosphate 

Colorimetric 

2.30-2.00 

2.4S 

Becher^ 

Phosphate 

Colorimetric 

l.SO-2.30 


AVacker and Pakrigs 

Pho.sphate 

Colorimetric 

2.00-2.97 

2.40 

Copes 1 

Phosphate 

Colorimetric 

1.82-2.03 i 

2.06 

Walker and AValkerio 

Phosphate 

Colorimetric 

1,00-3.00 

2.20 

Brookfieldrr 

Phosphate 

Colorimetric 

1.S9-2.19 

2.04 

Bomskovia 

Hydroxyquinoline 

Bromination 

' 1.70-2.00 


Greenberg and assooiatesia 

Hydroxyquinoline 

Broniiuation 

2.00-3.00 

2.74 

Velluz and Velluzi'* 

Hydroxyquinoline 

Bromination 

1.00-2.40 

2.00 

Saicesrs 

Hydroxyquinoline 

Bromination 

1.09-3.00 

2.44 

Hoffmanio 

Hydroxyquinoline 

Colorimetric 

1.90-2.50 

2.18 

Hirsokf elder and Haui'y’r 

Titan yellow 

' Colorimetric 

l.SO-2.40 

2.11 

Hauryis j 

Titan yellow 

Colorimetric 

1.70-.3.10 

2.33 

Bernstein and Simkinaio 

Titan yellow 

Colorimetric 

1.23-3.54 


Wolf=o* ' 

Titan yellow 

Colorimetric 

2.90-4.00 

3.61 


*For whole blood. 


As seen from this table, the mean serum magnesium value of all the authors 
lies in the neighborhood of 2.4 mg. per 100 e.e. This is in close agi’eement to the 
value for serum magnesium of normal persons, as foimd by Tibbetts and Aub,®“ 
and corresponds closely to the mean value (2.33 mg.) found in normal medical 
students, as recently reported by Haury.’® With the exception of the figures 
given by Greenberg, Lucia, Mackey, and Tufts,’® and Bernstein and Simkins,!® 
the serum magnesium of normal persons seems to lie between the lower and 
upper limits of 1.7 and 3.0 mg. per 100 e.c., respectively. Inasmuch as Wolf=® 
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(leteriniiied the magnc-siuiu content of whole blood, and since nreenber^' and 
othei-s'^ noted tlie fact that the red blood corpuscles contain from 5 to 9 ni*'. 
magnesium per 100 c.c., we would expect Wolf s figures to be highei than those 
obtained by other investigatoi-s using blood serum or plasma alone. In his review 
SliohP‘ states that the serum magnesium of normal persons lies somewhere be- 
tween 1.0 and 3.0 ing. We believe, from our work and from the work of others, 
that the normal range is from 1.7 to 3.0 mg. per 100 c.c. of blood plasma or seium. 


ItKNAL DISORDERS 


Probably the first indication of a disturbance in magnesium metabolism was 
noted in eases of renal inadeipiacy. In 1923 Salvesen and Linder— reported a 
series of 15 cases in which the serum magnesium varied from 1.5 to 4.6 mg. per 
100 c.c. of serum. In the same year Denis and Ilobsoii"’ reported normal 
magnesium and potassium values in a series of 19 nephritic patients. They 
state, however, that the serum calcium was below normal in 5 cases. In view 
of the inverse relationship which exists between magnesium and calcium, i.e., 
as the serum magnesium inerea.scs the calcium decrea.ses, and vice verea,”' 
one would be inclined to suspect an elevated scrum magnesium in some of the 
patients studied by Denis and Hobson. In more recent years evidence has ac- 
cumulated which seems to indicate that retention of magnesium is a common 
occurrence in eases of renal insufficiency. 

In 1932 Becher and Hamann=® demonstrated that patients mth diseased 
kidneys but wth normal renal function had a normal serum magnesium (2.07 
mg.). Patients showing a renal in.sulficicney, however, had a definitely elevated 
serum magnesium (3.49 mg. per 100 c.c.). In the same year Watchorn and 
HcCance® reported 8 eases of uremia in which the serimi magnesium ranged from 
3.07 to 10.34 mg. per 100 c.c. Two years later Hirsehfelder and Haury”® demon- 
strated that in nephreetomized animals and in animals with injured kidneys, 
ingestion of magnesium sulfate caused a rapid increase in plasma magnesium, 
even to the point of coma. They .suggested at that time that “uremic” coma 
may actually be produced or at least abetted by purgation with magnesium salts. 
It was pointed out also at that time’’ that a retention of magnesium was a com- 
mon finding in uremic patients. Niunerous papers appeared during the past few 
years confirming the foregoing findings.’®’ 


Occasionally a hypomagnesemia may be associated with renal insufficiency. 
In 1934 Hirsehfelder and Haurj’’’ reported 4 cases of glomerulonephritis in 
which the serum magnesium was definitely below normal (0.9 to 1.31 mg. per 
100 c.c.). In each of these eases either muscular twitchings or convulsions were 
present. This is of particular interest, since the publication of a report by 
Ki-use, Orent, and ^leCollum,’ in which they showed that animals raised on a 


magnesium-deficient diet have a tendency to become irritable and eventually 
have severe eon\’ulsive seizures. A few years later, Hoobler, Kruse, and 
:McCollum“’ showed that this form of tetany is definitely due to a hypo- 
magnesemia. It now becomes apparent that at least some of the so-eaUed 
idiopathic tetanies, which cannot be e.xplained on the basis of a low blood cal- 
cium, might be accounted for on the ba.sis of a low blood magnesium Perhans 
the ca.se of ^uremic con^mLsions described and treated Arith magnesium sulfate 
by atson was actually due to a concomitant hypomagnesemia. 
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On the grounds of Loeh’s^® pure physiologic work relative to the influence 
of ions on irritabilitj'-, we could reasonably conclude that tetany can be due to 
a deficiency of serum magnesium. From his -work we ma}" set up the following 

relationship: ^ > as determining the state of irritability. An 

increase in any of the ions in the numerator, or a reduction of an}’' of the ions 
in the denominator, will inei'ease the irritability. From this scheme it becomes 
apparent that a reduction of magnesium is at least one possible factor in the 
etiology of hyperirritabilit}'. 

As yet no human pathology has been demonstrated which can be attributed 
Avith certainty to a magnesium deficiency, illoreover, since Slierman®" has shonm 
that the ordinary diet contains more than enough magnesium to meet the daily 
requirement, it is questionable if a magnesium deficiency ever exists spontane- 
ously in man. On the other hand, in animals Ave find a disease knoAvn as “grass 
staggers,*’ the S}unptoms of Avhich are stz-ikiugly similar to those seen in experi- 
mental magnesium tetany. Sjollema and Sceklcs,'’®- and Metzger,^® made an 
extensive study of this form of tetany. They found that the animals become 
nervous and restless, develop an unsteady gait, and finally die in Auolent con- 
vulsions. Blood chemistry studies in this disease shoAv that the calcium and 
phosphorus Ica'cIs are usually Ioaa’, and that the magnesium is always low. B.op- 
kirk*^ and Cunningham^^ confirmed these findings, and further demonstrated 
that the sA’mptoms noted in these animals could be overcome by increasing the 
blood magnesium. It is interesting to note iji this connection that Duncan, 
Huffman, and Robinson'*® produced an experimental tetany in 20 calves fed on 
Avhole milk or milk supplemented b}- iron, copper, manganese, silicon, aluminum, 
and cod-liver oil. FiA-e of the ajiimals AAdiicJi died in tetany had a normal blood 
plasma, calcium, and phosphorus, but a Ioav blood plasma magnesium value. 
The tetanies in the calves due to a low blood magnesium AA'ere indistinguishable 
from those due to a Ioav blood calcium. These could be differentiated only by 
determining the amounts of calcium and magnesium in the blood. The mean 
plasma magnesium value of the 5 calves (44 determinations) AA’hieh died in 
tetany Avas 1.6 mg., as eoinpai-ed Avith the mean A'alue of 2.41 mg. per 100 c.c. in 
107 normal calves.'*'* McGhee'*® siioAA’ecLthat canine hysteria is due to a deficiency 
in blood magnesium rather than cal^m. 

We must also consider the possibility that some endocrine organ ma}' con- 
trol or at least influence magneguim metabolism. This possibility does not seem 
too hypothetical if one reA'ieAA's the relationship A\hieh exists betAveen sodium 
and the adrenal glands, iodine and the thyroid gland, and calcium and the para- 
thyroids, Indeed, Coppo and Prngoni^**' believe that the primary action of the 
parathyroids is to decrease the blood magnesium and that the calcium rises 
secondarily to antagonize the magnesium. Whether or not liypermagnesemia or 
hypomagnesemia is due to some endocrine dysfunction must be answered by 
future investigations. 

Other pathologic conditions often associated Avith a hypomagnesemia aauII 
be discussed later imder Endocrine Disturbances, Epilepsj’', Carcinoma, and 

Astluna. 
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later paper Soffer and associates®^*’ made a similar study on an additional 50 
patients with hj'perthyroidisin. Essentially the same results were obtained. In 
addition they reported that in patients with myxedema, as well as in totally 
thyi’oidectomized dogs, the ultrafiltrable serum magnesium is extremely high and 
frequently is elevated as much as 100 per cent. Since the ultrafiltrable fraction 
is probably the physiologically important fraction, we could deduce from these 
results that in hyperthyroidism an actual state of hypomagnesemia exists and 
that myxedema patients are in a state of hj^permagnesemia. This may help to 
explain the hj^perirritability and h 3 "poirritability so commonly' associated with 
Graves’ disease and myxedema, respectively'. It certainly stresses the importance 
of determining the amount of phj’siologically active (diffusible) fraction of 
this ion before an actual state of hy'permagnesemia or hypomagnesemia can be 
said to exist. 

(c) Diseases of the Parathijraids . — From the dramatic influence that the 
parathyroids have on ealeium metabolism, we might expect them to have a 
similar effect on magnesium metabolism. The immediate effect of parathyroid 
hormone on serum magnesium^has been studied in dogs by’ Scholtz®® and by 
Greenburg and Mackey.®® Their investigations showed that the serum mag- 
nesium increased slightly’ in tiro to four hours following the injection of the 
pai'athyroid hormone. This disaiipears long before the ealciiun has reached its 
maximum value. Bulger and Gausmann®^ noticed that prolonged administration 
of parathormone to dogs resulted in no strildng alterations in serum magnesium. 
Following the administration of 200 units of pai’athormone in human beings, 
Melli and Karadimova®® observed that the serum magnesium increased during 
the first hour, reached the maximum at the third hour, and fell to normal at the 
fourth hour. Serum calcium, on the other hand, began to rise only after the 
fourth hour. Coppo and Pisa®® found that one unit of parathormone per day 
administered to a rat produced an increase in the blood serum calcium and a re- 
duction in the blood serum magnesium. The authoi’s conclude that their analyses 
furnish an important contribution to the theory’ that assumes a direct relation- 
ship between the function of the parathyroids and the biochemistry’ of mag- 
nesium.'*®’ *' Cantarow, Hamy, and Whitbeck®’ found that large doses of para- 
thormone injected intramuscularly’ in dogs produced a slight decrease in serum 
magnesium in the majority’ of their experiments. In a human subject Watehorii 
and McCance® also found that intramuscular injections of the hormone produced 
a slight but definite fall in the serum magnesium. 

Denis and Talbot,®® Bulger and Gausmann,®* and also Hartog and Muller®® 
found a hy’pomagnesemia in clinical eases of parathyroid tetany’„ The few serum 
magnesium studies made in patients witli hy’perparatliy’roidism reported by’ 

I Tibbetts and Aub®® indicate that a relatively normal serum magnesium prevails 
1 in spite of the hypercalcemia. Future investigations in this field should prove 
most interesting. 

(d) Miscellaneous Endocrine Disturhanccs , — Practically nothing is Imown 
of the status of serum magnesium in other types of endocrine disturbances. 
Blumgarten and Eohdenburg^® found the whole blood magnesium to be within 
the normal limits in all cases of pituitary’ dysfunction. Tibbetts and Aub,®> and 
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CLINICAL AND EXPERIMENTAL 


THE PPIARMACOLOGY OP p (3,5 DI-IODO-4-HYDROXYPHENYL) A 
PHENYL PROPIONIC ACID^' 


AValter Modell, M.D., New York, N. Y. 


B ILISELECTANf has been used in recent years in Germany for gall bladder 
visualization.^'^ Superiority over the radio-opaque phenolphthalein dyes 
for outlining the gall bladder is claimed because dense shadows may be obtained 
after oral administration with unpleasant symptoms appearing only rarely. A 
systematic experimental study of biliselectan has not been published. Inasmuch 
as the drug may be a useful one the pi'esent investigation was undertaken to de- 
termine its actions and to.xicity. 

PHYSICAL AND CHEJIICAL PROPERTIES 

Biliselectan is ,8(3,5 diiodo-4-hydro.xyphenyl)a phenyl propionic acid. It 
is a faintl}' eream-colored powder, insoluble in water, and practically tasteless. 
It dissolves in alkali, presumably in the form of tlie sodium salt, when sodium 
hydroxide is used. Solutions which were used, 2.5 and 5.0 per cent, made up with 
the minimum amount of sodium hydroxide necessary to bring about complete 
solution without heat, have a pH of 11.5 or 11.6. These solutions are yellow and 
clear. A 5.0 per cent solution, kept for forty-eight hours at room temperature 
in the light, did not show free iodine by the stareli test. 


EXPERIMENTAL PROCEDURE 


Cats were used in several types of experiments, acute and chronic, to study 
toxicity. The beha'vior, appearance, and weight of the animals were recorded. 
Examinations were made for evidence of changes in blood nonprotein nitrogen, 
red blood cell count, red blood cell fragility, and clotting time. Phenolsul- 
phonphthalein excretion tests were made, and the urine was examined for albu- 
min and reducing substances. These observations were made prior to and for 
a vaiying period after the administration of tlie drug. In the course of the 
observations on 33 animals, 20 red cell counts, 30 red cell fragility determina- 
tions, 20 clotting time determinations, 50 nonprotein nitrogen determinations, 
40 phenolsulphonphthalein excretion tests, and 85 urinalyses were made. Most 
of these tests were made in a series of 12 eats used in chronic experiments. 


•From the Department of Pharmacology Cornell University Medical College, New Yorh. 
Received for publication, February 1C, 19J2. 

tTiip original proprietary name, Biliselectan, wili be used tliroughout the text, instead 
of the' more cumbersome chemical name. The drug may be secured from the Schering Corpora- 
tion. wliich now designate it Priodax. 
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At autopsy the or,u;aiis of all aiiiiiials were exjiiiiiiied grossly, and iii tlic 
I'ase of the aiiiuials in the elironie experiments, tlie livers and kidneys were 
stiulieil histoloi'ieally. 

All intravenous injeetions were made with a 2.0 or ^.O per eent alkaline 
(pll 11.5 to ll.G) solution, while most of the oral doses were given as the 
powder in capsules. 

Taui.k I 
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TOTAL na.SK 

NTM- 

nKi: 

TIME 

nCTWEEN 

TON- 

TIME TO 
DEATH 

A^TER FIRST 
INJECTION 


NO. 

INDlVIUfAI, ' 

DOSE* 

OK IN- 
JEC- 
TIONS 

niNST 

AND I-AST 

INJEt-TION 

VUI>- 

SIONS 

REMARKS 

5 

150 

1 

II 

Ye.s 

1 minute 


i> 

2S5 

0.1/50/75/10(1 

a 

4 (liiy.s 

Xo 

Did nut (lie 


, T 

150 

75*75 

a 

45 minutes 

Yes 

112 minutes 


a 

200 

100/100 

2 

1 

20 liour.s 

I Yes 

27 Iiours 

.Small pulmonary hemor- 
rhages 

■S 


n 

0 

Yes 

97 minutes 1 




mm 

0 

Yes 

40 minutes 


H 


3 

24 hours 

Yes 

25 hours 


12 

250 

100-150 

2 

21 minutes 

Yes 

Between 12 and 
24 hours 

Found dead in morning 
after apparent recoverj' 

13 

14 

250 

100-1,50 

2 

27 minutes 

Y'es 

31 minutes 



2 

10 minutes 

Yes 

150 minutes 



-senar y*!® "ooibers underneath the total dose indicate the individual doses. Those doses 
linn /“I. '* “Y a dash (-) were Riven on the same day. whereas those doses separated by a 
e (/) were given on different days. 


RESULTS OF EXPERIMENTS 


Ejfect of pH. — Since the intravenous injections of the alkaline .solutions of 
biliselectan Avere followed by convulsions and other systemic effects, it Avas 
necessary to eliminate the alkali itself as a factor in the production of these 
effects. Therefore, tAvo unanesthetized cats Avere injected Avith a solution of 
sodium hydroxide Avith a pH (11.5) the .same as that of the biliselectan solu- 
tions used. Injeetions of this solution Avere Avithout noticeable effect even 
when used in amounts 2.5 times that of biliselectan doses Avhich produced vio- 
lent convulsions. 


Effects of Intravenous Infections on Circulation and Respiration in Anes- 
lehzed Animals.— The effect on cardiodynamies and respiration Avas studied 
in 4 eats Avhieh were anesthetized Avith sodium amytal and Avhose blood pres- 
sure and respiration Avere recorded on a kymograph. 


Effects Avere produced Avhieh varied from animal to animal. Po 
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marked respiratory stimulation lastin'? almost five minutes. Subsequent simi- 
lar doses produced progressively less stimulation. On the other hand, in an- 
other animal (Fig. 2) receiving the same doses of the same solution there was 
no respiratory stimulation, but rather a fall in blood pre.ssure after each dose. 

Fatal doses Avere followed by a fall in blood pressure and respiratory de- 
pression. In 2 eats the respiratory failure appeared first, the heart continuing 
to beat after the cessation of breathing. In the other 2 cats the cardiac and 
respiratory failure appeared simultaneou.sly. In 3 of the 4 cats the terminal 
events occurred suddenly and without warning. 

Effect of Intravenous Injections in Unanesthetized Anbnals. — In 10 unanes- 
thetized eats the effects of intravenous injections were observed. • The signifi- 
cant data are summarized in Table I. 

Lethal dose. Single injections of 50, 60, and 75 mg. ivere not fatal. Injec- 
tions of 100 mg. killed 2 of S cats. A single injection of 150 mg. killed one 
cat, while another died of the same dose given in two parts ivithin forty-five 
minutes. Each of 3 cats died of 250 mg. given within thirty minutes in two 
doses, while one eat survived this dose. 

Convulsmis. Biliseleetan is a conAuilsant agent similar to picrotoxiu or 
camphor. It produces typical medullary convulsions with all the autonomic 
phenomena which are associated with it, salivary stimulation, respiratoiy stim- 
ulation and depression when doses of 100 mg. or more are administered. Doses 
of 50 and 60 mg. failed to induce convulsions, whereas only one of two injec- 
tions of 75 mg. was followed by convulsions. 

The convulsions were always immediate and violent, and without reflex hy- 
perexcitability. Sometimes tlie convulsions Avould persist for as long as four to 
six hours, but neither the duration nor the intensity of tlie convulsions ivas an 
indication of whether the animal would survive a particular dose: 

Antidote. The group of four experiments, already described, in Avhich the 
blood pressure records were made, were performed with amytal anesthesia. 
In this group the drug proved to be fatal in divided doses of from 200 to 600 
mg. without eoinmlsions. The protective action of amytal against biliseleetan 
was studied in another series of 4 cats in which single intravenous doses of 
from 200 to 350 mg. were administered after 50 mg. of sodium amytal. The 
tivo animals tvhieh received 200 mg. of biliseleetan ivere protected against the 
fatal action as tvell as the convulsions, ivliereas the eats receiving 300 to 350 
mg., respectiA^ely, died, although no convulsions were induced. It is to be 
assumed, therefore, that the fatal effects of biliseleetan are only in part the 
result of convulsions, since Avith somcAvliat larger doses, namely, 300 mg., the 
animals die, even though couA'ulsions are prevented. It is interesting to note 
that the large doses of biliseleetan, through its stimulation of the higher cen- 
ters, brought about fleeting signs of reversal of the narcotic action of amytal. 

Persistence of action. The persistence of biliseleetan action is relatively 
brief. Very little of a given dose appears to remain after tAventy-four hours. 
For example, eat 6 received on suecessu’e days injections of 60, 50, 75, and 
100 mg. of biliseleetan. Each injection Avas folloAved by systemic effects : ex- 
citement, ataxia, depression, respiratory stimulation, yet tlie aiiimal recovered 
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•In these animals there was no loss of the urug oj vum b. 

only retching. 


Chronic Experiments — Oral Administration. The effect o£ a single oral 
(lo.se of from 100 to 1,000 mg. was studied in 12 cats for a period of from two 
to twenty-eight days. The drug was administered usually in capsules after 
food had been vvithheld for twelve hours. 

The effects are summarized in Table II. There were two deaths which 
could be ascribed to the biliseleetan. Both animals received 500 mg. One died 
on the sixth day and the other was killed on the sixth day when it was mori- 
bund. Another cat which received 1,000 mg. died of a respiratory infection. 
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Albuminuria was produced in 10 of the 12 eats. It was present in all 7 
eats which received 500 mg’, or more and in 3 of the 5 cats which received 100 
and 250 mg. The albuminuria was transient. It persisted from one to seven 
days. Glycosuria occurred in one eat, in rvliieh it lasted only one day. 

Digestive disturbances were common. Vomiting was seen in 7 of the 12 
cats ; in 1 of 4 which received 250 mg., in all 5 which received 500 mg., and in 
1 of 2 which received 1,000 mg. In two instances vomiting was noted seven 
and twenty minutes after the drug was administered. In the other cases it 
was delayed for from one to hoiU‘.s. The appetite was impaired in all the 
cats which received 500 mg. or more and in one of 5 receiving less. The im- 
pairment of the appetite lasted only a day or two in most cats but pei'sisted 
as long as six to eight days in 3 eats which died. Post-mortem examination 
did not reveal any evidence of intestinal irritation, but since the intravenous 
injections did not produce vomiting it was assumed that the digestive disturb- 
ances were produced by a local rather than a central action. The loss of 
biliseleetan by Ammiting Avas as indicated in the table, in most cases not suffi- 
cient to influence the results. 

There Avas a varying degree of genei-al depression in 5 eats (indisposition 
to move, lethargy) after doses of 500 mg. or more Avhich usually lasted for 
from five to eight days. 

The average weight of the 4 cats which Avere permitted to surAUA^e for 
tAventy-eight days Avas 2.42 kg. as compai-ed Avith 2.61 kg. Avhen the experiment 
Avas started. Such a small loss of Avcight (10 per cent) for eats confined for a 
four-Aveek experimental period cannot be attributed to the drug. 

Biliseleetan produced no change in the red cell count, red cell fragility, 
and clotting time of the blood. In only one cat Avas there a rise in the non- 
protein nitrogen level. None of the phenolsulphonphtlialein excretion tests 
indicated a significant deviation from the control. 

The post-mortem examinations aufl the histologic studies of the livers azid 
kidneys Avere negative Avith the exception of one animal discussed beloAv. 

The tAvo animals Avhieh Avere killed by the 500 mg. dose of biliseleetan 
suffered from a persistent albuminuria, vomiting, depression, and a loss of 
appetite Avhieh became progres.sively moi‘e profound. One Avas found dead in 
a state of decomposition Avhieh precluded examination of blood or tissues. In 
the other the nonprotein nitrogen IcA-el in the blood had risen to 127 mg. per 
cent on the day of death. On the sixth day it appeared moribund and began 
to vomit again. It AA'as killed in order to obtain satisfactory tissue for histologic 
study. In the gross examination of the organs there Avas no significant finding 
other than the pale kidneys and a small pneumonic patch in the right lung. 
On microscopic examination of the kidneys, cloudy sAvelling of the renal tubules 
was found. 

In another sei-ies of chronic experiments the complicating factor of vomit- 
ing and expulsion of the drug Avas removed. Three cats Avere given morphine 
intravenously to prevent vomiting and a dose of 1.000 mg. of biliseleetan orally. 
TAAm of the 3 cats Avere depressed and suffered complete loss of appetite Avithin 
four hours, and A\-ere found dead the folloAving morning. In one of these 2 
animals albumin Avas found in the bladder urine and venous congestion and 
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pareuehynuUous de^euen.tiou of the tubules o the k b vs - 
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The third eat was sli^d.tly depresscl for seven day.s with ''‘^a’en.e.U^^^^ 
appetite for four days. All.u.nin a.ul glucose were found in ‘be ^ n e 
first five dav.s. There was no sipniilieant ehauf^e ... tl.e ^ , m-, . d 

gen at any ti.ue. After a week the ani.nal appeared 

continued so for the duration of tl.e expei-iinent (tuentj-ei., i c ajs . ° ’ 

and microscopic exa.uination of the o.-^ans at the end of tins period no patho- 
logic changes were found. 


SCXtMAUV AND CONflXSIONS 


The pharmacology of hiliseleetan, p (3,5 di-iodo-4-hydroxyphen.W) “ Pbcnyl 
propionic acid, a substance which has been used foi gall blac c ei \isua iza lo , 
was studied in acute and chronic expei’iinents in 33 cats. 

By intravenous in.jection hiliseleetan acts as a medulla, j couMilsant. In 
traveiious doses as small as 50 to 75 mg. per kilogram cause excitement wit i 
re.spiratory .stimulation. Larger doses cause myoclonic convulsions with stimu- 
lation and secondary depression of the circulation and respiration. The in- 
travenous LD 50 ranges about 150 mg. per kilogram. The conviilsant action 
can he abolished by the barbiturate, sodium amytal. In that case, a somewhat 
larger dose proves fatal by vasomotor and respiratory paralysis without con- 
nilsions. 


The persistence of action of the intravenous dose appears to be brief, of 
the order of twenty-four hours or le.ss, as seen by the fact that little cumula- 
tion is in evidence when intravenous doses are repeated. Ilonexer, veiy large 
doses by mouth may cause a form of injury which tends to be piogressixe, so 
that an animal may die six day.s after a large oral dose. 

The dru^’^ is much less toxic by oral admini.stration. By this loute animals 
.survive doses as high as 1,000 mg. per kilogram, suggesting that the absorption 
is very imperfect. Marked individual differences, however, occur. Thus, one 
annual, after 1,000 mg. per kilogram (vomiting prevented by morphine), showed 
impaired aiipetite and slight depre.ssion within a few hours after the dose, 
albuminuria the folloxving day, all of these effects -wearing off within seven 
days; another animal receiving 500 mg. per kilogram .showed more severe 
ga.strointe.stinal symptoms which increased progressively until the animal be- 
came moribund and died on the sixth day. Biliselectan given orally does not 
produce comudsions. 

In a total of 15 chronic experiments the effects of single oral doses were 
observed for periods up to twenty-eight days. Doses of 250 mg. per kilogram 
or larger cause impaired appetite, nausea, and vomiting and general depression. 
The intensity of these effects increases with the dose. The emetic effect is due 
to local action in the gastrointestinal tract, since it does not occur after the 
intravenous injection. Albuminuria is an outstanding effect. It occurs with 
doses as low as 100 mg. per kilogram. It is transient, and the duration of this 
effect varies with the dose. 
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Doses of from 100 to 1,000 mg. per kilogram are without effect on the non- 
protein nitrogen level of the blood, the phenolsulphonphthalein excretion, tlie 
red blood cell count, the red blood cell fragility, and the blood clotting time, 
even though some of the larger doses prove fatal. There are no histologic 
ehanges in the kidneys. There were two exceptions, one animal which became 
depressed after 500 mg. per kilogram, and a nonprotein nitrogen determination 
during the moribund state (on the day of death) showed a very high level, 
namely, 127 mg. per cent, and another was foiuid dead the morning after 1,000 
mg. In these animals the kidney tubules showed cloudy swelling. Since 1,000 mg. 
doses failed to cause this effect in 4 other animals, the possibility remains that 
the blood and renal changes in these eases may have been related to the pro- 
found depression of" the circulation. 
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THE OCCURRENCE OP TRICHINELLA SPIRALIS LARVAE IN 
TISSUES OTHER THAN SKELETAL MUSCLES**' 


Evelyn A. Mauss, Sc.D., .vnd G. P. Otto, Sc.D. 
Baltimore, jMd. 


W HILE the larvae of Trichinella spiralis develop primarily in the skeletal 
muscles, there have been reported in the medical literature about 20 fatal 
cases of trichinosis in which other organs and tissues have been involved. In 
such cases the myocardium® and, to a lesser extent, the central nervous system* 
have been most frequently injured, but larvae have also been reported from the 
pancreas, kidney, livei-, gall bladder, smooth muscles of the intestine, and tissues 
of the respiratoiy tract. In addition to the fatal eases there has been reported 
a far greater number of nonfatal cases with apparent involvement of vaz’ious 
organs and systems other than the skeletal muscles. In this connection, we have 
been particulai’ly impressed by the number of patients who have shown tem- 
porary loss of reflexes, and by the number whose spinal fluids have been found 
positive for larvae.*- ® 

Prom our knowledge of the life history of T. spiralis, it seems altogether 
likely that the so-called migrating larvae are eari-ied passively in the- blood 
stream to all parts of the body. Since the larvae have a diameter in cross see- 


»Prom Department of Helminthology of the School of Hygiene and Public Health, the 
Johns Hopkins University. Baltimore. 
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demonstrated that larvae invade the ‘ nreeisely as possible the ex- 

situ. The purpose of this study was to ‘ ‘ ' j tissues other than skeletal 

tent to whieh migrating trichina larvae are found m tissues 

muscles. 

m.vterials and aiethods 

Young mice .(5 to by arti- 

one- to two-month-old trichina ^ hydvochlorie acid). The 

fieial digestion (1.0 per cent pepsin a ■ P The blood was 

mice were sacrificed four to fifteen days a ei - • ‘ o ^ cells, 

..teted in sodium dt.-atc, n.in.d tvitb sufficient Of Jf , 

»d e.n«u.ed. .f .be ~ 

reeovertf lan-ae tmm he t|^u^^ 

ion method and Ibe f ^ ^ Likewise, a modified Baermantt 

latvae were too youtiB to ..tlMlatffi d^ nusuccessM beeause the 

apparatus- maintained at A’aiious tempeiai P„rmAl Arnst 

lame did not mi^n-ate out of the macerated tissues and into the funnel. Most 
of the reported herein were obtained by direct --roseopie exa^nation 

with 16 mm. objective and lOx oculars, of tissues teased apart and 
tween slides. Attempts at supravital staining m such . 

doned after four commonly used stains (Janus green B, sudan 
broivn, and methylene blue) failed to facilitate the finding of larvae. T1 ^ resM s 
obtained by direct examination were supplemented by the even more laborious 
study of serial sections of various tissues. 


results 

About 200 slides of serially sectioned tissues of 22 mice were examined. 
Larvae were seen in the skeletal muscles of animals killed as early as tke sixth 
day after infection. In addition, a few inflammatory foci suggestive of the 
presence of worms were seen in the myocardium of mice twelve to fourteen days 
after infection but, since this has been adequately described by Dunlop and 
Weller,^ no effort was made to pursue the subject. The direct examination of 
teased and pressed tissues was on the Avhole more satisfactory. Unbroken living 
larvae could be readily seen and identified even in the very young stages, and 
an entire organ could be examined effectively in much less time than was re- 
(luired for eLmination of serial .sections of equivalent amounts of tissue. Even 
by this process, however, only 31 larvae were found in addition to those seen in 
the skeletal muscles and lysed blood (Table I). Of these 31 larvae 24 were re- 
covered. from the myocardium. It will be recalled that the methods used did not 
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permit our determining ivliether sueli larvae were free in tlie tissues or whetlier 
they were confined within the vascular sj’steni of the organs involved. 

In experiments designed to determine ivlietlier or not tlie very young larvae 
had the eapacitj' of directional movement and could, therefore, respond aetivelj' 
to stimuli, larvae freshly isolated from the uteri of six-day-old female worms 
were placed on warm, moist slides. Such larvae ivere observed in more or less 
continuous motion for several hours, but they never moved from the spot in 
ivhieh they were placed. The addition of freshly teased muscle fibers and of 
.small amounts of other tissues failed to induce directional movement. 

T.vble I 


Occurrence of T. spiralis i.v Oro.ins of AIice Infected With 450 L.krvae 
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DISCUSSION 

It becomes evident from the foregoing experiments that no great number 
of T. spiralis larvae normally penetrates tissues other than striated muscle in 
white mice. Despite the afore-mentioned impossibility of determining whether 
the few larvae that were observed in other tissues had left the vascular system or 
not, it is interesting to consider the ratio of such larvae to the total number. 
Since the mice were killed early in the course of their infections, we have no 
direct measure of the number of larvae which would have developed. In other 
experiments, however, it was found (ilau.ss, iMSS.) that an average of 26,000 
larvae was pi’oduced in 13 white mice receiving infective doses of 210 to 1,320 
larvae. Using this figure as at least a crude measure of the infections in ques- 
tion, we find that 31 larvae were recovered from organs and tissues other than 
the striated muscle (or lysed blood) out of a possible final total of 312,000 
larvae in the 12 animals killed between the seventh and fifteenth day. This is 
roughl3' one in 10,000. 

Since it seems unlikely that the situation could be materiallv dilferent in 
man than in the ivhite mouse, it would appear tliat there is usuallv relatively 
little trauma in tissues and organs other than skeletal muscles in human trichi- 
nosis. Temporary neurologic disturbances or other clinical manifestations maj* 
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result from the oeeasioual larvae eulerin^r the nervous ^stem 

In the fatal eases of triehiuosis the .uueh heav.er .nteet.on - ^ 

likelihood of damage to various organs and tissues ^ ‘ ° 

proportion of larvae invading sneh tissues. The possibility 

looked, however, that some abnormal distribution of laivae maj . 1 

in those heavier infeetions of the reported fatal eases. 

SUMMARY 

Thirtv-one migrating larvae were reeovered from the 
tissues and organs other than mnseles and blood of 12 white miee ^ 

to fifteen davs after infection with T. spiralis. It is estimated that approximate- 
ly 10,000 times as many larvae are found in the skeletal mnseles of 
ceiving comparable infections. Apparently, then, iiuasion o oi„ans a c ‘ 

other than skeletal muscles is of minor significance e.Kcept in peculiarly i 3 
infections. 
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the treatment op acute mercury poisoning with SODIUil 
FORMALDEHYDE SULFOXYLATE WITH A REVIEW OP 
TWENTY CASES® 


Ralph Wolpaav, il.D., and N.vthan Alpeks, M.D. 
Cleveland, Ohio 


T here are two fundamental concepts in the formulation of any method of 
therap 3 '' for acute mercury poisoning. The first is the removal of the un- 
absorbed mercury as soon as possible in order to prevent further absorption. 
The second is the removal of the absorbed mercury rapidly with the lea.st toxic 
effect to the organism. 

In cases of oral ingestion the first of these concepts is best carried out by 
simple gastric lavage, using large quantities of fiuid. Thus, auy unabsorbed 
mercury is washed out. If such a procedure has been preceded by vomiting, so 
much the better, and, when immediate lavage cannot be instituted, fluid should 
be given after which vomiting should he induced. 

•From the Medical Ser\'Ices of the Mount Sinai Hospital, Cleveland. Dr. S. S. Berger, 
chief of service. 

Dr. Wolpaw is now’ a Captain, iledlcal Corps, U. S. Army, stationed at Stark General 
Hospital, Charleston, S. C. ; Dr. Alpers is a First Lieutenant, Medical Corps, at Camp Edwards 
Mass. ' 

Received for publication, January 21, 1942. 


1388 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Howevei*, even when vomiting is prompt and lavage is done soon after in- 
gestion, absorption of the mercury is rapid, particularly since it is going through 
damaged tissue and is causing increased peristalsis by its irritating action. 
Following absorption, the mercury is distributed relativelj^ equally throughout 
the body tissues, ordinarily in sucli small concentrations that it causes no ap- 
preciable damage. Excretion begins almost immediately by three major path- 
ways. The first of these is the renal route. The mercuiy is collected in the 
Iridneys and passes out in the urine. Concentrations of mercury reach a level 
sufScient to be toxie so that cellular damage (tubular necrosis) results. In like 
manner, cellular damage (gangrenous colitis) may occur in the colon, which is 
an important if somew’hat later exei-etory avenue. The third and least important 
excretory area is the mouth whei'e damage (stomatitis) frequently occurs but is 
usually not serious. Hence there are three regions in w'hich mercury reaches 
toxie concentrations and from which it should be removed as rapidly as possible 
in order to minimiae cellular destruction and also to preserve organic integrity. 

Of these regions the Iddneys are the least accessible and the earliest in- 
volved. Dii'ect lavage is technically difficult even in so far as the pelves and 
caliees, where damage is minimal, are concerned, and, at present, technically 
impossible with regal'd to the tubules where damage is maximal. Phj^siologic 
lavage by massive diuresis is then the method of choice. Fluids in large amounts 
by mouth and parenterallj' serve as the best diuretics. Early use of fluids is 
imperative because the action of the mercury is such as to decrease the excretory 
powers of the Iddneys to the vanishing point .(anuria). 

The colon is affected by the mercury at first directly by contact and later 
indirectly by excretion. Early diarrhea is a prominent symptom of acute mer- 
cury poisoning and is evidence of the presence of mercury which has passed 
through from the stomach to the colon. Later, excretion of mercury begins with 
continuation or renewal of the symptoms of colitis. Here again, the method of 
choice for treatment is lai'age or irrigation in an attempt to wash out the mer- 
cury. High colonic irrigations begun immediately and repeated at regular in- 
tei’vals fill this requirement. 

Finally, lavage or irrigation of the mouth for both direct and indirect toxie 
effects of the mercury is indicated in order to remove the metal from this area 
as rapidly as possible. 

The foregoing outline is a very general one of a rational method of treat- 
ment of acute mercury poisoning. It is obvious that a neutralizing or antidotal 
agent for mercury to be used in conjunction wdth the general method would be 
of great value. Therefore, after careful consideration of these things, Kosen- 
thaP in 1933 reported the results of the use of various antidotes in experimental- 
ly produced mercury poisoning in dogs and rats. He advocated the use of 
sodium foi'maldehyde sulfoxylate because of its relative stability, low toxicity, 
and rapid reaction with mercury in vivo and in vitro. He reported the effects 
of this drug in one human case and outlined a routine of therapy to be fol- 
lowed with the drug. A little later® he reported excellent results in 10 human 
cases following essentially the same routine which he had suggested previously. 
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wi.l. 5 cunt so,. nun to, -n.,,!, .Cycle soltosy.ate, Icavh.-- 
200 c.c. of solution in tlie stoinacli. 

2. Ten gi-.-nns of soilimn foiTnaltleliycle sulfoxylate in 100 to _ c.c. o 
intravenously in twenty to thirty minutes. If poisoning is severe, 

peated in four to six hours with 5 to 10 Gin. ^ 

3. If colitis develops, high colonic irrigations are to be given once oi wic 

a day with 1:1,000 sodium formaldehyde sulfoxylate. 

Brown and Kolniei-’ repeated some of the experimental work on 
they concluded that sodium formaldehyde .sulfoxylate had a 
which was increased in the presence of mercuric chloride. Ihey that there 
was a certain danger in using the drug intravenously, and the best eftects . 
obtained by oral use as soon as possible. iMonte and Hull ^I'eated sev en cas 
irith the method of Rosenthal, utilizing also physiologic suppor ive m ^ 

Pour of the seven patients showed evidences of seveie poisoning, lee ° 
dving. Soon afterward, RosenthaP confirmed the results of Brown an , 

showing that the toxicity of sodium formaldehyde sulfoxylate was increased in 
the presence of mercuric chloride, but he stated that the inciease was no as 
great as thev reported. He suggested that the second intravenous do,se should 
contain 5 Gm. or less of the drug and he showed that the speed of injection 
affected the toxicity directly. In addition, he cited 25 human cases of his o^ 
and about 25 from other clinics in which the results of treatment were good with- 
out untoward effects. Followdng this, in 1937, Modell and associates® performed 
further experiments on animals which had been given fatal doses of mercury. 
They concluded that the protection afforded by sodium formaldehyde sulfoxy- 
late was limited by the speed of action of the merenry. Moreover, they showed 
that the end product of the reaction between merenry and sodium formaldehyde 
sulfoxylate was one-half to one-third as toxic as the mercury itself. Of most im- 
portance, however, was their demonstration that the allvalinization of the media 
increased the speed of reaction of the .sodium formaldehy^de sulfoxydate with 
mercury. The last point is of definite significance, e.speeiallv' in cases of oral 
ingestion of mercury where the poison enters the strongly^ acid stomach secre- 
tion. 


Hug^ reported a series of 72 eases of acute mercury poisoning treated with 
sodium formaldehyde sulfoxylate by gastric lavage and intravenous injection. 
There were five deaths, although about one-half the patients showed definite 
evidence of kidney damage by urinary changes. On the other hand, Monte and 
Hull® reported 40 patients treated with sodium formaldehyde sulfoxylate by 
lavage and intravenous injection as well as by physiologic .supportive measures, 
such as intravenous glucose and saline solutions, morphine, and transfusions. 
Eighteen patients developed .synnptoms of acute poisoning, and of these, 14 died. 
They concluded that there may' be a definite danger in the use of the drug be- 
cause of the apparent increase in mortality over other averages® and also that 
the drug is valuable only' if used very early'. Other authors’®’’® have reported 
eases treated with sodium formaldehy'de sulfoxy'late by' lav'age, by' intravenous 
injection, and by colonic irrigation with generally favorable results. 
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Sodium forinaldehyde sulfoxjdate is a stable, white, crystalline powder, 
readily soluble in water. It is relatively nontoxic whether used orally, reetally, 
or intravenously. It reacts direetlj” with mercuric chloride (more I'eadily in 
alkaline medium) to precipitate mercury or to form a mercury compound which 
is one-third to one-half as toxic as the original mercury salt. The last fact ac- 
counts for the increase of toxicity of the sodium formaldehyde sulfox 3 -late in 
the presence of mercuric chloride. Tlie drug is largelj' excreted in the urine. 
Due to these properties sodium formaldehj-de sulfoxjdate is at present one of 
the best antidotal agents for acute mereurj' poisoning. It ma^’’ be used in all 
lavage and irrigation fluids as well as intravenonslj" to reach the kidney's. It is 
easj' to handle and it is readilj" available. 

In view of these facts, sodium formaldel^vde sulfox,ylate was tried in a 
series of 20 patients over a period of about eighteen months. The routine used 
w’as based on that of Rosenthal,*' -• ® with a number of modifications based on 
other experimental work® and on certain personal ideas. It consisted of : 

1. Immediate gastric lavage, using 4 per cent .sodium formaldeh.vde .sulf- 
oxjdate in 2 to 3 per cent sodium bicarbonate solution. Five hundred cubic 
centimeters or more of solution are used, leaving 250 c.c. in the stomach. 

2. Injection of 200 e.e. of 5 per cent sodium formaldehjxle sulfoxj'late 
intravenousIjL taking one-half hour for the injection and then following it with 
a continuous drip of 5 per cent glucose in normal saline. Injection of an addi- 
tional 100 c.c, of 5 per cent sodium fonnaldehyde sulfox.vlate intravenously six 
hours later. 

3. Use of two liigh colonic irrigations a da.v, using 4 to 5 liters of 1 :1,000 
(0.1 per cent) sodium formaldehyde sulfox\'late for each irrigation. 

4. Gastric lavage with 500 c.c. of 4 per cent sodium formaldehj'de sulfox.v- 
late in 2 to 3 per cent sodium bicarbonate solution twice a day for two da.vs. 

5. Injection of at least 2,000 e.e. of 5 per cent glucose in normal saline 
intravenous] 3 ^ dail 3 ^ for se^'en to ten da.vs. 

6. In the event of stomatitis, use of a mouth wash of 2 per cent sodium 
formaldeh 3 'de sulfox 3 date in 2 to 3 per cent sodium bicarbonate solution two to 
three times daih'. 

7. Use of morphine, stimulants, and other supportive measures as needed. 
If shock is present, it is combatted b.v appropriate methods. 

8. Use of soft diet and forced fluids. 

A number of laboratory pz’oeedures ai-e pei’forraed. Dai! 3 ’ routine urine 
examination is done, and daiU^ nonprotein nitrogen, carbon dioxide combining 
power, and creatinine determinations are made on the blood. Specimens of 
urine, stool, vomitus, eolonic wa.shings, stomach washings, and mouth washings 
are examined for merenr.y dail.v using the eleetrol 3 die znethod. N’aturally, the 
procediu’e is modified to fit the needs of the individual patient and in accordance 
with the clinical eoux-se. 

All the patients had taken mercuric chloride in doses ranging from 7.5 
(one tablet) to 45 (six tablets) grains. The average dose was 17.68 grains and 
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the iiicuu dose was lo {Ai'aiiis. Kinesis oeeiu'i'oil in all patients at intei\als ^al\- 
ing from live minutes to two hours after ingestion. In 13 patients emesis oe- 
eiirred within lifteeu minutes. The interval between ingestion and therapj with 
sodium formaldehyde sulfoxylate ranged between fifteen minutes and thiit\-six 
liours. Si.xteen patients were treated within one hour, and 11 within one-half 
hour (see Table I) . 

Taui.e I 
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Of the 20 patients 14 (70 per cent) showed evidence of renal damage by 
changes in the urine, ranging from traces of albumin to 4rf albumin, easts, red 
and wdiite blood cells. ,(No urine test was done in one patient who died.) Pour 
eases (20 per cent) showed evidences of renal damage by definite changes in the 
blood chemistry. No urine examination was done in one patient and no blood 
chemistry test in two. Thirteen patients (65 per cent) developed colitis, as 
evidenced by generalized abdominal cramps, and in some eases, bloody diarrhea. 
Jfercury was found in the vomitus, washings, or excreta in 16 of 19 patients 
examined (84 per cent). In 12 patients (75 per cent of the positive eases) 
mercury was present in two or more of these groups (see Table I) ^ 
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Sixteen patients I’eeovered eoini>letely Avith no residual effects. Four pa- 
tients died. Of these, three developed anuria and uremia, and the other died 
shortly after ingestion of the mercury in respiratory failure, evidently the result 
of aspiration of vomited material or edema of the glottis. The case reports of 
the patients who died are presented here. 

Case 9. — tV., a 27-year-ol(l white man, swallowed 3 tablets (22.5 grains) of mercuric 
chloride with a glass of water in an attempted suicide. Fifteen minutes later he Tomited 
blue material, and about one hour later he was brought into the hospital. On admission 
he appeared acutely ill and he was vomiting bloody mucoid material. His face was blotchy, 
and his lips, tongue, and pharynx were markedly injected and moderately swollen. Abdomen 
was tender. He was lavaged with 1,250 c.c. of 4 per cent sodium formaldehyde sulfoxylate 
in 2 to 3 per cent sodium bicarbonate solution, and ho swallowed about 450 c.c. of the same 
solution. Some of the lavage returns were gray with precipitated mercury. He was then 
given 200 c.c. of 5 per cent sodium formaldehyde sulfo.vylate intravenously and 100 c.c. of 
the same solution seven hours later. He was lavaged twice a day for one day, with 4 
per cent sodium formaldehyde sulfoxj’late in sodium bicarbonate solution, and used a mouth- 
wash and gargle of 2 per cent sodium formaldehyde sulfoxylate in sodium bicarbonate 
solution two to three times a day. In addition, he was given high colonic irrigations with 
1:1,000 sodium formaldehyde sulfoxylate twice a day for three days. In spite of all treat- 
ment, ineluding 5 per cent glucose in normal saline intravenously daily', the patient became 
steadily worse, developed marked oliguria on the third hospital day’ and slight edema with 
a moderate temperature elevation on the fourth liospital day. On the morning of the fifth 
hospital day he developed acute pulmonary edema, even though the intravenous fluid had 
been changed to 5 per cent glucose in distilled water. He responded well to treatment for 
this complication, but a short time later he gasped suddenly and died. Permission for 
autopsy was not obtained. Urines when obtained showed 1-3+ albumin and a few red 
blood cells and white blood cells. Nonprotcin nitrogen started at 36 mg. per 100 c.c. and 
rose to 67 mg. per 100 c.c. Creatinine started at 1.7 mg. per 100 c.c. and at time of death 
was S.3 mg. per 100 c.c. Mercury was found in the vomitus, stool, lavage material, and 
urine. 


Case 11. — H. S., a 28-year-old white woman, took four tablets (30 grains) of mercuric 
chloride with suicidal intent. She vomited twenty minutes later and was brought into the 
hospital about one-half hour later. On admission examination revealed an obese woman, 
appearing acutely' ill, vomiting continuously. Her lips were swollen and she showed marked 
injection of her mouth and throat. Abdomen was slightly tender and showed slight spasm. 
Kemainder of examination was negative. Patient was immediately lavaged with 500 c.c, 
of 4 per cent sodium formaldehyde sulfoxylate in 4 per cent sodium bicarbonate solution. 
The washings were dark gray' with precipitated mercury. She was washed further with 
large amounts of normal saline and sodium bicarbonate solution. A continuous intravenous 
drip of 5 per cent glucose in normal saline was started. Three liours later she was given 
200 c.c. of 5 per cent sodium formaldehyde sulfoxylate intravenously, followed by 100 c.c. six 
hours later. Because of the character of the washings (containing precipitated mercury), 
a tube was kept in the stomach for thirty-six hours, and the stomach was washed alternately’ 
with plain normal saline and sodium bicarbonate solution and 4 per cent sodium formaldehyde 
sulfoxylate in sodium bicarbonate solution every three hours. She was given two high colonic 
irrigations a day with 1:1,000 sodium formaldehyde sulfoxylate and continuous intravenous 
5 per cent glucose in normal saline, followed later with 5 per cent glucose in distilled water. 
She was given mouthwashes of 2 per cent sodium formaldehyde sulfoxylate because of the 
stomatitis and pharyngitis. On the second hospital day she had an oliguria, and on the 
third day she became completely anuric. She became progressively worse with onset of 
drowsiness, edema, and abdominal cramps. She developed hemorrhages in the fundi. Despite 
diathermy to the kidneys and supportive measures, including sodium lactate intravenously 
to* combat the acidosis, the patient died on the eighth hospital day. Her urine when ob- 
tained initially showed 3 -h albumin, 4 to 6 white blood cells and occasional easts. Her 
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noniirotein nitroyon nuigod from 'JS m;j. pi’r 100 o.r. on mlmisMion to D.'i in';, per 100 e.e. 
at the time of dentli; her erentiniue from 2.S in", per 100 e.e. to l.'l.O m>f. per 100 e.e. Carbon 
ilioxide comhiniii" power deereafod to 2.1.1 volnme.s per eent, but returned to 11.9 volume.s 
per cent at the time of deatli. Mercury wa.s found in the vomitns, ga.stric wa.'iliingH, colonic 
waaliings, stools, and urine. Permission for autopsy was obtained. The e.s.sential tludin".s 
at autopsy were: 

Gross: Pulmonary edema and patcliy bronchopneumonia; large, pale, swollen kidney.s, 
with moderately injected pelves, weighing together -100 Gm.; moderate gastriti.s, enteritis, 
and colitis with a greenish gray, pseudodiphthcritic membrane in the reetum and a portion 
of the sigmoid colon. 

Microscopic: Lungs showed pulmonary edema and bronchopneumonia; kidneys showed 
a marked mercury nephrosis with early regeneration and healing; stomach, small intestine, 
and colon showed simjde inliammation, with slight superficial necrosis of the mucosa in the 
region of the rectum and sigmoid colon. 

C.\SE 12. — II. B., a 17-year-old white male, took fi tablets (45 grains) of mercuric 
chloride with suicidal intent. He vomited thirty to sixty minutes later and was brought 
into the hospital about three hours after ingestion. Examination on admission revealed a 
comatose man, breathing heavily and with some difficulty. He was cyanotic and vomited 
bloody material, and was having bloody diarrhea. Skin was moist and cold. There were 
coarse rales at both lung bases. Blood pres.sure was 1-10/100. He was immediately lavaged 
with large amounts of 4 per cent sodium formaldehyde sulfoxylate and sodium hyposulfite. 
He was given 200 c.c. of 5 per cent .sodium formaldehyde sulfoxylate intravenously, followed 
by 5 per cent glucose in normal saline in a continuous drip. Preparations were made for 
transfusion. However, the patient became rapidly and progre.ssively worse and died one 
. lour and forty minutes after admission. Death was evidently due to respiratory failure 
ollowing cither aspiration of vomitus or acute edema of the glottis. It was later discovered 
tiat the patient had a history of peptic ulcer. Xo laboratory studies were done \utonsv 
was not perform'ed. ‘ 


Case 19.— A. M., a 29-year-old white female, took four tablets (.30 grains) of mercuric 
0 1 onde with suicidal intent. She vomited blue material ten minutes later and was brought 
ino the ho.spital about thirty minutes after ingestion. On admission e.xamination revealed 
• acutely 111 woman, vomiting large amounts of greed fluid and having severe diarrhea 
uth and pharynx showed considerable injection and swelling. Remainder of the examina- 
lon was c.ssentially negative. The patient was immediately lavaged; with 500 c c of 4 per 

100 r T sulfoxylate in 2 to 3 per cent sodium bicarbonate solution. About 

C.C. of solution were left m the stomach. She was then given ^qo c c of 5 ner 

-sulfpxylate solution intravenously, followed by a continuous drip of 5 
I cent glucose in normal saline. Six hours later an additional 200 c c of 5 ner cent !nT - 
formaldehyde sulfoxylate were given intravenously. A Levine tube was put 101-^ T T 

soZum'v"'^!!^'^ stomach was washed with 4 per cent sodium formaldehyde sulfo.^la'te i^ 
m bicarbonate solution every two hours four times. About twenty four P ^ 

soluUorinIra^"‘'"°f "•‘=- ^ P” formaldehyde suTfo^lale 

oiution intravenously and about 500 e.e. of Fischer's solution as well <5i.e “-’^t'tte 

with 4 per cent sodium formaldehyde sulfo-xylate in sodium bicarbonate t’ - ’‘tvaged 

a ter admssion. She was given two high colonic irSt“ .s Td 

ormaldehyde sulfo.xylate. She was put on a liquid diet w-ith forced flu 1 a'n 1 ' 

birge amounts of 5 per cent glucose in normal saline altlrmatimr witJ - ^ ' 

distilled water up to 4,000 c.c. a day. About eighteen hours after admis^" 

legan to sliow definite oliguria, and on the fourth hospital dav si P patient 

became progressively worse, appeared toxic and drowsv Li 1 She 

on the sixth hospital day and, despite all supportive Measures LtT t, 

day. Urmes showed 3+ albumin and many granular casts as 1^11““ ° 

cons, ^onprotein nitrogen ranged from 57 mg. per 100 c.c. to iLLt pLr ^.e!: mlS 
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from 2.0 mg. jier 100 c.c. to 7.2 mg. per 100 e.c.. Vomitus, ga.stric na-sliiiigs, urine, stools, 
and colonic washings were po.sitive for mercury. Permission for autopsy was obtained. The 
essential tinding.s at autop.sy were: 

Gross; Generalized edem.a; moderate pulmonary edema and patchy bronchopneumonia; 
large, pale, swollen kidneys; a deep ulceration in the stomach, about 1 cm. in diameter, with 
injection of the stomach mucosa ehsewherc and moderate injection of the colon. 

Microscoino; Lungs showed edema and bronehoimeunionia; kidneys showed a marked 
mercury nephrosis with early regenerative changes; the stomach showed a deep necrotic 
area, extending into the museularis, witli a mild inflammatory change elsewhere in the stomach 
mucosa, and the colon showed a mild catarrhal colitis. 

COJIMEXT 

The important clement in any method of treatment of acute oral mertuvy 
poisoning is not the rapidity with which patients recover nor the presence or 
absence of residual effects, but it is the actual recovery itself or tlie resulting 
mortality rate. The mortality rate of 20 per cent obtained in this small series 
is slightly better than the 25 per cent rate obtained by Hull and Monte'-’ in a 
much larger series treated by various other methods. In the same large series 
they also noted that about 50 per cent of all ca.se.-; shoived evidence, either 
urinary or otherwise, of real poisoning, half of these dying. In this series 17 
cases, or So per cent, -'’howed evidences of poisoning with either renal or colonic 
damage and 10 eases, or 50 per cent, showed both. Neverthelecs, in a small 
series these figures are not too significant. 

In the four fatal cases the doses were larger than the average of 17.68 
grains, ranging from 22.5 to 45 graims, the time interval from ingestion to emesis 
was ten minutes or over, and the treatment interval ranged from thirty minutes 
to three hours. Moreover, in Case 11 intravenous therapy was delayed for 
over three hours ; hence the absorbed mercury was able to reach the kidneys and 
cause damage before it could be precipitated. In Ca.se 12 death ivas primarily 
respiratory. The importance and value of higli colonic irrigations are amply 
demonstrated by the autop.sy findings in Ca.ses 11 and 19 ivhere the colons were 
only superficially involved, indicating that the irrigation.s were effective in re- 
moving the concentrated mercury. The high incidence of colitis even early in 
the course of the poisoning makes the prompt iustitution of high colonic irriga- 
tions especially significant. ^Mercury was found in the stools of 14 of the 16 
mereurj' positive eases, and of the mercury positive cases which shoived clinical 
evidence of colitis it was found in the stools of all except one (11 out of 12). 
This again emphasizes the role of the colon in the excretion of the merciny. 

The importance of early and intensive treatment both oral and intravenous 
cannot be overestimated, inasmuch as the mercury is absorbed rapidh’ and 
produces severe damage in a short time. The fact that the substance fowned by 
combination of mercury and sodium formaldehyde sulfoxylate is still toxie 
should not be overlooked, so that physiologic supportive measures must be main- 
tained encouraging excretion by all avenues. Moreover, the toxic effect of the 
mercury on the body as a whole must be combatted by the supportive measures. 

The method of treatment advocated here is far from ideal. It is attended 
by certain dangers and requires careful supervision. Each case should be 
treated individually and each situation should be met as it arises without too 
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INFLUENCE OF COMPONENTS OF THE VITAMIN B 
COMPLEX ON RECOVERY FROM FATIGUE* 


B. E. Foltz, M.S., M.D., A. C. Ivy, Ph.D., M.D., and 
C. J. Barborka, M.S., M.D., D.Sc., Chicago, III. 


I T IS generally conceded that one of the cardinal symptoms of thiamme de- 
ficiency is easy fatigability.*'^ It is reported that in patients suffering from 
thiamine defieiencj" the blood p 3 ’ruvate is elevated and that the administration 
of thiamine causes it to become lower.**’ ® Muscular exercise produces a rise in 
the blood pju'uvate level above that found at rest.' Further, thiamine-deficient 
patients develop a higlier level of pj'ruvic acid in the blood after exercise than 
do normal persons® and are capable of less work.® Some investigators*®'*® have 
felt that the administration of thiamine and other components of the vitamin B 
complex alla}’'ed fatigue. For these reasons, an attempt was made to ascertain 
whether recovery could be hastened bj’ the administration of thiamine and other 
members of tlie vitamin B complex to fatigued persons. 

Five persons under controlled conditions of liousing and diet were studied. 
The diet was adequate in all respects and contained approximately 1.8 mg. of 
thiamine and 3.5 mg. of riboflavin. “Double work periods”*® were used. The 
work was done on Monday, Wednesday, and Friday afternoons at the same time 
between 2 and 4 o’clock. The subjects would work to fatigue at a rate of 1,235 
kg. per minute, with a pedalhig rate of 54 r.p.m. on the bicj’cle ergometer, de- 
scribed by Kelso and HeUebrandt.’* The end point was their inability to main- 
tain this rate. Immediately after this first work period the vitamin to be tested 
was injected intravenously. Then ten minutes after tlie cessation of the first 
work period each subject would again work to fatigue. Placebo injections were 
substituted at random for the vitamin injections. No subject was allowed to 
watch an injection. The vitamins used were thiamme hydrochloride, t 25 mg., 
20 trials; B complex parenteral,! 1 to 5 c.c., 7 trials; cocarboxylase,$ 10 mg., 4 
trials; I’iboflavin,! 1.25 to 10 mg., 12 trials. The results are shown in Tables I 
and II. 

The results for thiamine, coearboxylase, and B complex are included in 
Table I. Since they had no significant effect, the results with each vitamin are 

♦Prom the Departments of Medicine and Physiology. Northn-estern Univ'ersity Medical 
School. Chicago. 
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Thiamine hydrochloride — 50 mg. per cubic centimeter. Riboflavin — 1 mg. per cubic centimeter. 
B coSple.v: parenteral, each 10 c.c. contains: • 

Thiamine hydrochloride. 30 mg- 
Nicotinamide, 100 mg. 

Riboflavin, 3.3 mg. 

Pyridoxine hydrochloride, 10 mg. 
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not tabulated. The ribotlavin wjus administered at a later period of training, 
and the data on it are iu Table II. Referring to Table I, it will be noted that 
in 2 of the 3 subjects (B and D) the work output of the second work period 
following the administration of vitamins is insignificantly less than with the 
placebo; in the other subject (A) it is not significantly elevated. In no case is 
the total work output greater follow’ing vitamin administration than it is in the 
control or placebo series. These two factors more than cancel tlie apparently 
favorable effect of vitamins on per cent recovery, which effect, however, is not 
statistically significant. 


Tabi.k I 


D.VT.V on TIU.SMISK, COC.\KUOXYt..\SE, -VSI) THE B Cosiw.EX 


SUBJECT 

type of 

WORK 

PERIOD 

PERIOD OF 
TRAINING 

(months) 

NI'MDER of 
DOUDLE 
WORK 
PERIODS 

1st period 

WORK 

1 OUTPUT 

(kg.) 

AVER, 

2ND PERIOD 
WORK 
OUTPUT 

1 (KG.) 

AGEN 

TOTAL 

WORK 

OUTPUT 

(kg.) 

PER CENT 
RECOVERY 

A 

Control 


10 

13,951 

GjooG 

20,275 

46 


Vitamin 


9 


7,156 

20,168 

56 

B 

1 

Control 

1.3 -3.75 

21 

6,573 

4,491 

11,142 

68 


Vitamin 

1.3 -i 

15 


4,373 

10,889 

68 

D 

Control 

2 -3.25 

15 


5,595 

15,340 

56 


Vitamin 

3.25-3.75 

7 

1 8.816 

5,5.30 

14, .340 

03 


Table II 


D.vta on Kibofuvvin 


SCBJECT 

type of 
Work 
PEP aOD 

PERIOD OF 
TR-MNING 
(months) 

NUMBER OF 

double 

WORK 

PERIODS 

.UTRAGES 

1st PEEIOD 
WORK 
OUTPUT 
(KG-) 

2Nt) PEP.ion 
WORK 
OUTPUT 

(kg.) 

TOTAL 

WORK 

1 OUTPUT 
(KG.) 

1 

PER CEXT 

1 RECOVERY 

A 


8 -8.5 

7 


5,900 

14,655 

70 


Kibollavin 

8.5 -8.75 

O 

8,355 

5,941 

14,297 

71 

B 

Control 

8.25-8.75 

7 

6,079 

4,200 

10,339 

71 


Riboflavin 

8.75-9 

3 

6,283 

4,384 

10,667 

70 

E 

Control 

4.0 -5 

0 

3,770 

2,669 

6,437 

71 


Riboflavin 

5 -5.25 

3 

3,931 

2,805 

6,736 

71 

F 

Control 

4.5 -5 

6 

4,840 

2,696 

7,536 

56 



Riboflavin 

5 -5.25 

3 

5,254 

2,973 

8,032 

53 


Referring to Table II, it is seen that in the case of A the output of work was 
insignificantly less following ribofla-vin than in the control series. Considerin" 
the subjects B, B, and F, it is apparent that insignificant increases in work out” 
put occurred during the first and second periods and in the total work output 
after riboflavin. However, the insignificant increment observed after the ribo- 
■ flavin can well be explained by training or experimental variation. Also, if an 
effect had been produced by the riboflavin, a significant increase in the per cent 
recovery should have occurred. Such was not the case. Thus no significant 
effects were observed, and the subjects reported no subjective sensations what- 
ever after receiving any of the vitamins. 

Th^e results show that the vitamins administered above do not act promntlr 
0 facilitate recovery. This statement is made because it is not to be concluded 
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that an increase in recoveiy will not occur when these vitamins are added to a 
diet containing an insufficient quantity of them. 

Further Observations on the Double MVork Period Method of Studying Fa- 
tigue. — One reason for using' tlie double work period method of studying fatigue 
is that it assists the investigator in determining whether or not his subjects have 
worked to complete fatigue. This is based in part on our observations” that the 
per cent recovery is more constant than the output of a single work period. For 
example, if a subject does not work to complete fatigue in the first period, he 
will work longer than usual in the second period, and his per cent recovery will 
be correspondingly high. If, hoivever, he does work to complete fatigue the 
first period and does not work to complete fatigue in the second period, his per- 
cent recovery will be unusually low. To clieck whether or not per cent recovery 
could be “faked, ’’ four subjects were stopped wlien they had done approximately 
75 per cent as much work as average in the first period. In the second period 
they were asked to stop as far short of fatigue as thej' had in tlie first period. 
In no case was their usual per cent recovery approximated. 


T.-VBLE III 

Initial Double Work Perioi).s 
(25 Subjects) 



UAXGE 

COEFI'ICIEST OF A'AKLV- 
TION 

' l.st period Avork output 

1,112-6,133 kg. 


2nd period work output 

761-2,511 kg. 

23.0 

Total Avork output 

1,873-8,023 kg. 

31.1 

Per eent recover}' 

31-99 per cent 

19.0 


To test the double work period method further, the data of the initial double 
work periods on 25 new subjects at the above standard rate of work were 
analyzed. The variability of the four items of fatigue data obtained by this 
method are shown in Table III. These data indicate that even in untrained 
persons the per cent recovery is the most constant ph 3 'siologic characteristic 
of these four manifestations of fatigue and tJiat the first -work period, the 
variability of which corresponds with that of the single work period, is the most 
variable. That the ten-minute rest period is not too short to reveal the effect of 
any substance on recovery has been demonstrated b 3 " the favorable effects of 
caffeine.” 

CONCLUSIONS 

Thiamine, cocarbox 3 dase, riboflavin, and parenteral vitamin B complex given 
intravenously have no immediate influence on recoveiy from voluntary muscular 
fatigue in subjects receiving “adequate” nutrition. 

The double Avork period method of studying fatigue enables the investigator 
to determine whether his subjects are actually working to a designated end 
point of fatigue. 

The per cent recovery is less A’ariable than the first period work output, 
the second period work output, or the total Avork output in initially untrained 
subjects. 
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CLINICAL CHEMISTRY 


CIRRHOSIS OF THE LIVER® 


Results of Treatjient With Parekterallv Admixistered 
Amixo Acids 


I. Donald Pagin, jM.D., and Francis T. Zinn, jM.D. 
Detroit, jMich. 


PLASMA PROTEINS AND CIRRHOSIS OF THE LITOR 

R ecent studies in the relationship between plasma proteins and liver diseases 
have indicated that in order to maintain an efficient liver function, adequate 
protein supplies are necessary; and conversely, in order to maintain normal 
plasma protein levels, the liver must be in a good functional condition.® 

The finding of decreased concentrations of blood proteins in cirrhosis of the 
liver was first observed by Grenet and Gilbert in 1907, and has been frequently 
substantiated since.*’ *“ In general, total protein content of the serum is 
usually decreased, primarily because of a depletion of the albumin content, and 
the A./G. ratio is low or inverted. Occasionally, the serum globulin is increased, 
apparently compensating for the albumin deficiency, so that total serum proteins 
may be within normal limits.®’ *® The hypoalbuminemia or hypoproteiuemia 
generally found in hepatic cirrhosis may be attributable to one, or to a com- 
bination of the following factors.-** (a) Deficiency of protein food intake, (b) 
Protein loss via drainage of albumin in the ascitic fluid, (c) Increased 
permeability of the capillary bed with consequent diffusion of proteins into the 
tissues, (d) Failure of the liver to produce proteins or defective formation of 
proteins, (e) Deficiency of protein-building materials stored in the normal liver, 
(f) Other factors as yet undefined. 

Deficiency of protein intake has been excluded as a significant factor by 
Folej^ and co-workers,*® who described several patients with severe dietarj^ restric- 
tions, but without clinically recognizable hepatic damage, who, although they 
exliibited some decrease in total proteins, showed ho increase in the globulin 
concentration and no reversal of the A./G. ratio. Myers and Keefer* were unable 
to demonstrate any effect on plasma proteins by feeding patients with cirrhosis 
of the liver diets containing from 180 to 300 Gra. of proteins daity, possibly be- 
cause of the impairment of the proteogenic function of the liver.®’ *® The 
sio-nificanee of protein loss via ascitic fluid drainage has been minimized by 
Barrett, Jones, and Cohn® who reported a patient with hepatic cirrhosis who 

^rom the Medical Service and Laboratories of the United States Marine Hospital. 
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plasma protein level. Patients p,,ilonitis, or eonge.s- 

....c, conto,.. 

Ik protein loss is companiWc- determination does 

Butt and assoeiates" su-geslcd that tlic usual i ,„„mni.ane Thev 

not odeciuatcly reileet the osmotie interplay at the “p^Uent's 

aetitaliv measttred the eolloidal osmotie prenssnre ot Colloid 

withei-rrhosis of the liver attd tonnd that ‘%dema and 

osmottc pressure teas below normal „£ normal, proliahly 

ascites had colloid osmotic prc.ssures bclo mnleeules have the 

because of the hypoalbuininemia, since the smaller a u j^ippui-ic acid 

sreater osmotic effeot. Usins Iho bromsnlfalem f “f 

Lthetis tests to measure the degree of hopal.c damage, Butt and h s roup 
toauJ an apparent eorrelation between the eollo.d osmot.e piessutc 
the degree of hepatic insufficiency. _ . . , 

The most likely factor, then, to explain “o^eTo doX^^ 

Is the impairmoiit ot hepatie proteogeme mechanism (pi^ > i„„,ea,ed 

ot protehnbuilding stoims in the liver), perhaps actmg together n.th rnereased 

permeability of the capillary bed. _ • -u • u-t-m- 

Pitthm edema of the lower extremities is often seen m cirrhosis of the Inei, 

and the nmst widely accepted explanation has been that the is due ^ 

to an increased venous pressure in the lower extremities as a 

intra-abdominal tension caused by ascites, or to a concomitant cpn^estue heait 
failure. Myers and Keefei- point out that these factors do not expl^ /he d - 
pendent edema sometimes seen in patients with a minma amom ^ 

fluid and without other evidence of cii’culatory failure. They stu/ed blood 
and ascitic fluid protein values in their patients and concluded that the de- 
pendent edema is due, partially at least, to hypoproteinemia and increased 
venous pressure, the latter occurring only in the presence of massive ascites. 


rationale 

Lillie and associates^ reported the production of cirrhosis in rats maintained 
on a diet deficient in protein, and also noted an increase in the severity of the 
hepatic lesions when 20 per cent alcohol solution was used instead of water in 
conjunction Avith the protein-defieient diet. Eats maintained on an adequate 
protein regimen exhibited no liver changes, even Avhen the 20 per cent alcohol 
was added. The low sulfur content of the protein-poor diet used suggested a 
possible relationship betiveen the amino acid content of the diet and the ability 
of the liver to resist orally administered poisons. 

In a later report Lowi-y and co-workers“ presented the result of treatment 
of experimental dietarj' cirrhosis of rat livers produced by a loiv choline, low 
casein diet with added cystine. They found that the use of choline, or a high 
casein diet, or both, resulted in hyperplastic regeneration of the liver cells, with 
the disappearance of degenerative fatty changes. Grossly, the livers of rats 
thus treated exhibited a considerable decrease in size. 
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It has been shown by several observers (Elman and Weiner, Shohl, Blaekfaii 
and Butler; Altshuler, Hensel and Sahyun, quoted in reference 13) that nitrogen 
equilibrium may be maintained by amino acid mLvtures. i\Iessinger“ has re- 
ported serum protein regeneration following the use of amino acids in nephrosis. 
In view of these oliservations it was deemed advisable to investigate the effects 
of adminislex’ing an amino acid mixture to patients with hepatic cirrhosis to 
determine what etfeets, if any, would be demonstrable on serum proteins, edema, 
ascitic fluid production, liver size, and liver function. 


JIETHOD 


Five patients with clinical diagnoses of cirrhosis of the liver were selected 
at random from the wards; four were in the so-called ‘'decompensated” stage of 
portal cirrhosis (i.e., they e.xliibited ascites at some time or another), and one was 
clinically in the so-called ‘‘compensated” stage. The clinical features of these 
patients are summarized in tliis report. In all cases jaimdiee subsided before the 
institution of the study. In order to obtain a base line, the patients were ob- 
served during a period varying from two months to five months, during which 
time daily weight fluctuations were charted, ascitic fluid output was measured by 
paracenteses performed as indication arose, lilood protein values were de- 
termined, and liver function tests were performed. The bromsulfalein excretion 
and hippurie acid synthesis tests were used. 

Other laboratory determinations made included blood nonprotein nitrogen, 
blood counts, urines (to exclude proteinuria), icteric indices, and sedimentation 
rates. As an index of impairment of carbohydrate metabolism in hepatic disease, 
we used the glucose tolerance test (Exton-Rose method)^ in preference to the 
levulose and galactose tolerance tests. During the base-line period of observa- 
tion, the patients were maintained on a diet of carbohydrate 250 Gm., protein 
125 Gm., and fat 60 Gm. ( The previous diet was tlie regular hospital diet, which 
is adequate in all dietaiy essentials.) After preliminary determinations were 
completed, the protein was reduced to 80 Gm., being supplemented by 300 c.c. 
of a 15 per cent solution of amino acids. 

Because of the possibility that patients with cirrhosis of the liver might 
conceivably exhibit disorders of digestion clinically unrecognizable, the amino 
acids were administered intravenously in order to be certain that they actually 
reached the liver. The mixture used was prepared from a casein hydrolysate 
to which tryptophane was added, and conformed to the following analysis : 


Total nitrogen 

Alpha amino acid nitrogen 

Calcium 

Trj’ptopliane added 
Sulfates 

Phosphates, iron, magnesium 
Acidity 


2.0 per cent 

83 per cent of total nitrogen 
0.01-0.02 per cent 

1.0 per cent 
0.01 per cent 
trace 

pH 4.0-f.3 


The solution was administered dailj’-, intravenously, after the patient’s 
breakfasts, for four weelts (except in the ease of patient G. R., in whom the 
development of an incidental type XIII pneumococcus pneumonia with bae- 
teriemia necessitated cessation of the administration of amino acids after three 
and one-half weelcs) . 
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The sohUiou wius administered in undiluted form over a i)eriod varyin*' from 
thirty-five minutes to four and one-half hours. Reaetions were few and mild. 
The first dose resulted in an inereased nnmher of bowel movements in tliree of 
the five patients. Tlie stools were of normal eonsisteney, and the increased num- 
ber of evacuations was attrii)Uted to a hypermotility of the colon. This reaction 
was observed the first day only and did not recur. Slight nausea, occasional 
vomiting, or one-half to one degree elevation of temperature, a.ssoeiated with 
ehilly sensations, were occasionally observed during the first week of amino acid 
admini-strations. Those reaetions tended to occur in the patients who were 
clinically in the poorest condition at the omset of the experiment. The rate of 
administration of the solution hove no constant relationship to the incidence of 
such reactions, for a patient occasionally exhibited nausea or a slight fever 
when the period of administration was four and one-half hours, and no reaction 
whatsoever when the period was one-half hour. Xo systemic reaetions occurred 
after the first week of administration of the solution. Local reactions at the 
sites of intravenous administration of the .solution consisted of a slight transient 
burning sensation if some of the solution leaked into the surrounding tissues, and 
occasional painle.ss local thrombosis of the veins without a.ssociated swelling 
or inflammatory reaction. 

During the month of administration of amino acids frequent determinations 
of blood proteins were made. Tlie degree of hepatic and splenic enlargement was 
gauged by measuring the distance of the liver edge or splenic tip from the costal 
margin in the nipple line. These mea.surements were made immediately after 
paracentesis in those patients with ascites to assure greater accuracy. 

At the conclusion of the arbitrarily determined month of administration 
of intravenous amino acids, the bromsulfalein excretion, hippuric acid synthesis, 
glucose tolerance tests, serum proteins, blood nonprotein nitrogen, icteric index, 
erjqhrocyte sedimentation rate, and blood counts were repeated. 


CASE REPORT.S 

C.4SE 1. — G. E., a 53-year-ol(l vrliite male patrolman, admitted on October 21, 1941, com- 
plained of an upper respiratorj- infection of one month’s duration; abdominal swellino- 
anorexia, exertional dyspnea, and ankle edema of one and one-half weeks’ duration. History 
of left apical tuberculosis, treated from 1929 to 1933 with rest, pneumothorax, and phrenicec- 
tom}-. Tlie tuberculosis was inactive since 1933. The patient admitted only slight previous 
indulgence in alcohol. Physical examination: icteric sclerae (icteric index 40); ascites grade 
3 (on a basis of severity of grades 1 to 4); grade 1 edema of the legs; dim’inished breath 
sounds in both ba.ses; dullne.=.s in left apex anteriorly with diminished breath sounds- and 
tver enlarged to 10 cm. below the costal margin. Grade 4 penile and scrotal edema developed 
uring obsen-ation period in hospital. Laboratory data: urine negative; blood Kahn test 
negative; sputum and ascitic fluid negative for tubercle bacilli; blood sugar and nonprotein 
itrogen normal; blood count normal; sedimentation rate 22 nim. in an hour, X-rav evam 
matiou of the chest revealed thickened pleura of the left lateral chest wall and librosis at the 
eft apex with angulation of the trachea. Clinical diagnosis: portal cirrhosi.s, decompensated- 
pulmonary tuberculo.sis, left apex, arre.sted. P - d, 

m.ij. examination: .seuilitv; generalized perinher-il i • ^ ^ 
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pable; grade 3 edema of the lower extremities; slight epigastric tenderness; and an enlarged, 
tender, boggy prostate. Laboratory data: blood Kahn test negative; urine negative, e.vcept 
for bile during period of jaundice; blood sugar and nonprotein nitrogen normal; blood count 
normal; sedimentation rate 29 mm. in an hour. EJectroeardiogram showed some evidences of 
myocardial damage. The edema of the loirer e.vtreniities subsided mth rest Clinical diag- 
nosis: generalized arteriosclerosis and arteriosclerotic heart disease; portal cirrhosis, com- 
pensated; chronic prostatitis. 

Case 3. — G. B., a 4C-year-old white male laborer, admitted on July 23, 1941, had dyspnea, 
ascites, and ankle edema of one month's duration. He reported excessive use of alcohol in 
the past. Physical e.xammation; acutely ill, obese, white male, with scleral icterus (icteric 
index 25); ascites grade 3; grade 2 edema of the lower e.xtremities; umbilical hernia; bi- 
lateral foot drop; liver enlarged to 21 cm. below the costal margin. Laboratory data: urine 
negative; blood Kahn test negative; blood sugar and nonprotein nitrogen normal; sedimenta- 
tion rate 21 mm. in an hour. The foot drop cleared rapidly vrith the use of thiamine chloride, 
and was attributed to a peripheral neuritis, secondary to previous inadequate dietary intahe 
and chronic alcoholism. During his stay in the hospital the patient developed hematuria 
(probably due to rupture of a urethral varix) which subsided spontaneously within a few 
days. Clinical diagnosis: port.al cirrhosis, decompensated; chronic alcoholism. 

Case 4. — J. H., a 49-year-old white male laborer, admitted September 22, 1941, com- 
plained of ascites of three months’ duration, jaundice of three weeks’ duration, and ankle 
edema of five days’ duration. He reported e.vceedingly heavy indulgence in alcohol pre- 
viously. Physical examination; chronically ill white male; jaundiced (icteric index 145); 
liver enlarged to 12 cm. below tlie costal margin; spleen enlarged to 7 cm. below the costal 
margin; grade 4 ascites; caput medusae; grade 3 edema of the lower e-xtremities and ab- 
dominal wall; small umbilical hernia; e.xternal hemorrhoids; obesity; and dental caries. 
Laboratory data: urine negative, e.vccpt for bile during period of jaundice; blood Kalm. test 
negative; blood count indicated sliglit anemia; blood nonprotein nitrogen and sugar normal; 
sedimentation rate 18 mm. in an liour. Clinical diagnosis: portal cirrhosis, decompensated; 
cltronic alcoholism. 

Case 5. — A. G., 52-year-old white male bartender, was admitted October 28, 1941, com- 
plaining of anore.xia, intermittent nausea, and vomiting, weight loss of 30 pounds, ascites, 
and weakness, all of six months’ duration. He reported moderately excessive previous in- 
dulgence in alcohol. Physical e.vamination; generalized icterus (icteric index IS); slight dif- 
fuse enlargement of the thyroid; liver enlarged to 11 cm. below the costal margin; spleen 
enlarged to 7 cm. below the costal margin; minimal pretibial edema; small amount of fluid 
in the left chest; grade 3 ascites; old gunshot wound of the right lower extremity with an 
ankylosed right knee; flat feet; varicose veins; and left scrotal hernia. Laboratory data; 
urine negative; blood count normal; blood Kahn teat negative; blood sugar and nonprotein 
nitrogen within normal limits; sedimentation rate 24 mm. in an liour. The ascites did not 
recur after initial paracentesis. Clinical diagnosis; portal cirrhosis, early decompensation; 
left scrotal iiernia; old gunshot wound, right lower extremity. 

RESULTS 

1. Subjective Effects.— ClimeaWy, one of the patients (A. G.) reported an ex- 
cellent improvement in his general condition, associated with moderate gain in 
strength, great improvement in mental outlook, and an increased feeling of well- 
being. Three patients (G. R., J. B., and G. B.) reported moderate subjective im- 
provement, and one patient was subjeetivety unchanged (P. W.). One of the 
patients (J. B.), however, developed a transitory psychosis three weelcs after 
the cessation of our study, but we believe that this episode represented merelj" 
a complicating psychosis in the course of an organic disease rather than any 
deleterious effect of the therapy per se. 






Fig. 1. — The effect of the administration of amino acids on the size of the liver and spleen, 
hiPPuric acid synthesis test. Preliminary observations are solid blocks ; findings 
alter therapy are represented by lined blocks or the words "not felt." 
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Table I 


Effect of Amixo Acibs on' Ascitic Fluid 



J. K. 

G. B. 

Average interval between paracentesis 
Observation period 

Administration period 

8.0 days 

8.7 days 

7.7 days 

8.7 days 

Average daily output of ascitic fluid 
Observation period 

Administration period 

l.-dS-S c.c. 

1,898 c.c. 

1,451 c.c. 

1,377 c.c. 

Average specific gravity of ascitic fluid 
Ob.servation period 

Administration period 

J.0I5 

1.011 

1.011 

1.012 

Average protein content of ascitic fluid 
Observation period 

Administration period 

780 mg. per 100 c.c. 
(300 mg. per 100 c.c. 

775 mg. per 100 c.c. 
CIO mg. per 100 c.c. 


2. Effect on Size of Liver and Spleen . — The most striking result of tlie use 
of the intravenous amino acids was the dramatic decrease in the size of the liver 
of all the patients, particularly in the four with “decompensated cirrhosis.” No 
decrease in size of the liver or spleen had been noted during the period of observa- 
tion preliminaiy to the use of amino acids, and the decrease in size was much 
more rapid and uniform than that usually encountered in the natural course of 
the di.sease. The hepatic and .splenic measurements in centimeters below the 
costal margin before and after treatment are represented in Table II, and in 
graphic fonn in Fig. 1. 

Table II 


EFPF.CT OF THE AdJIIN'ISTBATION OP AjIIXO ACIPS ON' THE .SIZE OF THE LiVEK .VN'D SPLEEN’, AN'D 
ON' THE HiPPURIC AcID SYNTHESIS TE.ST 



A. G. 

i>. AV. 

G. R . 

G. B. 

J. K. 

Liver — cm. below right costal mar- 
gin 

Preliminary 

11 

3 

10 

21 

12 

After therapy 

5 

1 

0 

7 

7 

Spleen — cm. below left costal mar- 
gin 

Preliminary 

7 

1 

0 

0 

7 

After therapy 

0 

0 

0 

0 

3 

Hippuric acid synthesis — as grams 
of benzoic acid excreted 
(normal 3 to 3.5 Gm.) 
Preliminary 

2.20 

2.00 

1.3G 

1.(30 

0.75 

After therapy 

2.3(3 

3.13 

l.(i(3 

1.82 

1.97 


In view of the report of Lowry and associates*- already mentioned, in which 
the livers of experimentally cirrhotic rats were observed to shrink in size and 
exhibit disappearance of degenerative fatty changes when treatment with choline 
or a high-casein diet was instituted, it seems logical to assume that the diminution 
in size of the livers in these eases is primarily due to resorption of the fat in the 
liver cells. The decrease in the size of the spleen in those patients who exhibited 
splenomegaly may be attributable to circulatory readjustments secondary to the 
decreased size of the liver. The mechanism underlying the resorption of the fat 
in the liver cells is uncertain, but it probably represents a lipotropic action of the 
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,.l«»mlcrc,l ami..,, ari.U, U.,r».-uu,alal.v, vvo u..al>l« to tollov up om- 

patients with liver l)i()iisie.s. i, 

The pousiliimy that the al.riuhase iu the .si/.e of the liycf eelleets a e u r 
i„ the .atee eouleut of the liver tkeuc la worthy ol eonauleration, auet animal 
experimentation is necessary to eonfirin or refute this aspect. 

3. Effect on Periphcrol Edemn.-Vonv patients presented peripheral edema 
of varvinu degree at tlie initiation of the study, and all evidenced eoniplete i - 
sorption of the edema fluid within two weeks after the start ot ammo aeid a 1- 
ministration. We are inclined to believe that this t-haiige reflects improvement 
in the serum proteins and osmotic balance at tlie capilbuv nicm naiies. 

4. Effect on the Ascitic Fluid Ontpnl.-Thc administration of amino acids 

had no appreciable effect on the output of a.scitic fluid, oi on the ^ 

of the ascitic fluid. Only two patients rciiuircd paracentesis a sufheient nnm ler 
of times to warrant eon.sidcration, and the characteristics of the ascitic ui in 
these patients is pre.sentcd in Table I. It will be noted that tlieic is as i „ i iii 
appreciable decrease in the average protein content of the ascitic in a ei ic 
administration of amino acids. We do not believe that the changes ni t le aniouii 
of fluid, or in the interval between paracentesis, or in the specific gi-avity of ttie 
ascitic fluid before and after therapy are of significance. However, the decrease 
in average protein content of the ascitic fluid during and aftei theiapj niaj le 
fleet improvement in serum proteins and capillary pernieabilitj . 

5. Laboratory Findinys.-ia) Effect on scrum proteins: Serum proteins 
were determined by the use of photoelectric colorimeter, as desciibed by Loonej 
and Walsh.'' In oiir hands the results were too bizarre and variable to warrant 
consideration. Despite the fact that a large part of the study depended upon 
our following the serum proteins, we were unable to draw any conclusion 
thereunto appertaining because of the inaccuracy of the method in our hands. 
Nevertheless, other findings of sufficient importance developed during the course 
of the study to warrant presentation of our results. 

(b) Effect on hippurie aeid svTithesis: Reference to Table II indicates 
that in all cases there was some improvement in the ability of the liver to handle 
ingested sodium benzoate. In three cases (G. R., J. R., and P. AV.) this improve- 
ment is of significant degree. These findings are suggestive of a beneficial effect 
on the detoxification function of the liver, and possibly an improvement in the 
ability of the liver to manufacture the amino acid glycine, since the hippurie 
acid test indicates the ability of the liver to conjugate ingested sodium benzoate 
with glycine, forming hippurie acid, which is excreted in the urine if renal 
function is adequate.^ 

(c) Effect on glucose tolerance curve: Reference to Fig. 2 indicates that in 
every instance the glucose tolerance curve changed somewhat in the direction of 
improved utilization of glucose after the period of amino acid administration. 
We realize that these te.sts are subject to criticism in that they represent single 
examinations and not a summary of daily variations in the glucose tolerance of 
the individual patient. However, the fact that they all changed in the same 
direction leads us to believe that intravenous administration of amino acids pro- 
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moted increased tolerance and utilization of carbohydrates, particularly since 
the patients were on an adequate diet when the initial determinations were made. 

(d) Effect on broinsiilfalein excretion: In only one patient (G. K.) was 
there any appreciable effect on the broinsiilfalein excretion. In this patient, 
prior to the administration of amino acids, there was 40 per cent broinsiilfalein 
retention in the blood stream after one hour, and at the conclusion of the period 
of intravenous amino acid administration there ivas only a 12 per cent one-hour 
retention. The other patients exhibited no significant changes in bromsulfalein 
excretion. 

(e) Effect on other blood constituents: The blood count, nonprotein 
nitrogen, sedimentation rate, and icteric indices exhibited no significant changes 
during the course, or at the conclusion of our period of study. As has been noted, 
clinical Jaundice had subsided in all these patients before the study was begun. 


SUMMARY 

1. A study of the effects of the intravenous administration of amino acids 
to five patients ivith cirrhosis of the liver is presented. 

2. Clinically, one patient exhibited great general improvement; three ex- 
hibited moderate general improvement, and one remained unchanged. 

3. The most striking result was shrinkage in the size of the liver and spleen, 
possibly attributable to resorption of intracellular fat in the liver, -with circula- 
tory readjustments secondary to the improi’ed portal circulation resulting in 
decrease in splenic congestion. 

4. Peripheral edema subsided in all patients exhibiting it ivithin two iveeks 
after the initiation of amino acid therapy. 

5. Laboratoiy data accumulated during a preliminary period of observation 
and at the conclusion of a period of amino acid administration indicated an im- 
provement in glucose tolerance and in hippuric acid synthesis in all patients, 
and an improvement in bromsulfalein excretion in one patient. 

6. Further study and corroboration is needed to determine the degree of 
benefit obtainable bj’^ the use of amino acids in cirrhosis of the liver. 

IVe wish to thank Mr. Raymond L. Charles, chief technician, for his valuable assistance. 

The amino acids solution used for this investigation was Amino Acids Parenteral Stearns, 
supplied through the courtesy of Frederick Stearns & Company. Detroit, Mich. 
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LABORATORY METHODS 


QENERAL 


A STUDY OF THE PHENOMENON OF EEYTHROGYTB 
SEDIMENTATION'* 


II. The Establishjiext of a Reliable MEASUKraiEXT of the Phexomexox— 
Its Reproducibility axd Li.aiitatiox\s 


Roy E. Nichols, B.V.Sc., ]\I.Sc., Pii.D.,t Lafayette, Ixd. 


I N A PREVIOUS publication’ literary evidence of the source of my conception 
of the status of sedimentation was advanced. It early became evident that 
choice or development of a suitable techniipie for the measurement of sedimenta- 
tion would be a difficult task indeed since there were and still are in use a 
multiplicity of techniques, many quite difterent. 

The horse was chosen as the experimental subject since large samples of 
blood could be procured with ease and at fairly frequent intervals. Agglutina- 
tion of equine red cells and thus sedimentation are very rapid even in healthy 
subjects. Probably because of its natural rapidity, separation of equine cor- 
puscles seems somewhat more sensitive to such physiologic factors as fear and 
hard work and such technical factors as delay, degree of agitation, and anti- 
coagulation. It is felt that this greater sensitivity is a desirable quality because 
factoi's which are responsilile for variations in sedimentation are more easily 
discerned and their control is more clearly demonstrated. 

iilanj^ hundreds of tests were conducted comparing many different tech- 
niques and modifications of tecliniques until finally one was observed that would 
yield quite compai’able results upon repetition, and, since measurement was 
continuous, was thought to be reasonably complete. With the exception of a 
description of the technique finally obtained and the suggestion of a more prac- 
tical “field” technique, together with evidence of the reproducibility and limita- 
tions of each, inclusion of the various results of this labor hardly seems necessary 
here. 

EQUIPMENT 

For collecting bottles ordinarj’ % ounce homeopathic vials are measured and 
scratched at 5 e.e. and 10 c.c. levels. Corks are paraffined. The desired quantity 
of anticoagulant is added to each vial by first preparing a weak solution of 
the chosen anticoagulant, adding the volume necessary to each vial and allowing 
the water to evaporate in the incubator. For routine work a solution of 1.2 per 
cent ammonium oxalate and 0.8 per cent potassium oxalate is prepared in dis- 

•Froni a thesis presented in partial fuiaUnient of the re<juirements for the degree o£ 
Doctor of Philosophy in the Graduate School of the Ohio State University. June. 1941. 
fConiparative Physiologist, Department of A^eterinary Science, Purdue University. 
Received for publication, April 3, 1942. 
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tilled wiitoi'. OiU! eiibit; ci'iitimeler of this soliilioii wlu-ii eviij)oralucl leaves 12 
nig. of ainnioniiini o.xalate and S luj'. of iiola.ssiiini o.xalale and is suitahle foe 
10 e.o. of blood — O.i) e.e. of this solution for a e.e. of blood. An ample reserve 
of previou.sly jirepared vials is kejit on hand. 

A sharp eleaii dry la gau.ge 2 ineh hypodermie needle and a elean dry ":la.ss 
syringe of the eapaeity most suitable are usually employed. 

Pledgets and some suitable disinfeetant for preparing the area for veni- 
pnueture are neee.ssary. 

An ineubator regulated at body temperature is utilized. 

Wintrobe modified hematoerit tube.s- are employed routinely. 

For filling the tubes routinely IS gauge 41/. ineb spinal puneture needle.s, 
with round hubs and with the tip ground fiat, are used. All filling needle.s are 
fitted with rubber medieine dropper bulbs of fairly uniform eonsisteney and 
eapaeity. Sixteen gauge 6 ineh needles have been more reeently used. 



For shaking the blood sample previous to filling the Wintrobe tube a 
meelianical agitator driven by a variable speed motor has been made. The rack 
or holding the collecting vials is suspended from four 7% inch .sprino- steel 
arms. This rack is driven over a distance of % inch by a spring steel arm 
astened to the bottom of the rack and to a balanced eccentric at the end of a 
jackshaft. At present the speed of the motor is ad.jasted to move the rack an- 
Proxiinately 564 strokes per minute (Fig. 1). 

An automatic recording device employing continuous photography (re 

n« otT "“I-. He fact that cells cut out 

i.2.e of ” “ Wintfobo tube tvhile plasma does not. Au 

a„e of a very narrow vertical portion of a blood-filled tube is transferred h, 
a P ot.gf.pbic leus onto seusitued paper attached to a fevol dtum I 

settle out more of the sensitized paper is e.xposed. Re.sults with this m 
ParatiLs arc illustrated in Pig. 3. ' ' ^ 

Eastman P.:m.C. No. 1 normal bromide paper of sinHe ire: 1 1 • 
roiitniely. For developing and fixing solutions those used for Td^ '' 
work are very satisfactory. ^ ^ ^ oidinary x-ray 
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A millimeter rule aud a simple cardboard '‘trigonograph'' (Chemical 
Eubber Company) are of great assistance. 

The centrifuge employed is an International No. 1 type SB with a head that 
accommodates eiglit 15 c.c. conical centrifuge tube holders. The distance from 
the center of the shaft of the centrifuge to the center of each trunnion ring is 
3yo inches. The speed when the rheostat arm is set at mark “17” is approxi- 
mately 3,000 r.p.m. with 6 filled Wintrobe tubes. Eubber cushions cut from 
eorlcs are made for the bottom of the centrifuge tube holders. Side cushions are 
made from 3 inch lengths of % inch wall, % inch bore rubber tubing. 

A rack for placing tubes in a vertical position for the “field” technupie was 
made by machining parallel V-shaped grooves on the side of a brass casting. 
These grooves can be rendered perpendicular by adjustable legs, using as a 
guide a special plumb bob fastened to one end of the machined casting. The 
sides of the tubes are held against the sides of the Y-groove by spring brass clips 

(Pig. 2). 



Fis. 2. — Perpemlicular tube rack. 

DESCRIPTION OP TECHNIQUE 

When all minor details pertaining to equipment, restraint, disinfection of 
the area, etc., have been taken into consideration, the jugular vein of the animal 
chosen is raised by thumb pressure. As soon as the needle is in the vein, this 
pressure is completely released and, after a second’s hesitation to allow the 
establislunent of free flow in the vein, the desired quantity of blood is withdrawn 
into a syringe. After obtaining this desired quantity of blood in the syringe, the 
collecting vial (or vials as the ease may be) is immediately filled to the necessary 
mark, corked, and is thoroughly agitated immediately to mix the blood and 
anticoagulant. Of course, the sjuinge must be washed before clotting can take 
place. 

The collecting vial (or vials) is then placed in a quiet place until the cells 
have settled, which with horse blood usualty requires anywhere from five to 
twenty or twenty-five minutes. Next the vial (or vials) is placed in the mechan- 
ical shaker for fifteen minutes. While the shaker is still in motion, the cork 
is taken out, a quantity of blood is removed from the bottom of the vial by the 
filling needle and bulb, and a AVinti'obe tube is carefully filled to the “100 mm.” 
mark avoiding forceful filling and bubbles. The tube is then placed in the tube 
holder of the automatic recorder and the shutter is opened. Eecording is allowed 
to take place for whatever time the sample indicates— usually thirty minutes 
from the time of filling the tube. If settling is not fairly complete, a longer time 
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can be ehoseii Imt louliiiely tliis is rarely necessary. After ree()r(lInfe^ the same 
sample eaa be ecnlrifu 5 ,ma (about 3,000 r.p.m. per tliirty minutes), and the re- 
sults are either piioto-raplied on the same record or read off directly Irom tlie 

tube. ^ ■ I 

.\iter the picture is e.xposed, developed, and dry, measurements ot what- 
ever sort desired can be made. 



FiS. 3. — Exaniplea of results as obta!iie<l with the photographic sedimentation recorder. 

E.\amples 1 and 2 are results obtained by the photographic recorder, 
example 1 being labeled for explanatoiy purposes (Fig. 3) : 

DD' is the top of the dark heavy line and represents the bottom of the 
column of blood. The length of DD' (or AA') represents the time of exposure. 

AD represents the height of the column of blood (100 mm.) at the .start of 
the measurement when the cells are dispersed throughout the plasma. 

The dark area ABCA' represents the exposed area of the graph brought 
about by the increasing amount of light pa.ssing through the plasma as the cells 
settle out. 

The light area ABCD'D represents the unexposed area brought about by 
the presence of cells through which the light cannot pass. 

AB repre.sents the beginning and gi-adually accelerated descent of the line of 
demarcation between cells and plasma. 

BC represents the graduallj- retarded descent of the line of demarcation 
between the cells and plasma brought about by the gradually increasing effect 
of heaping of cells in the lower portion of the tube. 

B represents the theoretical point of change between the gradually ac- 
celerated descent (AB) and the gradually retarded descent (BC) of the line of 
demarcation between cells and plasma. 

Sigmoid curve ABC then represents a graphic record of the descent of the 
line of demarcation between cells and pla.sma for a given time. 

The small light horizontal lines in area ABCA' represent the millimeter 
divisions on the tube. 

The small vertical lines in area ABCA' occur at intervals of approximately 
1.02 minutes as the apparatus is now run. 
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The narrow dark vertical lines ijreecding; and following exposure of the 
sedimenting and centrifuged sample are made by slight exposure of the sensitized 
paper when the tube holder is empty. These are essentially not necessary but 
are handy. 

UW represents the height of the column of blood (100 mm.). 

UV represents the height of the column of plasma after centrifugation 
(volume percentage of plasma). 

VW represents the height of the column of cells after centrifugation 
(volume percentage of cells). 



To clarify some of the measurements made from the afore-mentioned photo- 
graphs the following graph of example 1 is presented in Pig. 4 : 

1. Line to-tp is located b 3 ' subtracting the time' of filling the tube from the 
time that the exposure is completed, multiplying by 3 (since 3 mm. are the 
equivalent of one minute on tlie photograph), and then laj-ing this distance oft' 
from A'D', the end of the exposure. Line tp-to then represents the time of 
filling of the tube. In some of these examples tp-tp is purposely quite a distance 
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ton, AD, thin to nnparntn t,,-.. , Al) make a etoref ttnDth. In pnactifc 
in anaaHv not mo. e than littean to thirty nccontln lfom AD. 

•2. Times (t) are measured in minutes trom as 
numbei-s representing the numher oi minutes from t.-t^ ( mm. o ioi- 

ilistanee equal one minute) . \ V' to curve \BC are measured 

3. Perpendieular distances (m) Irom line AA to tume 

in miiiimclann an m„ nv„ ami ate.. tl,e nnlmmnhcn, 

miaatc, from t.-t, that thono dintanoan are mca.nnrcd. m .n 

in Blling the tube to the MOO mm.” mark and by vanatmns ^ 

eeer, these are anually very small and van l,c aUorvod lor ' 

4, B’ is the entin,ated point of elm, me hetrveen the vert.eal demon ( AB of 

corve AB'O and the horlaontal Hesion (B'Cl. M itli care an , 

point ean be very aeeurately mliudsed, c-speeially ,t the eurve .s ^ 

I way that the eye ean follorv an imaginary tansenl to the ‘ 

enrve AB'C. Assistance in .iudging this point is also tiiinishe . PP . = 

5.°em t dm perpendicular distance from AA' to B'. This measurement is 

“'"fuS ufeTo;iSarS£ fJo'nfvU.o-B^Vided by 3 (stoee a hori- 
tontal distanee of 3 mm. on the photograph represents one mmnto) and eg- 

pre.s.sed as minutes. Ex.; 13. S minutes. .-r>,r< 

T. L is the least angle between the apparently steepest slope of curve AB G 
and m. This angle can he measured by lining up AD with one side of a ^ngono- 
graph and moving the free arm of the trigonograph until it lies tangent to the 
apparently steepest slope of eurve AB'C, this being verj c ose j re a e o e . 
side of B'. Considerable error ean he observed if the free arm of the trigonogx'aph 
is lined up with too great a distance on eurve AB'. Careful and close scanning 
will allow use of as little as 1 to 2 mm. on curve AB' as a tangent to the free 
arm. Ex.; 32° 20'. 

cm 

8. lem is an index calculated by the formula ; ^ g • 

Ex. : or 0.51. 

41.0 


If one-minute readings of the height of the colinnn of cell.s aie made, as foi 
instance in Ex. 1 ; 


to = 

100 

mm. 


= 

97 mm. 

tis 

71 mm. 

t. = 

100 

mm. 

t» 

= 

941 mm. 

t,T = 

671 mm. 

t, == 

100 

mm. 

tjo 


92 ram. 

t,s = 

64 mm. 

t> = 

100 

mm. 

tn 

= 

89 mm. 

tii ~ 

00 mm. 

t. = 

100 

mm. 

t|2 

= 

86 mm. 

til) ~ 

57 mm. 


100 

mm. 


= 

82.1 mm. 

til = 

55 mm. 

h = 

99 

mm. 

t» 


78 mm. 

ti2 = 

53 mm. 

t, = 

98 

mm. 


= 

741 mm. 

t» 

etc. 


and if these are subtracted from the height of the column of blood (usually 100 
mm.), values of ni will be; 


to = 0 mm. 

t. 


3 nira. 

tie — 

29 mm. 

ti = 0 ram. 

ta 


5.5 mm. 

tn = 

32.5 mm. 

t- = 0 ram. 

tio 

= 

8 mm. 

tn — 

36 mm. 

t, = 0 mm. 

t»i 


11 mm. 

tj> ^ 

40 mm. 

t* = 0 mm.- 

t« 

=r 

14 mni. 

tjj ~ 

43 mm. 

tj = 0 mm. 

tl3 


17.5 mm. 

t-i = 

45 mm. 

= 1 mm. 

t» 

=: 

22 mm. 


47 mm. 

t. r= 2 mra. 

tjl 


25,5 mm. 

Q 

etc. 
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To continue the definitions : 


9. Ml is the maximum difference in millimetei’s between any two consecu- 
tive minute readings of m. In tlie above example, 4^ mm. 

10. tjj- symbolizes the times in minutes from to-to between which Mj oc- 

cui’s. In the above example, thirteen to fourteen minutes. 

11. Ij[- represents an index range calculated by dividing the values of m 


between which j\Ii occurs bj”^ their corresponding times multiplied by 3, since 3 
mm. is the ecpiivalent of one minute. Ex. : ^ or 0.45 - 0.52. 

tJ»J *Xw 


12. Z^j- is measured bj- calculating on the trigonograph the angle opposite 

the horizontal side of a right triangle having Mj as the perpendicular side and 
3 mm. (one minute) as the horizontal side. Ex.; 33° 55'. 


13. is the maximum difference in millimeters between anj’- two consecu- 
tive five-minute readings of m starting at t^-to; i.e., the maximum five-minute 
fall of the line of demarcation between cells and plasma. Ex. : 17.5 mm. 

14. tjj- symbolizes the times in minutes from to-tp between which M^ oc- 
curs. Ex. : ten to fifteen minutes, fifteen to twenty minutes. 

15. Ij£ represents an index range calculated by dividing the values of m 
between which ill- occurs by their corresponding times multiplied by 3, since 
3 mm. are the equivalent of one minute. Ex.: 0.27 to 0.47, 0.57 to 0.72. 

16. Z^£^ is equivalent to the angle opposite the horizontal side of a right 

triangle having M. as the perpendicular side and 15 mm. (five minutes) as the 
horizontal side. Ex. : 40° 40'. 

If readings are made of m every five minutes, starting at times other than 
tfl-to, we find differences in Mj, , and Z:\£ ; 


Time 





to-5 

17J 

mm. 

flo-20 

120-25 

min. 

min. 

lO.lS-0.13 

10.43-0.57 

o 

o 

O 

V, 

IS 

mm. 

15-20 

min. 

0.24-0.48 

40° 

h-3 

ISt 

mm. 

15-20 

min. 

0.31-0.54 

39° 10' 

to,3 

ISA 

mm. 

15-20 

min. 

0.39-0.5 

39° 10' 

tg-l 

IS 

mm. 

15-20 

min. 

0.49-0.67 

40° 

4- 

17i 

mm. 

110-15 

min. 

10.27-0.57 

40° 40' 




} 15-20 

min. 

(0.57-0.72 



IS 

mm. 

10-15 

min. 

0.37-0.64 

40° 

^0+2 

iSi 

mm. 

10-15 

min. 

0.47-0.72 

39° 10' 

t^O+3 

ISA 

mm. 

10-15 

min. 

0.5S-0.S0 

39° 10' 

to+4 

18 

mm. 

10-15 

min. 

0.73-0.S9 

40° 


17J 

mm. 

1 5-10 

min. 

10.53-0.S5 

o 

0 

o 

lo+s 



110-15 

min. 

(0.85-0.96 



To continue the definitions : 

17. GMg is the largest maximum difference in millimeters between any two 
consecutive five-minute readings of m beginning anywhere between tp^g and to+s- 
Ex. : ISYs mm. 

IS. SMg is the smallest maximum difference in millimeters between any two 
consecutive five-minute readings of m beginning an 3 -where between and tp^g. 
Ex. : 17% mm. 
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19. reprc.seiit.s the tiine.s in minnte.s ijotweeii wiiicli GMj oecur.s. Lx.: 
10-15 and 15-20 min. 

20. tc-jj repre-sent.s the tiine.s in minnte.s iietween which occurs. Ex.; 
10-15 and 15-20 min. 

21. Iqjj repre-scnts an index range calculated by dividing the values of m 

between which Oil. occurs by tlieir corresponding times multiplied by 3, since 
3 mm. are ecptivalent to one minute. Ex. : 0.31 to O.S. 

22. represents an index range calculated by dividing the values of 

m between which Sllj occurs by tlieir corresponding times multiplied by 3, since 
3 mm. are equivalent to one minute. Ex. : 0.27 to 0.72. 

23. is tiie angle opposite tiie horizontal side of a right triangle 

having Gl[. as the perpendicular side and 15 mm. (five minutes) as the hori- 
zontal side. Ex. : 39° 10'. 

24. is the angle opposite the horizontal side of a right triangle having 
SIL as the perpendicular side and 15 mm. as the horizontal side. Ex. : 40° 40'. 

25. II. is the mean of the il- calculations from ty-to-i. 18-1 mm. 

26. is the angle opposite the horizontal side of a right triangle having 

lls as the perpendicular side and 15 mm. (five minutes) as the horizontal side. 

E.X.; 39° 50'. 

27. V% is the centrifuged volume per cent of cellular material. 

A chart of measurements of c.xamples can now be presented; 


Ex. 1. 
E.X. 2. 


V% 

em 

^em 

T 

^rtn 

3(1- 

21 mni. 

IZ.H min. 

0.51 

311 

34 ram. 

10.0 min- 

1.10 


;} 9 ° 20 ' 
18° 10' 


Ex. 1. 

Ex. 2. 

ill 

4..5 ram. 

9 mm. 

hi. 

13-14 min. 

9-10 rain. 

0.45-0.52 

0.93-1.13 

33° 50' 
18° 20' 

Ex. 1. 

Ex. 2. 

17..5 ram. 

31 mm. 

til. 

(10-15 min. 
115-20 min. 

5-10 min. 

"il. 

(0.27-0.57 

10.57-0.72 

0.20-1.13 

40° 40' 

26° 00' 

Ex. 1. 

Ex. 2. 

GH, 

18.5 mm. 

34 mm. 

‘^GM. 

(10-15 min. 
115-20 min. 

( 5-10 min. 

1 10-15 min. 

^GAI. 

0.31-0.80 

0.23-1.57 

^ GM:. 
39° 10' 

24° 10' 

E.X. 1. 

Ex. 2. 

SAIj 

17.5 mm. 

29 mm. 

(10-15 min. 

1 15-20 min. 

( 5-10 min. 

1 10-15 min. 

^Sil. 

(0.27-0.57 

10.57-0.72 

0.83-1.80 

40° 40' 

27° 30' 

Ex. 1. 

Ex. 2. 

18.1 

32.0 

/a — . 

^ il. 

39° 50' 

25° 20' 
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CO.IJPARISONS 

Several features of the foregoing measurements of examples are quite 
noticeable ; 

1. Estimations of em are in all probability quite accurate because tm in 

each case lies between the limits of t^j and also and tgj|- . 

2. Since the above is true, calculations of lem are expected to lie and lie with- 
in the ranges of Ijj; , , Iqjj; , and 

3. The nearer to„ approaches either of the limits of tjj- , etc., the closer 
Icm approaches the corresponding limit of Ijj , etc. Such w'ould be expected. 

4. Z®g are less than . nnd and upon exam- 

ination of Fig. 5 rightfully should be. 

When one considers that B' represents in rcalit.y not a point on a straiglit 
line between A and C, but the point of change of a shallow sigmoid curve between 
A and G, then one wdll realize that the least angle between curve AB' and a per- 
pendicular line from B' to AA' will be less than angle ACA'. This also applies 
to estimates of angles derived from GM^, SM.-,, and Mj. On first thought 
one would say then that the nearer the angles estimated from the differences 
between interval readings of m approach Z®g, the more accurate they are. One 
might also say that the longer the interval between readings of m, the more 
deceiving will be the plotted curve and the more inaccurate the estimation of 
angles, maximum falls, indexes, etc. 

Since smaller measurements are generally accompanied b 3 ' larger possible 
errors, is thought to be accompanied by greater possible error than measure- 
ments of Mj. To illustrate this, consider the effect on and M, that a fifteen- 
second variation in t,, will cause. Fifteen seconds is % of one minute but only 
Yoo of five minutes. Also eonsider the effect on jNE and that 0.5 mm. varia- 
tion wall cause. In example 1, 0.5 mm. is % of 4.5 mm. but onlj’' of 17.5 
mm. Is it unreasonable to assume then that is subject to greater variations 
than M 5 and tj^j^ in actual measurement? Also is it unreasonable to assume that 
errors in measurement of will produce greater error in estimation of 
than error in measurement of Mj will produce error in estimation of ? 
Is it correct to assume then that, although and Zqjj- more closelj" ap- 
proach Zg, they are more susceptible to error as estimates of Z„ than Z^j- ? In 
final analysis Z is not derived from the maximum five-minute falls where 

measurement is started at to but at times other than to, sometimes even at to^^. 
The same applies to Z®gj£^ and Z®^^ . Their proximity to Z^ does not neces- 
sarily denote the degree of their accuracy. 

Would it be in error to assmne that if measurements of and Z®j^j on 

replicate aliquots are possible with a fair degree of accuracy these would 
at least roughly represent the separation of formed and fluid elements of the 

blood? 



1419 



yjg. 5 ._Ex. 1 of Fig. 3 — graph of area near B' (enlarged). 

However with practitiouevs, simplicity of technique is the kej-note and often 
a certain degree of accuracy must he sacrificed for practicability. In view of 
this a more practical technique is devised, results of which wiU be reported in 
many instances along with results of the photographic technique and in many 
instances alone. 
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With this more practical “field” technique the blood sample can be dra^yll 
and divided in the same manner as described under the photographic technique. 
The vials are allowed to remain at room temperature until settled, are agitated 
as before, and the Wintrobe tubes are filled as previously desci-ibed. However, 






Fig. 6. — Evidence of the reproducibility of sedimentation curves as obtained from five aliquots 

of the same sample of blood, 

instead of being put into the photograpliic recorder eaeli tube is placed into the 
perpendicular slots of the previously described rack, and tlie line of demarcation 
between cells and plasma read five minutes after filling and at five-minute in- 
tervals thereafter until maximum settling is passed. The greatest difference in 
millimeters between any two consecutive five-minute readings is recorded, 

and Z-ir are determined. These three measurements can be considered as locat- 
ors 
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ing quite roughly, to he .sure, tlie point oC change Iictwecn inerea.sing and 
decreasing rate of descent of the line of demarcation between cells and plasma 

and the speed of separation. 


lUa'RODL’CIIULITV 


Now it seems logical to test whether several alicpiots of the same sample 
of blood will yield comparable results. 

The reproducibility of the photographic technifiue is demonstrated by Fig. 
6, repre.senting curves of sedimentation in Wintrobe tubes filled from five 10 
e.e. aliquots of the same sample of blood. Data from tbese are as follows: 


Ex. Xo. 

em 

I .III 

l.ni 

z% 

V% 

1 

29 mm. 

9.2 min. 

1.05 

22° 50' 

35.3 

o 

29 mm. 

10.0 min. 

0.97 

22° 10' 

35.3 

3 

29 mm. 

9.0 min. 

1.07 

22° 30' 

35.5 

4 

30 mm. 

9.2 min. 

1.09 

22° 00' 

36 

0 

30 mm. 

10.0 min. 

1.0 

21° 30' 

35.7 

Mean 

29.4 mm. 

9.4S min. 


22® 24' 

35.6 

Ex. No. 


t 




1 

27 mm. 

5-10 

min. 

0.53-1.17 

29° 30' 

2 

23 ram. 

5-10 

min. 

0.47-1.07 

31° 20' 

3 

27 mm. 

5-10 

min. 

0.67-1.23 

29° 30' 

4 

2S mm. 

5-10 

min. 

0.47-1.17 

28° 30' 

5 

27 mm. 

5-10 

min. 

0.27-1.03 

29° 30' 

ilean 

20.8 mm. 

5-10 

min. 


30° 04' 

Since the determinants of Icm are 

em and tem, 

lem is thought superfluous. 


In addition lem may be deceiving, since it expresses a ratio and could represent 
other values of em and ton, than those actually measured; for instance, an lem 
of 1.0 might represent, as in Ex. 5, an em of 30 mm. and a tem of ten minutes 
(30 mm.), but it might also represent an em of 15 mm. and a tem of five minutes 
(15 mm.) or any other combination where em in millimeters is equal to tem in 
millimeters. For this reason its use is dropped. Since I merely places 

rough limits to lem, it too is dropped. An index of maximum “rise” (“fall” in 
this means of expression) over “run,” which has been employed extensively in 
human techniques, has been neglected in this work chiefly because in reality 

is identical with this index. Since Zg is felt to represent more accurately the 
actual “speed” of settling and since Z- is best measured and expressed in terms 
of degrees and fractions thereof, for comparative purposes “speed” in the 
“field” technique is designated in this same terminologj^, keeping in mind of 
course, that Zg must be less than Z^j . ’ 

Agreement in repetition of the “field” technique can be demonstrated by the 
following examples derived from measurements with IVintrobe tubes filled from 
five 10 e.c. aliquots of the same sample of blood: 


Aliquot No. 

1 

2 

3 

4 

5 




^Ms 

24 mm. 

15-20 min. 

32° 20 

23 mm. 

15-20 min. 

33° 30 

24 mm. 

15-20 min. 

32° 20 

25 mm. 

15-20 min. 

31° 20 

25 mm. 

15-20 min. 

31° 20 


V% 

34.5 

34.5+ 

35.0- 

34.0+ 

34.5+ 
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Occasionally one will observe very close figures of Jlj, > and V%, but 
will vary as in this example: 


Aliquot No. 

AIj. 

^AI, 


v% 

1 

19 mm. 

15-20 min. 

38° 50' 

41.0 

2 

20 mm. 

15-20 min. 

37° 20' 

41.0- 

3 

19 mm. 

20-25 min. 

38° 50' 

41.04 

4 

18 mm. 

20-25 min. 

40° 30' 

41.0- 

S 

IS mm. 

20-25 min. 

40° 30’ 

41.04 


This is not thought to be a serious error and the apparent reasons for sneh 
will he discussed in a future article under the heading of agitation. Further 
evidence of the reproducibility of the “field” technique will be observed as one 
continues through the remainder of this series. 

In the next two publications of this series technical sources of valuation will 
be demonstrated and discussed. 


REFERENCES 

1. Nichols, B. B.: A Study of tlie Piienomenon of Erythrocyte Sedimentation. 1. A Critical 

Survey of Literature, J. Lab. & Ctix. AIed. 27; 1317, 3942. 

2. tVintrobe, AI. AI,: Alacroscopie Examination of tlie Blood. l>iscu.«sion of Its Value and 

Description of tlie Use of a Single Instrument for tlie Determination of Sedimenta- 
tion Rate, Volume Percentage of Packed Cells, Leucocytes and Platelets, and of the 
Icterus Index, Am. J. At. Se, 185: 58, 3933. 

3. Nichols, B. E.: A New Instrument for Automatically Recording the Erythrocj’te Sedi- 

mentation Bate and the Volume Percentage of Cells and Plasma Upon a Single 
Permanent Becord, J. L.cb. & Cmx. AIed. 24: 031, 3939. 


OBJECTIVE METHOD FOR DEMONSTRATION OP LOCAL RIGIDITY 
OF THE ABDOMINAL AVALL^ 


Alex-ander B.vron, 5I.D., and Julius G. Baron, M.D. 
Chicago, III. 


L ocal rigidity of the abdominal wall is a well-lctiowii symptom of some ab- 
domiual diseases. This phenomenon is commonly thought to be due to the 
increase in tension of some abdominal muscles and is detected by comparative 
palpation of symmetrical parts of the abdominal wall. However, the tactile 
sense is not reliable; even experienced observers in palpating the abdominal 
wall may get contradictory’- resnlts. The assumption that local rigidity is caused 
by differences between tensions of both sides of tlie abdominal wall lias been 
challenged by Vaughan.^ According to him, such differences can be observed 
only if the two parts are palpated one after the other. Vaughan asserts that 
palpation of the diseased side elicits a contraction of the abdominal muscles and 
this contraction occurs equally on both sides. Thus, if both sides are being 
palpated simultaneously by both hands, there is no difference observed except in 
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.he p..ese,»c oE a palpable ,„aa,s .be airee.cl aide. W,-,,,- .• ' 

.Jrreaee of .lillerepeea be.wee,, .be .ep.,l„.,» oE .be t.vo a.dea oE ■ ^ 

„all. Howeve.-, at leaa. Ibe poaaibili.y of a„eb d.lle.epeea ,a ' ^ 

example oE .be diapbrah-.a. lu i.dla.nn.atory eoud.t.o.ia oE be 
.he Icsio.. is eloae to o.ie aide o£ the diapbtasm, .m.nobiliaat.o.. oE ^ ” 
the diaphragm in high poaitioii eau often be observed by lluoroseopy. 1 uit . 
ill eases of aeiite appe.ulieitis, Sale^ fou.icl that the right diaphragm ^vas, as 

rule, flatter than the left. _ 

To eoiiipare the resistanee of symmetrical parts of the abdominal ^vall in an 
ohjeclive maimer, equal forces acting in .symmetrical directions and upon equa 
areas should be applied, and the depth of the depressions measured Ilowever, 
the movements of the abdominal wall during breathing interfere with the mak- 
ing of such measurements. Evidently the measurements should be made m a 
respiratory pause and on both sides in the same phase of respiration. Kelley 
described an apparatus which he used to make such ineasui enients. o\\ me, 
Kelley’s method the direction of the force cannot be established accurate y, aiu 
. no provisions are set forth for making the measurements in the same respira oij 
phase. "Wrork^ made similar measurements in normal and pathologic cases wi i 
an apparatus in which a pair of weights are used to exeit forces upon .syiu 
metrical parts of the abdominal wall. The whole apparatus rests on the ab- 
dominal wall. As the result of his measurements, Wrork makes the statement 
that no differences between the tensions of the two sides of the abdominal wall 
oceui*. However, if the forces exerted by the cylindrical weights are to be 
definite, the longitudinal axes of the weights must be kept exactly vertical. 
Wrork sets the crossbar of the apparatus in a horizontal position. But the posi- 
tion of the whole apparatns is subject to changes caused by the re.spiratory 
movements of the abdominal wall because it seems hardly possible that the sub- 
ject could hold his breath during the Avhole time of setting the apparatns by a 
spirit level and making the measurements. Thus Wrork s measurements do not 
seem to prove his assertion that no differences occur between the tensions of the 
two sides of the abdominal wall. 

To demonstrate local rigidities of the abdominal wall in an objective way a 
new method has been developed which is based upon the detection of differences 
between the respiratory movements of symmetrical parts of the abdominal wall. 
In this way, instead of being a disturbing factor, the respiratory displacement 
of the abdominal wall becomes the object of the measurement. In other words, 
in making the measurements the force originating from the contraction of the 
diaphragm is used rather than external forces. The contracting diaphragm acts 
like a piston producing compression, thus increasing the intra-abdominal pres- 
sure during inspiration. If the subject is in an exactly horizontal supine posi- 
tion, the pressnre forces acting upon equal areas of .symmetrical parts of the 
abdominal wall are equal and of symmetrical direction. The following discus- 
sion shows, namely, that the abdominal cavity can be considered as a closed con- 
tainer filled with a liquid, and that the conditions of equilibrium of this cavity 
and the pressure forces acting upon its surface are subject to the laws of hydro- 
statics. 
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VALIDITY OP TUB LAW OP PASCAL FOR THE ABDOJIINAL CAVITY 

The law of Pascal states that if ojil5'' surface forces are acting upon a liquid, 
the pressure is the same at every point and in every direction. True, the con- 
tents of the abdominal cavity are solids. However, a solid body which does not 
resist bending and is not acted upon by tensile forces behaves statically like a 
liquid and ohej's Pascal’s law. This is true for a considerable part of the ab- 
domuial organs (stomach, intestines, iieritoneal folds) which, when put into an 
open container, assume its form and present a horizontal surface. The other 
group of the abdominal organs are solids in every respect and, therefore, do not 
obey the laws of hydrostatics in their interior. Their presence, however, does 
not affect the validitj-' of the law of Pascal for tlie abdominal cavity just as the 
presence of solid bodies would be of no consequence upon the validit}’’ of the 
same law for a real fluid. Upon the contents of the abdominal cavity, in addi- 
tion to surface forces originating from the tension of the abdominal walls, a 
mass force — gravity — is acting. The effect of tlie latter is shown by pressure 
differences between various levels of the eavitj', all points of the same level hav- 
ing the same pressure. Since differences in specific gravity of the solid organs 
and of their surroundings are negligible, these organs float freely, hindered in 
their movements only by peritoneal bands. Under ordinary conditions the bands 
are loose and the solid organs are acted upon solely bj" the intra-abdoniinal pres- 
sure. Naturally, these bodies establish equilibrium by e.verting exactly the same 
pressure on their surroundings. Thus, whether or not the abdominal walls are 
in direct contact with solid ovgans, no forces other than originating from the 
abdominal pressure are acting on their internal surface. There are only two 
exceptions: First, the anterior and posterior abdominal walls may be forced 
apart by a solid organ during the whole period of respiration or, more often, 
during deep expiration only. In this case a local increase in pre.ssure will result 
while the organ itself undergoes elastic deformation. The other exception con- 
cerns gas-filled intestinal loops. Such a loop has a mean specific gravity con- 
siderably less than that of its surroundings, and thus it is acted upon by a 
buoyant force. Hence the loop tends to occupy the highest possible position, 
either stretching the corresponding bands, or protruding the abdominal wall. 
With these two exceptions, which will be discussed later, the equilibrium posi- 
tions of the different parts of the abdominal wall in a given position of the 
subject are determined by the elastic properties of this wall and by the intra- 
abdominal pressure. They are not influenced by the position of the abdominal 
organs, such as adjacenc5’' to the abdominal wall. The slow respiratory move- 
ments of the abdominal wall can be considered as consisting of a continuous 
series of equilibrium positions. Thus, with the subject in an exactly horizontal 
supine position, simultaneous respiratory amplitudes of symmetrical parts of 
the abdominal wall must be equal if the structures of the two sides of the ab- 
dominal wall are in every respect alike. On the other hand, any unilateral 
change may create a difference between simultaneous respiratory amplitudes of 
the two sides. 
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AKKAIJATI.'S KOK TIIK OliSKUVATION* OK DlKKliKKNCE-S llETWEEN 
ia>;l‘ll!A'r01£Y AAIKI.rrUDE.S 


Tlie method to be ile.sei'ibed involves tlie use of an apparatus soniewliat 
reseiiibling a lar^e ealiper. It lias two aluininum legs (about 15 cm. long) con- 
nected at the top by a nearly frictionless hinge wliich allows them to move 
freely in only one plane. The length of the legs can be increased to about 30 cm. 
by Screwing on o.xtensions. The end of the legs and of the extensions are pointed. 
A sharp-pointed steel index rod, about 2 cm. long, is attached to the hinge per- 
pendicularly to the plane of the legs. The weight of the apparatus with exten- 
sions is 40 Gm. For the examination the subject is placed in a i-eclining posi- 
tion so that his frontal plane is horizontal, the knees being slightly bent and 
supported by pillows. The parts to be compared are covered by small pieces of 



Fig. 1. 


adhesive tape and the points of the legs are placed thereon. To the table on 
which the subject is lying a glass plate, 8 by 20 cm., with reference line in the 
middle, is attached in such a way that the line is vertical. The instrument is 
then leaned against the plate, the point of the index rod near the reference line 
(Fig. 1). The angle between the plate and the plane of the legs should be about 
10°, and .symmetrical points of the legs should be at equal distance from the 
gla.ss plate. If the distance between the points examined is abovrt 6 to 7 cm. 
then the shorter legs should be used; if the distance is about 12 to 15 cm. the 
extensions are required ; the angle between the two legs should be approximately 
25°. There is little friction between the glass plate and the index point because 
the weight of the instrument has only a small component perpendicular to the 
glass plate. During breathing the point of the index rod moves along the o-lass 
plate. If the points of the legs are moved through the same distance along%er- 
tical lines, then the point of the index rod will also describe a vertical line° On 
the other hand, if the respiratory amplitudes of the points compared are not the 
same, the point of the index rod will shift to the one side or the other. There- 
fore, such a lateral shift signifies an existuig difference between the tensions of 
the two sides of the abdominal wall. In reality the various parts of the ab- 
dominal wall move during respiration laterally as well as vertically. However 



1426 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


these lateral displacements are small compared to the vertical ones, and thus, as 
a simple geometrical construction shows, only the Amrtieal differences need be 
considered. 

The examination can be made most convenient!}' when the breathing is 
purely abdominal and the movements of the abdominal wall are not too small. 
Most of the subjects may easily be induced to breathe in this manner, particu- 
larly so if they are told to breathe with an open mouth. But whatever the type 
of breathing may be, if the movements of the abdominal wall are large enough, 
the examination gives clear-cut results. If the intra-abdominal pressure in- 
creases, that is, if the abdominal wall moves outward, the index point moves to- 
ward the more tense side; if the intra-abdominal pressure decreases, that is, if 
the abdominal wall moves inward, the shift of the point is to the less tense side; 
and no sidewise shift signifies the absence of a difference in tension. Since the 
difference between the respiratory amijlitudes changes -with various depths of 
breathing, one should observe the angle between the vertical and the line de- 
scribed by the index point rather than the laf^-al shift of the index point. Other 
things being equal, the greater this angle, the greater the difference of tensions 
of the two sides. A graph of the path of the* index point is recorded on the glass 
plate if it is coated by lampblack. In ca.ses showing differences in tension of 
the two sides, this curve usually consists of three parts: a lower vertical part, 
corresponding to deep expiration ; a slightly S-shaped part which makes an angle 
with the A'ertical, and corresponds to the middle phase of respiration; and an 
upper vertical part, corresponding to deep inspiration. Experiments made with 
an unevenly stretched rubber meinbrane showed that an inanimate structure can 
behave similarly. If the anterior and posterior abdominal walls are forced 
apai't b}' a solid organ, the corresponding part of the anterior abdominal wall 
will not move during respiration. In protrusion of one side of the abdominal 
wall caused by a gas-filled intestinal loop, the difference in level of the two sides 
is diminished both in deep inspiration and in deep exi^iration. Thus the index 
point will describe a shallow C-shaped curve open to the protruded side. In 
practical work it is not necessary to record the curve traced by the point of the 
caliper. It is easy to recognize the shape of the curve and to estimate the angle 
formed by the middle portion of the curve and the vertical line with sufficient 
accuracy. 

Table I 




DEVIATION 



UPPER RECTUS 

I.OWER RECTUS 

LATERAL 

1 

- 

+ Iv 

+ L 

2 

- 

+ L, 

+ + L 

3 

- 

■{- + L 

+ Iy 

4 

+ R 

+ L 

+ L 

5 

+ L 

- 

1 _ 

6 

+ B 


+ L 


+ = Slight deviation (up to 15°). 

+ + = Marked deviation (between 15° and 30°). 
R = to right. L = to left. 


Fifty male college students, apparently in good health, were examined by 
the method described. The subject was placed on a table so that his frontal 
plane was exactly horizontal. Three pairs of symmetrical points of the ab- 
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ObservaHons were also ma n in . . ■ 

plaints. Devtafons greater tliai la ( > « 
appendicitis, cholecystitis, duodenal > 

conditions of the gastroiiitestinal tract. 



D 


These findings were not always in accordance with palpatory ^togs. • 
is probably due to the fact that an increase of tension on the side of the pat - 
gic condition may he elicited by palpation itself. Though the observations ma e 
ill pathologic cases seem to show that the caliper method may have defmite 
clinical value, more extensive observations must be made before the practical 
importance of this method can be properly established. 


C03I3IEXT 


Obviously, the observed differences between the respkatory amplitudes of 
symmetrical parts of the abdominal wall are caused by differences between the 
structures of the two sides of this wall. These differences may be persistent, 
either acquired or congenital. iMore interesting from the standpoint of ab- 
dominal pathology are the more or less transitory differences caused by uni- 
lateral changes in tone® of the muscles of the abdominal wall. If the tone of one 
of the rectus muscles increases, the tension on the same side becomes gi-eater and 


•The lone of a muscle is con.sidered to depend upon the percentage of the fibers which 
•ire in a .state ot contraction. If the muscle tone is kept constant, then in a given muscle the 
Icn.iion (which is a purely physical conception) is exactly determined by the length of the 
muscle. 
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the respiratoiy ainiilitucle of every point of this side is smaller than that of the 
eorresponding points of the other side. If the tone of the lateral muscles 
(transversus and obliqui) of one .side increases, an increase of the tension of 
both sides results. However, the following example shows that the tension of 
the side having the greater tone will be larger. If t^vo strings AB and CD are 
tied together at 0 and .stretched in directions, as .shown in Fig. 2, the tension 
along AO will be greater than along BO because 0 is pulled toward B by COD. 
Thus a difference of teiisioji is pi-esent between two parts of a straight string. 
In the same waj”^ different tensions may be present at vaiuous points of the 
stretched abdominal wall or in various directions about a single point. The 
difference between the respiratory amplitude of the upper parts of the right 
and left rectus muscles and the difference between the respiratoi'y amplitude of 
the lower parts can have opposite signs (Ca.ses 4 and 6. Table I) only if the 
tensions in various segments of the rectus muscle are different. The fact that a 
major portion of the muscle fibers originates or ends at the tendinous intersec- 
tions of this muscle makes it po.s.«ible that considerable differences in tone he 
present at the two sides of .such an intersection. An increase in tone of a certain 
part of the rectus muscle causes tlie interior point.': of this muscle to move in the 
dii'ectioii of this part. In this way the fibers of the lateral muscles are pulled 
out of position and, therefore, exert an oblique pull on the part of the rectus 
muscle which increased its tone. A difference between the tensions of parts of 
the rectus muscle will thus result. 

sujmrARv 

The amplitudes of the respiratory movements of the abdominal wall depend 
— other things being equal — upon the tension of this wall. By comparing the 
respiratory amplitudes of symmetrical parts of the abdominal wall while the 
subject is in an exactly horizontal position, differences between the tensions of 
the two sides can be demonstrated in an objective manner by using a caliper- 
like instrument. No significant differences between the tensions of the two sides 
were observed in 44 out of 50 healthy subjects. In the remaining 6 cases there 
were mai’ked differences. Differences of a still greater magnitude were observed 
in various pathologic conditions of the abdominal organs. These observations 
seem to prove the reality of the palpatory findings of local rigidities of the 
abdominal wall. 
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RUBBER PERINEU5I* 


Arthur C. Stirling, Rochester, N. Y. 


F or the medical student, when lie readies his course in obstetrics, few new 
experiences offer so much confusion as when he is first called upon to repair 
a perineal tear or an episiotomy following a delivery. This is so due to the 
considerable distortion of structures and the abundance of blood in the field. 

It is of value for the student to know how to do this relatively simple and 
common operation before he actually iiraetices upon a patient ; the patient profits 
in his knowing by having a more comfortable and a more perfect repair; the 
instructor profits by sa\ing of time and dispo.sition at the time of the student s 
first attempt on a patient; and the student profits by a sense of knowiedge and 
pride in his exactness of technique. Heretofore, to mj^ knowledge, there haxe 
been no methods to facilitate the instruction and the practice of this operative 
procedure other than on the patient. 

The device described and illustrated here is of simple construction, is durable 
enough for about twenty-fiv’e practice trials, and may be easily renewed. The 
student who is quick to learn a new technique can learn to repair an episiotomy 
in three trials. The method of repair employed will differ with the medical 
school or vsith the individual giving the mstructions. It is believed that most 
ordinary methods may be demonstrated accurately and practiced on this model. 
The main purpose of the device is to teach the student how^ to lay the sutures 
in reference to mucosa, and deep and cutaneous tissues, in order to attain a cer- 
tain degree of perfection before actually repairing a patient. 

The essential feature of the device consists of an air foam type of sponge 
rubber of such a size that an incision simidating an episiotomy may be made 
across one edge. The consistency is such that the usual curved round surgical 
needle may be used without tearing the rubber. An oblong piece of bath sponge 
purchased for ten cents may be cut into two suitable pieces. The sponge is held 
firmly to a formed base by a system of prongs and spring arms. The base may 
be made of wood or cast iron with a thin rubber base to prevent slipping on the 
table top. The spring arms also serve to separate the edges of the incision, 
exposing what may be termed the “deeper fascial layers” — thus permitting the 
student to lay deep figure-of-eight or single interrupted sutures. When worn, 
the sponge may be easily replaced. There is also mounted on the base an upright 
peg for holding a spool of moderately heav'y cotton thread v\ith which the repair 
is made. 

It has been found satisfactory to use a Bartlet Mayo tapered point curved 
needle. The needle holder may be a discarded one from the operating room or 

•From Department of Obstetrics and Gynecology, Strong Memorial Hospital, Rochester. 
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any suitable clamp. A pair of scissors or a razor blade completes tlie essential 
equipment. With this device one may place sutures simulating deep, mucosal, 
and subcutaneous stitches witli accuracy. By replacing the episiotomy sponge 
with one in which a simple linear incision has been made, the student may prac- 
tice ordinaiy skin closures. 




A. 


Fis 


S’. 2, — ^Rubber perineun^ Photographs illustrating tlie laying of sutures in tlie vaginal 
mucosa, deep structures, anu Anally the subcutaneous tissues in the repair of a medial epi* 
siotoniy. Mediolateral episiotomies and tears ax*e very similarly repaired. 


Eegardless of the amount of material available, this rubber perineum will 
be of great assistance to the student befoi-e he actually attempts a repair on a 
patient. 

Acknowledgment to F. F. Baker, and Jane Stirling for the photographs. 



A METHOD FOR EXFOSING CUDTURKS TO CARBON DIOXIDE OR 
ANAEROBIC ATHOSl’IIEREB IN PETRI DISHES" 


Edwaud J. Foi.kv, Notkk Damk, Ind. 


T he uetessity ol’ incubating a few Petri dish cultures under anaerobic con- 
ditions or under carbon dioxide tension frequently arises in most bacteriologic 
laboratories. The need for individual units has been recognized for many year.s, 
and two devices of particular merit have been described — the ilcLeod apparatus^ 
and the Spray dish.- Both take advantage of the principle of absorption of 
o-vygeu by mixtures of alkali and pyrogallic aeid. Two compartments are pro- 
vided in the bottom chamber by means of a built-in barrier, and alkali and 
pyrogallic acid are placed in the separate compartments. The half of the Petri 
dish which contains the inoculated agar medium is inverted over the bottom 
chamber, and the joints are sealed. After sealing, the dish is tipped, effecting 
a mixture of the solutions. 


The Spray dish has iieen used successfully for grooving cultures in carbon 
dioxide atmo.spheres produced by mixing sulfuric acid and potassium or sodium 
bicarbonate by Jojmer and Jones.'* 

We have found that the Spray dish technique for anaerobic or carbon di- 
oxide cultivations can be made without the use of specially designed apparatus. 
The only materials required, in addition to the reagents, are modeling clay and 
100 by 15 mm. and 75 by 10 mm. Petri dishes. 

Anaerobic cultures are prepared as follows: A rather generous roll of 
modeling clay is fashioned and placed over the lip of the bottom half of a 100 
by 15 mm. Petri dish. A shallow bottom half of a 75 by 10 mm. Petri dish is 
selected and placed open side up in the larger dish. Four cubic centimeters of a 
20 per cent solution of pyi-ogallie acid solution are run into the bottom of the 
large dish and 5 c.c. of a 20 per cent sodium hydroxide solution (or 7 e.c. of a 
20 per cent sodium carbonate) into the small one. The culture is made in a 
100 by 15 mm. Petri dish by pouring inoculated cool agar, or by streakin" a 
hardened agar plate followed by pouring a shallow layer of cooled agar over the 
surface. The tendency of colonies to coalesce is reduced in such cultures. After 
the medium has hardened, the half containing the culture is inverted and pressed 
down firmly into the clay roll. Complete sealing is achieved by flattening the 
excess remaining on the outside .surfaces where the lips of the plates approx- 
imate. The reagents are mixed by careful tilting and rotating. The smaller 
plate slides to the edge of the large one mixing the contents. 


An approximate 20 per cent carbon dioxide atmosphere Is prepared in the 
sa^-ay, except that 2 e.c. of sulfuric acid solution (1 e.c. of concentrated sul- 


•iTom the Laboratories of Bacteriology, University 
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furic acid in 29 c.c. of distilled water) and 2 c.c. of sterile 1 per cent sodium 
carbonate solution are used. 

Effective anacrobiosis produced by tliis means has been demonstrated con- 
sistently to last for ten days, this being the limit of the observation period. 
Both metlijdene blue contained in dextrose beef infusion agar and fresh rabbit 
blood mixed in agar were used as indicators. 

Two per cent agar in thioglycollate medium (Baltimore Biological Lab- 
oratories) has been used to advantage in this device, iilore rapid and perhaps 
more efficient, anacrobiosis is obtained with tliis medium under the influence of 
alkaline pyrogallie acid than occurs with ordinary agar. 

SUJI.MARY 

A simple method is described by which individual solid media cultures in 
Petri dishes can be incubated under carbon dioxide tension or under anaerobic 
conditions. 
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METHOD FOR DETERMINING THE TOXICITY OP ANTISEPTICS AS 
MEASURED BY THE DESTRUCTION OP HUMAN LEUCOCYTES® 


Henry Welch, Ph.D., Glenn G. Slocum, Ph.D., and Albert C. Hunter, Ph.D. 

Washington, D. C. 


A METHOD has been presented previously' for determining the primary 
toxicity of antiseptic solutions, as measured by the loss of the phagocytic 
function of the leucocyte. By comparing loss of pliagocytic activity with the bac- 
tericidal action of a compound, it is possible to compute a “toxicitj* index,” 
which is defined as the greatest dilution of the antiseptic that completely in- 
hibits phagocytosis, divided by the greatest dilution which kills the test organism. 
Later work" indicated that the toxic effect of germicides, when tested by this 
method on human or guinea pig blood as a tissue, was, in most instances, dii’ected 
agauist the humoral elements, in conti'ast to the cellular elements. However, 
with mercuric chloride and certain other compounds evidence was presented^ 
to show that such solutions, when tested by their effect on hemol 3 dic comple- 
ment, exhibited definite toxicitj^ but, in contrast to iodine, prevented phagocytosis 
not by an actual destruction of the humoral or cellular elements involved but b.v 
a “blockuig” of the effective mechanisms. It was apparent in this tj^pe of test 
that concentrations of antiseptic, which brought about cessation of phagocytosis, 
were not sufficiently great to cause actual destruction (irreversible loss of func- 
tion) of the cells. 

•From the Division of Bacteriologry, Food and Druff Administration, Washington, D. C. 
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It was furtliL'i’ apparent from our studies lliat certain components of tiic 
humoral system were sensitive to tlie toxic action of tlie majority of anliseiitics 
tested and were tlius destroyed by their action, while in those comiiounds wliich 
reacted like mercuric cldoride, a “liloeking” effect resulted wdiicli prevented 
phagocytosis. This latter effect, however, could he counteracted by dilution of 
the mixture of plasma and chemical. By testing toxic activity on “naked” 
cells- (blood centrifuged free of phusma), it was shown that greater concentra- 
tions of antiseptic were neee.ssary to inactivate such cells than were found neces- 
sary to stop their activity when the toxic effect was directed against the humoral 
sjstem, an essential cog in the phenomenon of phagocytosis. 

Through studies of a variety of techniques for determining the effect of 
antiseptics on the human cell, it soon became apparent that the use of cells 
ree of plasma was neither an effieienl nor an appropriate method. Difficulties 
ere encountered when attempts were made to produce a homogeneous cell sus- 
pension which would give uniform results when mixed with increasing dilutions 
0 the compound under test. It appeared that relatively viscid cell suspensions 
a ed to contact evenly the solution tested in the amounts used either through 
purely mechanical improper mixing during rotation or through absence of suf- 
cient amounts of electrolytic solution in the mixture. For example, when 
mercuric chloride was tested on whole human blood, the toxic dilution was found 
,0 be 1:1,300, while on packed “naked” cells mixed with an equal volume of 
antiseptic dilution a toxic end point of 1 :500 was obtained. Although a dilu- 
wn of 1 :600 or 1 :700 showed marked phagocytic activity, dilutions of 1 :800 
nevertheless showed considerably less activity in spite of the lowered coneentra- 
lon of toxic substance. It was apparent that when the mercury salt was present 
m igh concentrations, desti-uction of all cells was accomplished in spite of im- 
proper muxing of cells and test substance due to an excess of the chemical, while 
at lower more critical concentrations the effect of poor mixing of in<»redients be- 
comes obvious. ° 


In the development of the method presented in these studies, consideration 
vas given also to the fact that under the conditions of use in or on the human 
nocly antiseptics do not come into contact with naked cells but with serous ex 
aates as well, and this material offers a certain amount of protection to the cell 
^urthermore, it seemed particularly desirable to use whole blood, as a tissue’ 
viZr il compound under test by its toxic effect on an indi- 

diSl*' t i "" procedure approaches more closely the con- 

ditions met when antiseptics are used on other tissues of the body. 

deter“;'e&?t In W t^oTe 

trr is 


antiseptic dilutions to be tested are pipetted in m „ 
bottom of test tubes measuring 100 by 13 mm CWn ' to the 

antbeptlc is thm added 0.4 c.c. of Imman blood', vShhaT"" S’"®'' 

0.8 poa ee„. ei,„.od salt solution. (The blood is XTc ^ ^ 
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cent sodium eilrale in salt solution to give a final concentration of approx- 
imately 0.77 per cent citrate. Usually 20 c.c. of blood are mixed with 0.8 e.e. 
of 20 per cent citrate.) The mixture of citratcd blood and antisejitic is then 
rotated at 37° C. for ten minutes on a serum-leucoeyte mixing machine' revolving 
at 4 r.p.m. As soon as the tubes are removed from the rotator, 2.0 c.c. of 0.8 
per eent eitrated salt solution are added immediately to each tube to stop further 
aetion of the antiseptic. The tubes are shaken vigorously, centrifuged at 2,500 
r.p.m. for eight minutes, and the supernatant fluid is removed and discarded. 
Care should be taken not to disturb the buft'y coat of leucocytes usually stratified 
on the red blood cells when removing the supernatant fluid. The cells which 
have been in contact with the antiseptic under test for a period of ten minutes 
are now' tested for phagocytic activitj’’ by the addition of 0.2 e.e. of antigen and 
0.1 c.c. of fresh human plasma. The antigen consists of a standardized suspen- 
sion of artificially opsonized staphylococci, the method of preparation of which 
has been described' previous^'. Pollow'ing addition of antigen and plasma in 
that order, the mixture is rotated on the serum-leueoeyte mixing machine again 
at 37° C. for tw'cnty minutes. Blood smears are prepared, stained for one min- 
ute w'ith 1 e.e. of 0.5 per eent methylene blue in absolute alcohol, following which 
1 e.e. of distilled water, buffered at pH 7.2, is added and staining continued for 
four minutes longer. The degree of phagocjdosis is then determined. 


Table I 


METHOD I 

To show the toxicity of uutisoptic.s ns meas- 
ured by inliibition of mechanism of 
phagocytosis 

1. Mixture: 

0.1 c.c. antiseptic 
0.2 c.c. antigen 
0.2 c.c. human blood 

2. Rotated on mixing maeliine for tliirty min- 

utes 

3. Smears prepared and stained with meth- 

ylene blue for five minutes 

4. Degree of phagocytosis determined 


METHOD n 

To show the toxicity of antiseptics as meas- 
ured by death of the cell (irreversible 
ln“s of function) 

1. Mixture: 

0.1 e.e. antiseptic 

0.2 c.c. eitrated salt solution 

0.2 c.c. human blood 

2. Rotated on mixing machine for ten minutes 

•‘i. Two cubic centimeters of eitrated salt solu- 
tion added and mixture centrifuged at 
2,500 r.p.m. for eight minutes 

4. Supernatant fluid removed and activity of 

cells tested by the addition of: 

0.2 c.c. antigen 

0.1 c.c. fresli human plasma 

5. Rotated on mixing machine for twenty min- 

utes 

(i. Smears prepared and stained witli methylene 
blue for five minutes 

7 . Degree of pliagocytosis determined 


As the concentration of antiseptic is increased, the amount of phagocytosis 
decreases until a concentration is reached at wdiieli no phagocytosis is observed. 
The degree of phagocytic activity is determined, and complete inhibition of 
phagocytosis is taken as an end point. The differences betweeen the original 
method,' which measured inhibition of the function of the leucocyte, and the 
method above, which determines that dilution of antiseptic lethal for the cell. 





WELCH irr AL. : toxicity oe antiseptics 


1435 


are shown briefly in Table I. By the use of the two methods described for de- 
lerniining relative toxieity, 26 gerinieides have been tested. Table II lists the 
26 chemical preparations and. wlierever possible, the dilution of the active in- 
gredients commonly sold on the market or recommended for use, tlie dilutions of 
the aetive ingredients found toxic by each method, and the corrc.sponding toxic 
dilutions of the commercial product or recommended concentration. 

Table II 

CoiTP-VKISOX or THE ToXICITY or -VXTISEl^TICS FOB IIUMAX TiSSl'E AS MeASCRED BV I.XIIIBITIOX 

or Mechaxism or Phagoovtosis and De.structiox or the Cell 


.VXTISEPTIC 


ACTIVE 
INGREDI- 
ENT DILU- 
TION IN 
COM- 
MERCIAL 
I'EODUCT 


DILUTION or ANTISEPTIC COMPLETELY INIilBIT- 
ING PII.VGOCYTOSIS 

WHOLE BLOOD, INIIIBI- 

Tiriv- MTT* 1 T vx-i«\r WHOLE BLOOD, 


(method II) 


.\cri flavine 

(complex organic chlorine com- 
pound) 

B, Tr. (pyridinium compound) 

-M- (pyridinium compound) 
Chloramine-T 
•Dodecylamine acetate 
tE-605 
tE-607 
tE-609 

C (resorcinol derivative) 

Iodine tincture 

Ej Tr. (organic Hg compound -r 
cresol derivatives) 

^ercurie chloride 

(organic Hg compound - dye) 
c’ I- v’ (°'^Sanie Hg compound) 
(phenyl mercury salt - acetate) 
Q (phenyl mercury salt - nitrate) 
, ir. (organic Hg - cresol com- 
pound) 

0-vyquinoUne suHate 
i^henol 

Potassium mercuric iodide, aqueous 
o'assium mercuric iodide, 70% al- 
cohol 

Potassium permanganate 
xodium ortho-pheuylphenate 
(cationic detergent) 
mne sulfoearhnlnto 


1:1,000 

1 : 0,300 

1: 200 
1:1,000 
1: 100 


1:1,000 
1: 14.3 
1: 500 


1 : 50 

1:1,000 

1:1,500 
1 : 200 


1 : 5,000 
1 : 100 


1 : 2,000 


WHOLE BLOOD, IXHIBI- 
TION" OF MEC2IAXISM 
OF PHAGOCYTOSIS 

(method i) 

DILUTION’ 

DILUTION' 

OF ACTU’E 

OF COM- 

IN’GREDI- 

mercial 

EXT 

PRODUCT 

1: 2,000 

1: 2 

1: 5.000 

1: 1.5 

1 : 5,500 

1:27.5 

1: 3,000 

1: 3 

1: 700 

1: 7 

1:13,000 

1: 900 

1: 1,000 

1: 3,500 

1: 5,000 

1 : 5 

1: 600 

1:40 

1 : 7,500 

1:15 

1: 1,300 

1: 1,700 

1:34 

1:17,000 

1:17 

1: 1,900 

1: 3,000 

1: 2 

1: 5,400 

1:27 

1: 700 

1: 400 

1: 1,100 

Not toxic 

1: 2,000 

1:20 

1 : 750 

1: 900 

1: 3,000 

1: 1.5 

1: 100 



DILUTION 
OF ACTIVE 
INGREDI- 
ENT 
1 : 1,200 
1:3,000 

1:2,500 
1:2,500 
1 : 200 
1:8,500 
1: 800 
1: 900 
1:3,000 
1:1,700 
1: 600 
1 :3,500 

1 :1,300 
1: 60 
1:8,500 
1 :l,o00 
1 : 2,000 
1:3,000 

1 : 200 
1: 150 
1 : 1,100 
1:1,500 


DILUTION 
OF COM- 
MERCIAL 
PRODUCT 
1 : 1.2 
Xot toxic 


1: 1.33 
1:15 


Xot toxic 
1:15 


i: (OU 1; 200 

1: 900 1; 000 

1: 3,000 1: 1.5 1:2,500 1: 1.25 

1 : 100 20 

Co.) and has been 


*Th f unem. Soa 63: 1916, 1911; Ibid. 63: 2576. 194l“ 

previous pubU^t'iJ.n® compounds are given in J. E.xper’ Aled 74 - 610 ion t 
> cal make-up of E-605 anTS-Toi was'^^velJ?'' ““ incorrect mterpretetion’of tte cW 

germicides tested, 23 show lower toxieities 

sins 

• ’ "Eieli lias a toxic end pomt of 1-1700 (Tohia tti i ' 

-0- .3 „«asu„d ,„a 
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only 1 :60 is obtained when destruction of the leucocyte is taken as an indication 
of toxic effect. Thus, by the latter method a dilution of only 1 :1.2 of the com- 
mercial product (2 per cent solution) would represent the toxic dilution of this 
pi’oduct, while by the former method a dilution of 1 :34 of the commercial product 
would be toxic. It is of interest that the concentrations of this chemical inhibit- 
ing phagocytic function as compared to concentrations which destroy the cell 
are comparable to those concentrations of this compound which are bacteriostatic 
and bactericidal. 

^Yhen destruction of the cell is taken as a measurement of the toxicity of 
a product such as compound “ A, ” it will be noted that since a 1 -.3,000 dilution 
of the active ingredient destroys cells, and the product usnall}’’ is marketed for 
use in a 1 :3,300 dilution, this product would not be toxic for the cell at the 
dilution commonly used, although it will be noted that it interferes mth the 
mechanism of phagocytosis at a dilution of 1 :5,000. A similar result was ob- 
tained with an aqueous solution of potassium mercuric iodide, usually recom- 
mended in a 1:5,000 dilution of the active ingredient. As a matter of fact, it 
AviU be noted in Table II that besides compound “A” and aqueous potassium 
mercuric iodide, which are not toxic for the cell in commonly used dilutions, a 
number of the compounds tested are toxic only at relatively low dilutions of the 
commonly used strengths when toxicity is measured by direct action on the cell, 
as exemplified by acrifiavine, ehloramine-T, and compounds “Bj,” “C,” “E," 
“H,” and “j.” 

DISCUSSION 

The results obtained by the pi-oposed method, where irreversible loss of 
function of a human cell is taken as evidence of the toxic activity of antiseptics, 
indicate that greater concentrations of the compounds tested are required than 
when revei’sible loss of function of these same cells is taken as evidence of toxic 
activity. In the former instance that concentration of antiseptic which destroys 
the activit 5 ’' of the cell is determined, while in the latter instance tlie concentra- 
tion of antiseptic which destroys or interferes with some necessary component of 
the humoral system is determined. 

Where evidence is desired to show the relative toxicity of a group of anti- 
septics either method may be useful. The method iztilized depends upon whether 
interference zvith phagocytosis or destruction of tissue cells is the important 
consideration. In either ease the compounds would all be tested under the same 
set of conditions. 

The use of human blood as a tissue and the leucocyte as the test cell seem 
especially appropriate for measuring toxicity under practical conditions. Hu- 
man blood is probabty the most readil 3 '' accessible tissue. It is uniform, constant 
in its pH, reasonably strongly buffered, and in the practical application of anti- 
septics is the most likely of all the specialized tissues to be encountered. It has 
been apparent to us in our studies that the leucocyte is relatively resistant to the 
action of toxic agents and compared to other tissue cells it is unique in its inde- 
pendent nature and its ability to survive for reasonably long periods of time 
though removed from its natural environment. The resistance of the leucocyte 
to antagonistic agents, including certain detergents, is rather remarkable and 
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, Will, i-oi-Uin clilulions of tliesc compounds it ^vas 
deserves special comment. ^\ it . eci u completely hemo- 

iioted in many instances that wheie ' continued to carry on their 

lyzed and the plasma coa<^ulated, t ie to them. When 

phagocytic function undimini.slmd resistance of most other body 

the resistance of the leucocyte is compai probably le.ss affected 

cells in situ, it is generally accepted Jbe^ l^ttu ^ I 

by to.Kic compounds than the undoubtedly have le.ss re- 
dependence on one another, iiulu • ■ ^.^mpounds. It is undoubtedly 

sistance than leucocytes to the action o ^ are destroyed by the 

true, as well, that many tsisue cells in ‘ ‘ to determine and 

toxic action of antiseptics, although sue i cs luc structure 

w™., apparent o„l>- tvl.en sneh larse ^ .„xic effect of an 

or ..ntinpitv of the tiaane is ''j"'"' .i,„i,„r if not greater 
antiseptic on the leucocyte may Pu..thermore the mechanism of phago- 

effect on other individual tissue ee Section of the host against invading 

cytosis is manifestly an important P antibacterial agents of the 

•:! :::■ M -- - reduce .e activity . 

’"rLnite oinaine. rriti. tine.^e of 

Slum mercuric iodide, all three of ^ previously reported" all 

both methods reported point when tested on the naked 

three of these compounds had ^ lowei - of the mechanism of 

cell than when tested ^^rences in toxic end points of the.se com- 

phagocytosis as an end -The d ff demonstrate cell 

pounds appear to be ^ 'Idequate mixing of cells and the 

chemical under test. In tl,o slides made from dilutions 

special care was taken to stuay microscop ^ nccnvorl tUnt 

of these compounds which completely inhibited Phapejdosis to be assured ^ 
at the toxic end point irreversible loss of phagocytosis through destruction of the 

cell had actually taken place. 

The use of tests of the type described, which give accurate and reproducible 
results, offers a means of interpretation of the relative merits ^ 

antiseptics under the conditions of use on or m the human body since xie are 
using a viable human tissue and estimating toxic effect on the cell upon vvhich 
1 nature relies as one of her first lines of defense against invading microorganisms. 

! It is apparent that the use of the method proposed in these studies wnll residt in 

' lower toxic end points than those obtained by the method previously described. 
However the former method, which is somewhat easier to perform, is of value 
ill determining relative toxicity of a group of antiseptics designated for a par- 
ticular purpose, while the method described in these studies may be taken as 
an indication of absolute toxicity, since actual destruction of a human cell is 
involved. Tlie j^rccitcr vuluc in this method lests in its dhilitj to dppiodch 
more closely conditions of the use of an antiseptic on human tissue, AVhen the 
actual resistance of human tissue to the action of an antiseptic is compared 
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with the resistance of patliogenie mieroorgauisins to the same chemical, an evalu- 
ation of the efficacy of the antiseptic becomes possible. 

SU.MMARY 

A method for determining the toxieit 3 ' of antiseptics, which utilizes the de- 
struction of leueoc.ytes as an indication of toxic activity using human blood as a 
tissue, is presented. 

Irreversible loss of the function of phagocjdosis folloiving a ten-minute con- 
tact with the compound tested is taken as an indication of death of the cell. 

The toxicity of 26 antiseptics has been determined bv’- tlie proposed method, 
and the results have been compared with those obtained bj' a method previously 
described. 
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CHEMICAL 


DETERMINATION OF CHOLESTEROL IN WHOLE BLOOD, 
SERUM, OR PLASMA'* 


H. Gershberg, M.D., and J. C. Forbes, Ph.D. 
Richmond, Va. 


PvURING recent years many modifications of Bloor's procedure for the deter- 
^ minatibn of blood cholesterol have been described. The majority of these 
do not differentiate ester from free cholesterol. Since the esteiified form gi^es 
more color -with the Liebermauu-Burchard reagents, it is e\'ideut that t le 
for total cholesterol, as determined by these methods, must be too hich. t er 
factors often leading to high results are colored substances which may he 
present originally in the blood, as in jaundice, or produced during the extrac- 
tion process. Sehoenheimer and Speriy,* and Kelsey,- avoid these difficulties by 
saponifi'ing the esters and removing the cholesterol as the digitonide, -which is 
then purified and analyzed. Ireland® first removes the interfering colors with 
silica, then saponifies the esters and extracts the cholesterol -with chloroform. 
These procedures are quite long and do not lend themselves readRj to the needs 
of the blood chemistry laboratory. 

Some years ago one of us (J. C. F.) described a method* which eliminated 
interfering colors bv use of a sjuithetic zeolite (Doucil). In this method esters 
are not saponified before color development, hence the results are necessarily 
high. In order to overcome this difficulty the method has been modified to ob- 
tain the cholesterol in a free state before solution in chloroform and color 
development. An added advantage is that free cholesterol can he determined on 
the same extract. 

zxperiment.\i> 

Preparation of Extract . — One cubic centimeter of whole blood, serum, or 
plasma is added with stirring to approximately 17 c.e. of acetone -95 per cent 
alcohol (1:1) in a 25 c.c. volumetric flask. The extract is brought to a boil in 
hot water and set aside to cool. It is then adjusted to the 25 c.c. mark, mixed 
thoroughly^, and filtered through a rapid filter paper. Ten cubic centimeters of 
the filtrate are measured into a 25 c.e. Erlenmeyer flask, and 0.2 c.c. of 15 per 
cent potassium hydroxide is added. The solution is warmed in hot -water and 
placed in an incubator at approximately 55° C. for about one and one-half 
hours. The flask is then removed, and the alkali is neutralized with 0.1 c.c. of 
hydrochloric acid so adjusted that it will assure complete neutralization. The 
hydrochloric acid concentration is approximately 1.9 per cent. After neutralize- 

•From the Department of Biochemistry, Medical College of Virginia, Richmond. 
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tion the flask is placed in -water at about 65° to 70° C., and the contents are 
evaporated to diyness with the aid of a stream of air played upon the surface of 
the licjuid. The flask is removed, allowed to cool, and 0.4 e.c. of distilled water 
is added. About 1.3 Gni. of neutralized doueil ai’e added and mixed by moderate 
shaking. Ten cubic centimeters of chloroform are added, and the flask is .stop- 
pered immediatelj' with a cork. The mixtui’e is gir^en a wdiirliug motion oS and 
on for five to ten minutes after which it is filtered through a rapid filter paper. 
In order to prevent concentration of the solution diu'ing filtration the funnel 
should be covered with a watch glass and filtration should be stopped bj^ re- 
moval of the filter paper from the funnel as soon as the greater part of the 
solution has passed through. Five cubic centimeters of the filtrate are pipetted 
into a test tube standing in a wire rack in a ivater bath at 21° to 22° C. Five 
cubic centimeters of a standard cholesterol solution in chloroform .(1 c.e. = O.OS 
mg. of cholesterol) are pipetted into another test tube placed in the same bath. 
Two cubic centimeters of acetic anhydride are added to each. The tubes are 
mixed thoroughly and replaced in the bath for a time sufficient to enable the 
contents of the tubes to come to the temperature of the bath. This usually does 
not require more than five minute.s, but no harm is done if they are left for a 
much longer period. Even a two-hour period does not affect the final color 
development. Pour small drops of concentrated sulfuric acid, approximately 
0.1 C.C., are added to each tube from a dropping bottle with a ground glass 
pipette. The tubes are then removed one at a time, the contents mixed thor- 
oughly, and replaced in the bath. The bath is placed immediatelj* into a dark 
cupboard for tiventy minutes, after wdiich the colors are compared in a colorim- 
eter with an Eastman 71A filter in the eyepiece. The temperature of the bath 
at the time of comparison should not have risen above 23° C. 

When free cholesterol is to be determined, 5 c.c. of the filtrate are measured 
into a 15 e.c. centrifuge tube, the free cholesterol precipitated as the digitonide 
and determined b.v the method of Sehoenheimer and Sperry.^ After solution of 
the cholesterol digitonide in acetic acid, it has been found advisable to control 
the temperature by using a water bath in the manner already described, except 
that a temperature of 25° C. is used and at least thirty minutes are allowed for 
color development. 

Becovenj of Cholesterol Prom Standard Solutions . — In order to show the 
complete extraetability of cholesterol, aliquots of the standard were evaporated 
to dryness in 25 e.c. Erlenmeyer flasks, the residue was dissoh^ed in 1 :1 alcohol- 
acetone mixture and was carried through exactly the same procedures as those de- 
scribed for the unhydrolyzed and hydimlyzed extracts. Complete recovery was 
obtained in each case. The presence of w'ater was found necessai’y for complete 
extraction. The amount of water used can be varied wdthin fairlj- large limits; 
any amount between 0.4 and 1 c.c. inclusive allowed complete z-ecovery of the 
cholesterol. Amounts outside these limits resulted in incomplete recovery. In 
the case of hydrolyzed extracts or alkali-treated standards, it wms found neces- 
sary to neutralize the alkali before extracting with chloz’oform. We prefer to 
neutralize it before evaporation of the alcohol-acetone extract, but equally satis- 
factory results were obtained by neutralization iznmediately after evaporation. 



GEBSHBKISG-FOUUICS : 


UETKUMIXATIOX OF CUOM'^iTEItOt. 


1-Wl 


Tauix I 


CiiOLESTEiiOL Content op UNUvDiiOi.vzEo Blood Seuum as BirrEitsiiNED ^^1 T^ and 

WITHOUT DoUCTL 



CUOLKSTEUOL 

PER 100 c.c. 


CltOLEiiTEKOL 

PER 100 C.C. 


or sr 

UUM 

SKitUJt 

XO. 

OF SEUUM 

SEKUit 

SO. 

WITHOUT 

DOUCIU 

IVlTil 

DOUCIL 

WITHOUT 

I>OUClL 

WITH 

DOUCIL 


(MG.) 

(MO.) 


(MO.) 

(MG.) 

1 

IGS 

lOS 

16 


120 

o 

243 

244 

17 


139 

3 

1.54 


18 



4 


20S 

19 


185 

0 

171 

181 

20 


397 

6 

160 

163 

21 

173 

173 

7 

S 

170 

319 

172 

319 

22 

23 

162 

398 

164 

393 

9 

289 

289 

24 

170 

169 

10 

o«:>7 

oo-j 

25 

170 

163 

11 

208 

203 

26 

211 

213 

12 

232 

225 

27 

241 

240 

13 

242 

244 

28 

150 

150 

14 

2S2 

276 

29 

147 

146 

15 

1S5 

188 

30 

137 

137 


1 to 13 are normal persons. 

10 to 30 are nonjaundlced hospital patients. 


Table II 

Comparison op Apparent Cholesterol Content as Calculated From Color Development 

Before and Aftep. Hydp.olysis 


SERUil 

KO. 

BEFORE 
HYDROLYSIS 
(MG. PER 

100 C.C.) 

AFTER 

HYDP.OLYSIS 
(MG. PEP. 

100 C.C.) 

RATIO 

B/A 

1 


■■IB iIBBHH 

1.25 

2 

276 


1.22 

3 

180 


1.32 

4 

220 


1.23 

5 

225 

177 

1.27 

6 

203 

160 

1.27 

7 

129 

107 

1.21 

8 

195 

160 

1.22 

9 

282 

223 

1.25 

10 

175 

140 

1.25 

11 

270 

204 

1.32 

12 

280 

237 

I.IS 

13 

750 

717 

1.05 

14 

173 

150 

1.15 

15 

257 

245 


16 

115 

100 

1.15 

17 

112 

101 

1.11 

18 

175 

133 

1.14 

19 

209 

195 

1.07 

20 

165 

152 

1.09 

21 

346 

323 

1.07 


336 

318 

1.06 

23 

177 

162 

1.09 

24 

123 

113 

1.07 

1 to 12 arc normal sera. 


percentage 

free-* 


Eo 

29 

25 

23 

85 

82 

81 

79 

73 

72 

64 

56 

54 

52 

51 

51 


13 to 21 are from Jaundiced patients with liver disease. 

as Derc?nmE5.*'?i?M®*'°' determined by Schoenheimer and Sperrj-’s method and 
3 percentaffc of tiie value obt-ained for total cholesterol after hydrolysis. 


is expressed 
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Recovery of Cholesterol From- Unhydrolyzed Extracts. — In these experi- 
ments 10 c.c. of the alcoliol-acetone extract were evaporated to dryness. The 
apparent cholesterol content was then determined in the manner already de- 
scribed, except that no potassium h 3 '-droxide or hj-'droehloric acid was used. The 
values obtained for different sera are given in Table I along ivith those obtained 
bj"" simplj^ evaporating an aliquot of the alcohol-acetone extract, dissolving the 
residue in chloroform and developing the color in the usual wa\'. Since no sera 
containing an abnormal amount of pigment were used, the amount of pigment 
present was insufficient to interfere with color comparison even in the absence of 
doueil. It will be seen that the agreement betiveen the two methods is excellent. 

Recovery of Cholesterol From Hydrolyzed Extract. — That complete re- 
coveiT of cholesterol was obtained when a standard was put through the proce- 
dure outlined for the hj'droij'zed extract has alreadj- been mentioned. Evidence 
for the complete extractability from h^’drol.vzed serum extracts is shown in Table 
II. In these experiments comparisons have been made of the color developed bj" 
the extract before and after hj-drolj'sis. In 12 normal subjects the ratios varied 
fi’om 1.18 to 1.32, averaging 1.25. Also included in Table II are a number of 
typical values on pathologic sera from patients with liver damage in whom a 
marked increase in the percentage of free cholesterol was obtained. It will be 
seen that the ratio in all patients is definitety below normal. A ratio of 1 would 
indicate complete absence of ester cholesterol. Since a slight error in either of 
the determinations affects the ratio materially', variations in ratio similar to 
these I’ecorded must be expected. 

Table III 


Apparent Cholesterol Valve per lOO o.c. op Jaundiced Serum Determined IVithout 
Hydrolysis, With and Without Doucil 


SERUM 

NO. 

APP.WENT CHOLESTEROL CONTENT 

ICTERIC 

INDEX 

(UNITS) 

WITHOUT 

DOUCIL 

(MG.) 

WITH 1 

DOUCIL 1 

( MG. ) 

1 

261 

241 

160 

o 

.342 

327 

152 

3 

32G 

301 

112 

4 

139 

125 

68 

0 

279 

270 

44 

6 

240 

232 

32 

7 

13S 

136 

1 24 

S 

129 

114 

22 

9 

125 

112 

22 


Removal of Interfering Suhstances hy Doucil. — It is well known that cer- 
tain colored substances often present in blood, such as bile pigments, or those 
produced during the extraction, especially when Avhole blood is used, will cause 
high results bj^ interfering with colorimetric readings. This is especially true if 
a suitable filter is not used in the eyepiece. When doucil is used as described, 
these interfering substances do not dissolve in the chloroform, and consequently’ 
do not interfere with the accuracy’ of the results. Table III presents values 
obtained for unhydrotyzed extracts on a number of jaundiced sera with and 
without the use of doueil. It will be seen that the values for sera of high icteric 
index are distinctly higher in the absence of doueil. In Table IV are shown a 
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few typical re.sult.s showing that iloueil will remove the brownish color which 
forms when whole blood is boiled with alcohol-acetone solution. In these eases 
three samples of whole blood were taken and added to the alcohol-acetone mix- 
ture. One ilask was brought just to a boil, another was boiled for five minutes, 
and the third was boiled for twenty minutes. After cooling, all were diluted to 
volume and mixed thoroughly. Each was then fdtered, and the apparent total 
cholesterol content was determined without hydrolysis, with and without doucil. 
It will be .seen that when doucil was used, the value obtained for cholesterol 
was not atfeeted even by long boiling of the blood, but values obtained in the 
absence of doucil increased progre.ssively as the time of boiling was lengthened, 
with production of greater amounts of colored products. 

Table IV 

App.w.ext CuoLEsTEnoL Value of Whole Blood Extuacvs Detekhixed Without Hydrolysis, 

With and Without Boucil 

Values are expressed in milligrams per 100 c.c. of whole blood 


APf.U-.EXT cholesterol VALUE 


BLOOD 1 


f B 1 

1 

xo. ! 

WITHOUT 

WITH 

WITHOUT 

WITH ] 

without 

WITH 


DOUCIL 

DOUCIL 

DOUClL 

doucil 

DOUCIL 

DOUCIL 



nnmoiiii 

ISJ 

101 

■■ESIHI 





243 

215 






— 

124 

■BSi 



A, Brought just to a boil during the alcohol-acetone extraction. 

B, Boiled for flve minutes during the alcohol-acetone extraction. 

C, Boiled tor twenty minutes during the alcohol-acetone extraction. 


SUWilARY 

A relatively simple method for the determination of free and total choles- 
terol is described. Interfering substances, such as bile pigments or colored sub- 
stances, produced during the extraction process are removed bj^ means of a com- 
mercial synthetic zeolite (doucil) . 

obtainlSTom H.“Ta>dor“! BalUmo^'fid. 
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THE USE OP A NEW DIGESTIVE MIXTURE FOR 
PROTEIN DETERMINATIONS* 


JOSKPH BeXOTTI, B.S., ]\I.S., BoSTOX, i\lASS. 


T he best clinical nitrogeii cleterininations, whetlier tiiey be of a protein or 
nonprotein nature, are measured by acid digestion, and tlie resulting 
ammonia is determined by the Kjcldahl method or is nesslerized by direct addi- 
tion of Nessler ’s solution. 

Several digestion mixtures are available to the technician for nitrogen 
determinations, all of which have their advantages and disadvantages. The 
speed with which a certain sample of material will digest, tliat is, change from 
organic to inorganic material, depends upon tlie concentration of pliosphoric acid 
pi'esent. Folin’s digestive mixture' has a rather high concentration of phos- 
phoric acid in comparison to the sulfuric acid present. This makes a very power- 
ful and rapid digestive mixture. However, such a high concentration of phos- 
phoric acid usually attacks glass and produces cloudiness in the resulting solution 
unless the digestion is stopped at the proper time. Diijn-ay- has reduced the 
phosphoric acid content of his digestive mixture for nonprotein solutions so as 
not to produce the above effects, flowever, by so doing lie has also reduced the 
speed of digestion itself. To overcome this he added an oxidizing agent, 
perchloric acid. This makes a good mild acid digestive mixture. 

Since proteins have such a high iiitrogen content, tliey require a digestive 
mixture which is very strong. However, it was my intention to make a strong 
digestive mixture which would not have too higli a concentration of phosphoric 
acid that would attack pju’ex glass, and still would digest with some speed. 
Furthermore, it must produce clear nesslerized solutions. 

In all the various acid mixtures tided the iiliosphoric acid content was kept 
to a minimum so as to prevent the etching of glass due to overdigestion. Several 
oxidizing agents were tried to offset the deficiencj' of phosphoric acid. Some 
worked very nicely as far as the digestion was concerned, but on later uessleriza- 
tion gave considerable cloudiness which rendered it impossible for use in this 
method since the nitrogen is finally measured by direct nesslerization. Finally, 
a very fine digestive mixture was realized which had the following composition ; 
54 e.c. of water, 35 c.e. of sulfuric acid concentrated, 10 c.c. of phosphoric acid 
85 per cent, and 0.5 c.c. of perchloric acid 20 per cent. This digestive mixture 
does not attack glass, and on gentle boiling there is no danger of overdigestion. 
It o-ives absolutely clear solutions upon the addition of water after partial 
eooHng. The use of digestive mixtures which have high concentrations of phos- 

^rom the Chemistry Laboratory of the Joseph H. Pratt Diagnostic Hospital, Boston. 
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pliol'ic ackl iovee oue to udil ^s■atol• ut'tor digcstioii while still hot in ovdor to avoid 
the lomation of insohible preeiintates. It is thus possible to lose nitrogen due 
to spurting. 

The digestive luixture herein described has one disadvantage and this is 
that following digestion and dilution with water the resulting solution must be 
ice-cooled before nes-slcvixatiou since the nesslerized solutions sometimes turn, 
cloudy wheu they are uot previously cooled. The resulting digested solutions 
are nesslerized and road cither on a colorimeter or photelomcter. The nitrogen 
values obtained by this procedure were checked by the Ivjcldahl method and 
compared very well. 



Fig. 1. — Apparatus used for protein digestions. 


TOTAL PKOTEIX 

Dilute 1 c.e. serum to 50 c.c. with water and mix well. Take 1 c.e. of diluted 
serum in a special digestion tube,®' previously described.^ Add 1 e.e. of digestive 
mixture described above. Digest by boiling gently over a micro chimney burner, 
as shown in Fig. 1, and cover with a watch glass when charring begins. This 
takes about fifteen minutes. Wlien it is moderately cool, dilute with distilled 
'rater to 35 e.e. lee cool the latter solution and add 15 e.e. of Xessler’s reao-ent 
Dor comparison in a colorimeter one must use 2 e.e. of standard ammo^um 
sulfate solution, which contains 0.1 mg. nitrogen per cubic centimeter plus 1 
c.e. of acid digestive mixture; dilute to 35 c.e., iee cool, and ne.s.slerize. The 

Boston?’’*''^'*' tubes may be purchased from Hovre and French. 99 Broad Street. 
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nitrogen maj^ also be read in a photelometer using instead of the standard a blank 
which is made up of 1 c.c. of acid mixture ; dilute to 35 e.c. with water, ice cool, 

and nesslerize. Calculation : S/U x 0.2 x x 0.00625 - 0.2 = Gm. of total 

protein per 100 c.c. (0.2 represents the eciuivalent amount of protein clue to the 
average nonprotein nitrogen). 

ALBLUIIX' 

One cubic centimeter of seriun is added to 29 c.c. of 22.2 per cent sodium 
sulfate. Incubate at 37° C. for three or more hours. Filter and discard the 
first 10 c.c. of filtrate since it will be low in albumin due to absorption by the 
filter paper. Take 1 c.c. of clear filtrate, add 1 e.c. of digestive mixture described 
above, and digest in a special digestion tube^ as described for total protein. 
Dilute to 35 c.c., ice cool, and nesslerize. The standard is the same as for total 
protein. 

Calculation : S/U x 0.2 x x 0.00625 - 0.2 = 6m. per 100 e.c. of albumin. 

U.Uoo 

> 

Total proteiii minus albumin gives globulin. 

SUMMARY 

A new digestion mixture is herein described which digests protein and non- 
protein solutions until the same ease. It does not attack glass, and the digestion 
does not have to be stopped at the proper moment in order to prevent cloudiness 
upon the addition of water. A method is described for total protein, albumin, 
and globulin which is easy, rather rapid, and accurate since there is no loss of 
material during digestion. This digestion mixture has recently been used for 
nonprotein nitrogen determinations with great success. 
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QU^UjITATIVE studies of the 


bilirubin in body fluids 


r^ rim rin'/n T?P\rTION BY THE PHOTOELECTRIC COLORIM- 
1. A C011P.VRISON OF THE Direct Dlvzo Keaction by 1 

ETER, THE ThREE Ti^T TuBE MeTHOD, AND THE OXIDATION TeST IN bC 
Georg Lepehne, jM.D., Boston, iLvss. 


TN 1918 Hijmans van den BerglP reported that the addition of 
1 the blood serum of a patient with obstruetive jaundiee 
prompt appearanee of a eharaeteristie eolor. When the same 
I the serl of a patient with hemo^die jaundiee, the 

peered very slowly, and then only after a considerable lapse of time. When 
95 per cent alcohol was added to the serum of a patient with 

along ivith the diazo reagent, the eharaeteristie t-rn?‘d^;eet” 

the basis of these observations van den Bergh classified the ^eaetmn as chreet 
when no alcohol was needed to obtain a prompt appearance of coloi, and^ 
“indirect” when alcohol was required. Since Uien the hterature eonta^ 

• such expressions as “bUirubin direct positive,” “direct negative, 
indirect positive.” These terms, when applied to the -l^^l^tative (direct) d azo 
reaction are confusing.^ The logical terms are direct (Razo , 

delayed. In addition to these two types of reaction, Feigl and Quernei, and 
others^- = described the biphasic reaction, which is a combmation of the prompt 

and delayed reaction. 

Since the existing terminology is confusing and since the dia^ostic value of 
the qualitative van den Bergh test is still a matter of dispute, the direct ^azo 
reaction was studied by the photoelectric colorimeter and compared with the 
three test tube method.^ The results reported herein ivill show the comparative 
value and usefulness of these two methods, and they will also indicate the 
advantages of using a uniform terminology. In addition, an oxidation test for 
further differentiation of the various types of bilirubm in blood serum will be 
described. 


methods 


Photoelectric Colorimeter.— The technique described by Malloy and Evelyn® 
was used. Readings were made at ten, twenty, and forty seconds, and at one, 
two, three, four, five, ten, and thirty minutes after the diazo reagent had been 
■ud-d-cd to scrviiii. It soomed udvissblo to obt3.iii colomnotric dotormiiiRtioiis 
during tlio firs^ minutG of tlio xscictionj sinco tbo (juulitutivo diffcroiicG botween 
the prompt and delayed type is most striking during this interval. Since Malloy 
mid Evelyn found that the prompt direct diazo reaction attained a maximum of 
eolor in thirty minutes, subsequent readings were not considered to be essential. 

•From the Department of Medicine. Boston University School of Medicine. 
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Three Test Tube j\Iethod. — This method originally described by the author^ 
in 1923 makes use of the fact that caffeine salts (caffeine sodium benzoate or caf- 
feine sodium salicylate) convei-t a delayed direct diazo reaction into one which 
is more or less prompt (Adler and Strauss®). Tliree small test tubes are used. 
One contains serum and diazo reagent ; the second contains serum, diazo reagent, 
and caffeine salt; the third, serum diluted with water. Using the second and 
third tubes for purposes of comparison, the nature of the reaction in the first 
tube can be determined veiy easily. 


Table I 


CoMP.uuson OF Qualitative axd Qua.vtitative Eeactioss 
Cases Witu Prompt Direct Diazo Reaction 


DISEASE 

TOTAL 

BILIRUBIN 

(mg. per 

100 C.C.) 

1 MIN. 
direct/SO 
min. indi- 
rect 
(%) 

1 MIN. 
direct/ 1 
MIN. indi- 
rect 
(%) 

1 MIN. 
direct/30 
min. direct 
(%) 

30 MIN. 
direct/30 

JII.V. INDI- 
RECT 
(%) 

Catarrhal jaundice 

HniM 

52,3 

76.6 

72.4 

72.2 

Obstructive jaundice (can- 


6S.0 

90.0 

64.4 


cer) 


58.3 

83.0 

70.1 

81.2 



54.5 

76.9 

72.1 

75.T 



46.(1 

69.7 

60.2 

77.5 


19.5 

42.6 

65.0 

57.7 

73.8 

Obstructive jaundice (stone) 

32.0 

42.1 

61.8 

67.8 


Cardiac jaundice 


50.0 

05.4 

C6.S 

70.1 

Cirrhosis of the liver with 
jaundice 


46.9 

65.9 

66.0 

70.4 

Average 

hMMHli 

51.3 

72.7 

66.5 

75.9 


RESULTS 

Prompt reactions were obtained in sera fi'om 6 patients witli obstructive 
jaundice caused by either cancer or stone, one patient witli so-called catarrhal 
jaundice, one patient with liver cirrhosis with jaundice and ascites, and one pa- 
tient with mild cardiac jaundice. Tlie curves obtained by the photoelectric 
method showed a steep ascent, a high level in ten to tiventy seconds (0.9 to 9 mg. 
per 100 e.c.), reaching a still higher level within one minute (1.5 to 14 mg. per 
100 e.e.). Qualitativelj', similar curves were obtained in the patients witli ob- 
structive, catarrhal, and cardiac jaundice, even though in the last case the total 
bilirubin content was only 3,2 mg. per 100 e.c. (Charts 1 and 2). These curves 
were almost parallel to the curves of the indireet (quantitative) diazo reaction,, 
but, as a rule, they did not reach the same level. There always remained a small 
amount of bilirubin which reacted with the diazo reagent only after the ad- 
dition of alcohol. The total bilirubin content of the blood in these cases ranged 
from 3.25 to 32 mg. per 100 e.c. (see Table I). In order to determine ,the sig- 
nificance of the various direct curves and their clinical value the figures, as 
obtained at the beginning of the reaction (one minute) and at the end (thirty 
minutes), were correlated with each other and with indirect (quantitative) photo- 
electric curves at one and thirty minutes. Table I shows that in the prompt direct 
curves, the one minute value reaches on the average 51.30 per cent of the total 
bilirubin content, 72.73 per cent of the indirect first minute value, and 66.51 pen 
cent of the thirty minute direct readings. When the thirty minute values were; 

















I,El>KIlNi:: UU.IKUIUS IN BODY FLUID:, 

. Hvit -ibout 25 per cent of the total bilirubin 
compared with each other, it appeals ^ j 

is usually revealed by the differences can be determined 

Further investigation must - henatic and olistructive jaundice, 

between the' prompt diazo leac ions _ differences, but Varela 

Cantarow, Wirts, “ud Hollander w eie um X-iubbard,“ demonstrated that 

andhis .o.vorkc«,- and f they separated the 

differences between these t\pes ] ,o„tit-itivelv by the method of chloro- 
“prompt” and the “delayed” bilirubin quantitativ elj 


foim extraction. 



• • OBSTRUCTIVE 

• JAUNDICE OF 


jaundice •prompt" 

THE NEW-BORN ’DELAYED 


. » yiii-oi-f tliazo reaction” in a case of obstructive jaundice 

Chart. feacUon” in a case of jaundice of the newborn. 


t 


la asiag the three test tube method, a prompt dn-eot diazo reaction tv^ 
tharaeterizel by the appearance of a color hnmediately after the adto of 
the diaco reagent. One has the impression that the recess reaches a 
in one minute (van den Bergh and many other authors) The photoelectric 
curves, hoivevcr, reveal that the masimnm is reached in about thirty minutes, 
and Table I shoivs that the oueminute value of the direct eimves IS on he average 
only 66.5 per cent of the thirty-minute direet rcachngs. This fact Is due to 
the accuracy of the photoelectric colorimeter method lor detection of the depth of 


color. 

In the three test tube method a new observation was made which may be 
helpful in the classification of the different types of the direct diazo reaction. 
In the prompt direct diazo reaction the first orange-red color of the test tube 
containing the caffeine salts changes to purple in one to tu o seconds, while in 
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the tubes containing only serum and reagent the change appears in thirty to 
ninety seconds. In the delayed and biphasie reactions the appearance of the 
purple color is much more delayed. 

To the (/roicp of delayed direct diazo reaction belong the serum of a patient 
with familial nonhemolytic jaundice, 4 patients with jaundice of the newborn, 
and one patient with healing hepatic jaundice. Furthermore, the following cases 
of latent jaundice belong in this group : 4 cases of pernicious anemia, 3 speci- 
mens of blood from the umbilical cord (placenta blood), one sulfanilamide 
jaundice (mild case, jaundice of hemolytic origin), one ease of possible hemolytic 
anemia before and after splenectomy. The photoelectric direct curves show a 
striking, contrast to the curves of the pi'ompt group (see Charts 1 and 2). Not 
only in the fii'st minute but also in the first five minutes a very slow ascent of 
the curves takes place, and after thirty minutes a low peak is reached. No dif- 
ference was observed between the curves in the jaundiced cases and those ivith 
latent jaundice. But in the eases of jaundice of the newborn and in the case of 
healing hepatic jaundice the one minute values and the thirty minute values 
were relatively higher than in the other cases. Apparently the higher total 
bilirubin content in the jaundice of the newborn and in the healing hepatic 
jaundice causes the higher readings of the direct curves of these cases. 



CARDIAC JAUNDICE ’PROMPT' 

SUCFANILAMIDE JAUNDICE 'DELAYED* 

Chart 2. — Comparison of the "prompt direct diazo reaction” in a case of cardiac jaundice with 
-the "delayed direct diazo reaction" in a case of sulfanilamide jaundice. 

When the values obtained at various time intervals ai’e correlated with 
each other, as was done in the cases of the prompt reaction, some striking results 
were obtained (Table II). In the delayed cases the value at one minute reaches 
only 9.5 per cent of the total bilirubin in contrast to 51.3 per cent in the prompt 
group. The other correlations show similar marked dilferenees between the 
prompt and the delayed direct reaction. The thirty minute direct value reaches 
only 30.05 per cent of the total bilirubin (75.9 per cent in the prompt cases). 

The three test tube method (direct diazo reaction) also shows that the red- 
ness in the delayed group develops slowly. The first trace of the orange-red 
coloring appears five to ninety seconds after the addition of the diazo reagent. 



u:rKiiNK; 


lUl.lUUUIK IS HODY KI-UIDS 


1451 


1 . Thm the color deepens slowly within 
mth an average of thirty-nine seeom oi.^nge red-color. 

one to twenty minutes (a\eiage chan-e to purple color occurs in 

It is of clinical interest that in this group ^ „ ,,,out one hour, 

ahout ten minutes to two and one-halt of the color after 

In the eases of iaundice of the --‘jont delayed cases. A 

the addition of the diazo reagent is s owe ^ rninutes in Case 1 with 

distinct orange-red color could he notcc on . . twenty- 

6nig.totalbiliruhin;after twent^M.^^^^^^^^^ , ,,,, , 

five minutes in Case 3 with 10. i n method the speed with 

total bilirubin of 23 36 mg. P"'. ^ Jj'"; J , newborn Ls apparently in inverse 

which the redness develops m .laundi change to purple color, 

proportion to the total bilirubin not occui^at all in the other 

which appears in the tube containing ca ei ’ fortv-eight hours after 

tub. Eve. uveno-fovu- 

the additioa o£ the (liazo icagen J sodium benaoate were 

present but no purple color. \\ hen , ” a change to purple occurred 

added to an orange-red twenty-four-hour specimen, a cn . 
two hours later. 

Table II 



Hemolytic anemia 
Hemolytic anemia after 
splenectomy 
Sulfanilamide jaundice 
Placental blood 

Healing hepatic jaundice 
Jaundice of newborn 


aVverage 


This very delayed direct diazo test tube reaction in the cases of jaundice 
of the newborn seems to be in a certain contrast with the development of color 
obtained by the direct photoelectric method (average 0.618 mg. per 100 c.c. m 
one minute, and 1.5 mg. per 100 c.c. in thirty minutes). To explain this dis- 
crepancy it may be considered that the deep yellow color of these jaundiced sera 
may disguise the development of the red coloring in the test tube method. 

Biphdsic reactions were obtained in the sera from the following eases: one 
of liver cirrhosis, 2 of cholelithiasis Avith decreasing jaimdice, and one of 
jaundice caused by metastases in the liver. In these cases the direct curvms 
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ranged between the steep ascending curves of the prompt group and the low 
curves of the delayed group (see Chart 3 and Table III). 

In this group the three test tube methods showed two variations which I 
described in 1921 ;® “biphasic prompt” and “biphasic delayed.” In three eases 
(cholelithiasis with jaundice, liver metastases with jaundice) the reaction was 
biphasic prompt; immediately after the addition of the diazo reagent a slight 
red color appeared. The redness deepened more slowly than in the prompt 
eases but more rapidlj' than in the delayed cases. The maximum amount of 
color seemed to be reached after one to two minutes. The ciiange to purple color 


T-vble iir 

CoMP.viiisoK OP Qualitative .\nd Qc.vstit.v.tive Eeactioxs 
Cases With Bipu.vsic Direct Diazo Reactio.v 


DISEASE 

TOTAL 
BILIRUBIN I 

(mg. per I 

100 c.c.) 1 

1 

1 MIN. 
DIItECT/30 
MIN. INDI- 
RECT 

t%) 

1 Jtix. 
DlRECT/1 
MIX. IXDI- 
RECT 
(%) 

1 illN. 

direct/30 

MIX. DIRECT 
(%) 

30 MIX. 
dikect/30 
MIX. indi- 
rect 
(%) 

Cholelithiasis ivith jaundice 


15.9 

19.4 

59.7 

26.7 

Jaundice caused by cancer 
metastases 


2S.S 

35.4 

C5.9 

1 

43.7 

Cirrhosis of the liver 

2.2 

34.0 

47.9 

G0.4 

55.4 

Cholelithiasis 

1.1 

35.7 

oO.S 

oS.O 

01.6 

Average 


22.9 

39.9 

02.5 

46.8 


appeared in about one and one-half to four minutes, that is, a little later than in 
the prompt group. The total bilirubin content in these cases was high (see 
Table III). In the other eases (2 of liver cirrhosis, 2 of cholelithiasis) the 
biphasie-delayed direct diazo reaction was present: immediately after the ad- 
dition of the reagent a very slight red color appeared, but the further develop- 
ment of the color Avas very slow, similar to the delayed reaction. The maximum 
color seemed to be reached in two minutes or later. The change to purple in 2 
cases Avith a total bilirubin content of 1.1 mg. and 2.2 mg. per 100 c.e. required 
twenty and forty-five minutes, respectively. 

Besides the differences Avhieh can be shoAvn Avith the direct diazo reaction, 
van den Bergh’^ repox'ted that the “prompt” bilirubin can be I’apidly oxidized to 
biliverdin, Avhile the “delayed” bilirubin is oxidized sloAidy. In 1914 Beneke'" 
reported that the bilirubin present in blood of jaundice of the neAvborn, after 
being treated Avith fonnalin, remained j'cHoaa', AA'hile the biliiTibin of cases with 
obstructwe jaundice became green. In 1922 I^ proposed an easy oxidation test, 
and as a result of accumulated experience AAuth this test found that it is of value 
in differentiating the various fonns of bilirubin. 

JIETHOD 

The reagent is made by adding 1 c.e. of 0.5 per cent sodium nitrite solution 
to 9 c.e. of 1 per cent nitric acid solution. The reagent is prepared freshly 
each time it is used. The test is performed as follow's : 0.2 to 0.3 e.c. of the serum 
is placed in each of tAvo small test tubes. One tube is diluted Avith the same 
amount of water. To the other tube is added 0.2 to 0.3 c.c. of the reagent. Both 
tubes are held in front of a Av^hite paper against the daylight, and the rapidity 
with Avhich a green color develops is noted during a fiv'e to ten minute period. 
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UICSULTS 

In a series of SO examinations 3 different reactions were oiiserved: (1) 
“Prompt oxidation test”: immediately after the addition of the reagent, a 
definite green color develops and reaches its maximum intensitj in ten to teen 
seconds. The depth of the color depends on the amount of bihrubin present, 
but it is always green. (2) “Diminished-delayed oxidation test”: either a 
very slight vellow-greenish color develops immediately and changes to a giayisi 
eolm- within two to three minutes, or a rather slight yellow-greenish color de- 
veIop.s in thirty seconds to fifteen minutes after the addition of the reagent. 
(3) “Negative oxidation test”: after the addition of the reagent the color of 
the serum does not change at all or only becomes lighter. Within the next one 
to three minutes the color changes gradually to a grayish or straw color, i o 
green color is present at any time. Addition of alcohol or of caffeine salts has 
no influence on the diminished-delayed or on the negative oxidation test. 



L»V£R cirrhosis BIPHASIC OELAYEO 

Chart 3. — •“Biphasic-delayed direct diazo reaction'' in a case of liver cirrhosis. 


The prompt oxulation test occurred in all eases of obstructive and hepatic 
jaundice and eorresponded to the prompt direct diazo reaction. In one case of 
mild cardiac jaundice with the low total hiliruhin content (3.25 rog.) and in 2 
eases -with a biphasic-prompt direct diazo reaction (cholelithiasis with 6.7 mg. and 
cancer metastases in the liver with 6.10 mg. per 100 c.c.) a prompt oxidation test 
w’as present. In serum of obstructive jaundice diluted to a bilinibin content of 
less than 2 mg, per 100 c.c., the prompt oxidation test changed in the majority of 
the oases to a diminished-delayed reaction. 

The diminished-delay ed oxidation test was obser%-ed in eases with delayed 
or with biphasic-delayed direct diazo reaction (2 cases of liver cirrhosis with 
total bilirubin of 1.5 mg. and 2,3 mg.; one case of pernicious auemia with a 
total bilirubin of 1.36 mg. ; one case of nonhemoljiie familial jaundice with a 
total bilirubin of 4.06 mg. ; one case of sulfanilamide jaundice with a total bili- 
rubin of 1.S2 mg,; and one case of healing hepatic jaundice with 5.22 m«-. 
bilirubin per 100 e.c.). The time between the addition of the reagent and the 
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appearance of tlie yellow-greenisli color did not depend on the amount of the 
total bilirubin. No ease with a prompt or bipliasic-prompt direct diazo reaction 
showed an oxidation test of this type. 

The negative oxidation test was present in cases' with delayed direct diazo- 
reaetion only: pernicious anemia, hemolytic anemia before and after splenec- 
tomy, liver cirrhosis, in all specimens of cord blood of the newborn and in the 
cases of icterus neonatorum. The high total bilirubm content in the cases of 
jaundice of the newborn (6 mg. to 23.3 mg. per 100 e.e.) shows that also the 
negative oxidation test was independent of the bilirubin content of the serum. 
In one exceptional ease of cholelithiasis with a total bilirubin content of 1.1 mg. 
a negative oxidation test was found in the presence of a biphasic-delayed direct 
diazo reaction. 



Chart i . — “Delayed direct diazo reaction" in a case of familial nonhemolytic jannUice. 

Photoelectric curves of the different types of this oxidation reaction could 
not be obtained even though different filters (620, 630, 635) were used. Some 
examinations with Fouchet’s reagent (trichloracetic acid) and with the oxida- 
tion reagent of Malloy and Evelyn*^ (hydrogenium peroxide, concentrated hy- 
drochloric acid, and alcohol) did not show consistent results. Andrewes” states 
that tincture of iodine gives a green color when added to a serum of obstructive 
jaundice, but an uncertain color when added to a serum of hemoh'tic jaundice. 
He obtained similar results with Fouehet’s reagent. 

DISCUSSIOX 

The results presented in this paper show that a real negative direct diazo 
reaction does not exist. In all cases a positive direct diazo reaction can be ob- 
tained by the photoelectric method as Avell as b}- the test tube method, but the 
time necessary for the development of the color and its intensity vary markedly 
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IJlLUtUDlN IN BODY l-'DUIDS 


, ...e t„,cs ot se.a, men aleoW »■><;, ^ 

serum (“indirect” ov 4unuUtatu-c reaclio ) 

every serum. Therefore, it is faii^ 'aiffereiitiate between “direct bili- 

concerned, it is not absolutely acciua “bilirubin direct negative” or 

and -indirect and Evelyn- 

“bilirubin indirect positive. It - „ fih-eet nhotoelectric curves in cases 

nsrfthewa-promptnesn- ^ teenbnjs 3.,.. 

of hemolytic jaundice winch sne a t method, is either “prompt," 

rubin in the blood serum, when tested by the direct metnoa, 



HEALINC HEPATIC JAUNDICE 

Chart 5.-Delayed direct diazo reaction" in a case of healing hepatic Jaundice. 

The qualitative van den Bergh test is believed to be of diagnostic value. 
When the incline of the photoelectric curves is studied, definite differences ap- 
pear between the direct prompt, direct delayed, and direct biphasie reaction. 
By correlating the values at one minute with those obtained after thirty min- 
utes, the difference between the three types of curves is striking. By means of 
the three test tube method, the prompt, the biphasie prompt, the biphasie de- 
layed, and the delayed types can be distinguished, especially, when one takes 
into consideration the time at which the orange-red color changes to purple. In 
addition to the direct diazo reaction the oxidation test may be of aid in classify- 
ing the different foims of jaundice. 

The presence of a prompt or biphasie-prompt direct diazo reaction and a 
prompt oxidation test exclude an hemolytic jaundice or a jaundice caused by 
decreased functional ability of the liver ceBs to excrete bilirubin to the normal 
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amount (e.g., familial nonhemolj'tie jaundice) (see Chart 4). These types of 
the direct diazo reaction and of the oxidation test indicate liver cell damage or 
an obstruction of tlie bile ducts. This fact is of particular clinical importance 
in cases of latent jaundice with a relatively low total bilirubin content. In 
such eases as cholelithiasis, cardiac failure, liver metastases, and arsphenamine 
intoxication the direct test tube diazo reaction, if prompt or biphasie prompt, 
and the oxidation test can reveal the presence of liver cell damage at once. On 
the other hand, a definite delayed dii-ect diazo reaction and a negative oxidation 
test (more rarelj'^ a diminished-delayed oxidation test) demonsti’ate the presence 
of a hemolytic jaundice or jaundice due to functional inability of the liver cells 
to excrete bilirubin in normal amount or a combination of both. The delayed 
(sometimes biphasie delayed) diazo reaction and the negative oxidation test ex- 
clude hepatic or obstructive jaundice. Only in the early stages and m the healing 
stages of hepatic or obstructive jaundice a biphasie delayed or even a delayed 
direct diazo reaction and a diminished-delayed or even negative o.vidation test 
can occur (see Chart 5). In such cases'the clinical picture and repeated qualita- 
tive examinations of the blood bilirubin in combination with quantitative 
examinations (icterus index) may help in arriving at the correct diagnosis. 

SiniMARY 

A study of the direct diazo reaction was made with the photoelectric 
colorimetric method, the three test tube method, and a qualitative oxidation test. 
The following facts emerged ; 

1. A prompt, a delayed, and a biphasie type of the direct diazo reaction can 
be distinguished. 

2. The oxidation test can be prompt, negative, or dimiuished-delayed in 
various types of jaundice. 

3. These methods are of diagnostic value, the most important being the 
photoelectz’ie colorimetric method. 
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STUDIES ON THE CLINICAL SIGNIFICANCE OP THE SERmi 

PROTEINS* 


I. The Protein Content op Norm-vl Hum.vn Venous .vnd Capillary Seruai 
AND Factors Affecting the Accuracy of Its Deterahnation 


Benmaaiin M. K1<vgan, M.D., Richaiond, Va. 


C hemical changes in the blood are becoming increasingly important in our 
interpretation and treatment of disease. In order for us either to interpret, 
our clinical data in terms of physiologic or chemical changes or to interpret lab- 
oratory data in terms of clinical significance, it is necessary that we study thor- 
oughly the changes of each chemical substance in the body under all circum- 
stances. 

To do this we must first of all have laboratory techniques available which are 
accurate and particularly simple and rapid enough to allow extensive investiga- 
tion and general use. The methods for hemoglobin, sugar, urine albumin, etc., 
are simple, rapid, and sufficiently accurate for clinical pui-poses. They are, there- 
fore, widely done, and their significance is generally appreciated. 

In the ease of blood protein concentration there has until recently been no- 
test which met all these requirements, and largely for this reason the importance- 
of the blood proteins has been Avidely underestimated. 

It is proposed in this report and in subsequent reports to show the im- 
portance of the blood proteins in disease. Herein we shall discuss the normal 
concentration of blood protein and its two constituents, albumin and globulin the 
methods available for determining these concentrations, and details regar'din" 
the collection, preparation, and handling of the specimen so as to insure maximum 
accuracy and greatest ease in obtaining the re.sult. 

aiethods 

The most accurate method for determining the concentration of total pro 
te^d Its constituents, albumin and globulin, is the KjeldahL Unfortunately, 

•From the Johns Hopkins and Sinai Hospitals, Baltimore 
Received for publication, April 13, 1942. 
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it is relatively difficult, expensive, and time-consuming. It is, therefore, not gen- 
erally available nor useful in the sense that the hemoglobin and urinalj’-sis tests 
are. 

There are in existence several colorimetric methods which, while less difficult 
• to use, do not approach the simplicity of usual routine tests, some of which are 
subject to errors up to 10 per cent. 

In 1937 I described a falling-drop technique,'’ - which is probably the most 
rapid and simple method for determining the total serum protein concentra- 
tion.^ Duplicate samples of the same speeimen analyzed by this method check 
well within 0.1 Gm. per 100 c.c., and the mean deviation of 107 different speci- 
mens of serum when determined by this method and by the macro-Kjeldahl was 
±0.16 Gm. per 100 c.c. This determmation can be done with as little as 0.1 c.c. 
of blood obtained from finger tip or vein and compares in simplicity with the 
hemoglobinometer. 

It is regrettable that there is no simple test for determining accurately the 
absolute concentration of albumin alone.* There are, how’ever, several simple 
tests which indicate Avhether or not the globulin concentration is above normal. 
To mention only two : the globulin precipitation testf and the formol gel test.i 
If by means of one of these tests it is determined that the globulin concentration 
is not elevated, then changes in the total protein concentration may be safely 
attributed to change in the albumin concentration. Tliis will be discussed in de- 
tail in subsequent papers on the behavior of albumin and globulin in disease. 
First, however, let us consider the effect of the manner of collecting, preparing, 
and handling the speeimen on the accuracy of any blood protein determination 
by any method. 

DET..ULS KEGAKDING COLLECTION, PREPARATION, AND HANDLING OF SPECLUEN 

Eowe' and others have found that the proteui content of a specimen is in- 
creased almost 0.2 Gm. per 100 c.c. for each minute that venous stasis is main- 
tained by a cuff around the arm. This is due to loss of water from the vascular 
bed. It is, therefore, advisable that blood should be collected within one minute 
of the application of the tourniquet. 

Peters and Van Slyke® have reviewed the phj-siologic factors which may 
affect the normal concentration of serum proteins. Hj'per ventilation (when suf- 
ficient to produce tetany), vigorous muscular exercise, and stasis of the blood 
caused by chilling are aU capable of increasing the protein concentration. When 
the body temperature is raised above normal, a lowering of the protein concentra- 
tion occurs; and when sweating causes sufficient loss of fluid, the opposite ob- 
tains. In eases where they are present, these factors need to be kept in mind. 

IVhen blood proteins are determined by any of the present colorimetric 
methods, it is necessary to use blood collected after a twelve-hour fast because 

•The fallins-drop principle has been applied for the determination of albumin and 
elobulin but the necessary precautions are too rigorous for routine use. Since only 27 deter- 
minations have been correlated with the Kjeldahl. this method cannot at this time be generally 

recommend ed.* 

fGlobulin precipitation test (Nauniann®) : Add 0.1 c.c. of serum to 1.0 c.c. of distilled 
water in a 10 mm. wide test tube. Saturate with alveolar air and read after fifteen minutes. 
If definite cloudiness appears, globulin concentration is said to be more than 3.0 Gm. per 
100 C.C. . 

fFormoI-gel (Bing«) : Add 2 drops of 40 per cent formalin to 1 ml. of serum and read 
after three hours’ standing at room temperature. Globulin concentration is elevated if tube 
Sn be inverted without losing contents. 
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the change hi amino acids iu blood I'ollowing food intake affects this method. Such 
changes iu the amino acids do not affect the Kjeldahl or drop methods. In four 
patients on regular hospital diets, from whom blood was drawn e\eiy three 
horns during the day and hourly after the noonday meal for four hours, there 
was no change in the scrum proteins greater than 0.2 Gm. per 100 c.e. when the 
determinations were done by the drop method. 

The following two experiments done by the falling-drop method suggest that 
it is advisable that no amount of fluid greater than 500 c.e. be ingested at any 
one time within four haul’s of the sampling: (1) Bach of 3 persons was given 
between 600 c.c. and 750 c.e. of water, and their blood proteins Avere folloAved 
at half-hour intervals. All 3 showed decreases in protein concentration Avhich 
averaged for the 3 a v’alue of 0.15 Gm. per 100 c.c. (2) Bach of 3 persons Avith 
minor surgical ailments Avas giA’cn 1,500 c.c. of tap Avater by mouth Avithin five 
minutes. Their blood changes Avere similar. The serum protein level fell grad- 
ually over the first hour after ingestion of the Avater to an average of 0.5 Gm. 
per 100 c.c. less than its original A'alue and returned to the previous level tAVO 
hours after ingestion. On a subsequent day the same persons were given 1,500 
c.c. of normal saline solution in similar manner. The serum proteins fell grad- 
ually oA’er a tAvo-hour period to an aA'ci’age of 0.9 Gm. per 100 c.c. less than the 
original value and Avere still in 2 eases 0.1 Gm. per 100 c.c. below the original 
value four hours after the ingestion. FolloAving the ingestion of 500 c.c. of tap 
Avater or normal saline, changes in protein concentration are definitely within the 
experimental error. In Anew of the foregoing experiments, therefore, it is recom- 
mended that no amounts greater than this be ingested Avithin four hom’s of 
sampling. 

Table I 


COMP-VRISOX OF THE Pp.OTEIN COXTENT OP SEP.CM WITH HEPAP.IXIZED AXD OX.VI..VTED PlASAIA 


SUBJECT 

P.ATIEST 1 

PATIENT 2 

i PATIEKT o 

METHOD 

1 KJELDAHL 

KJELDAHL 

KJELDAHL 

Serum 


6.11 

7.21 

Oxalated plasma 


6.06 

7.12 

Heparinized plasma 


6.71 

7.56 


In many previous investigations and in a number of modern texts no dis- 
tinction is made betAveen protein values for plasma or serum. The following ex- 
periment shoAvs that such a distinction is necessary. Blood Avas draAvn from 3 
patients. Prom blood draAvn into a single syringe, serum, oxalated plasma, and 
heparinized plasma were prepared. The proteins were determined by the macro- 
Kjeldahl method. The results are shoAvn in Table I. Oxalated plasma may con- 
tain the same or loAver concentration of protein than serum, even though it would 
logically be expected to contain about 0.3 Gm. more per 100 c.c. because it con- 
tain fibrinogen. Furthermore, the values obtained for oxalated plasma are not as 
reliable as those for sermn, probably because the amount of Avater AvithdraAvn 
from the red blood cells varies Avith the amoimt of oxalate Aised as well as Avith 
the varying effect that oxalate has on the cells of different persons. The values 
obtained for oxalated plasma would correspond to those obtained for serum only 
If the same amount of blood were ahvays niLxed together Avith the same amount 
of oxalate aaiUi an accuracy not usual in the lahoratorj’, and also if it Avere 
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true that the ceils of every person i-esponded in exactly the same manner to 
changes in surrounding osmotic pressure. Heparinized plasma may contain as 
much as 0.65 6m. per 100 c.e. more protein than o.xalated plasma because of a 
combination of these reasons. In a previous report- we found that values ob- 
tained for serum protein were definitely more consistent than those for plasma. 
For these reasons, serum should be preferred to oxalated plasma for use in de- 
termining the blood protein concentration. 

A series of experiments were done to determine the effect of the age of 
the specimen on serum protein concentration. These e-xperiments were done by 
the falling-drop method. A few specimens kept in rubber-stoppered tubes and in 
an icebox showed increases of over 0.2 Gm. per 100 e.c. when more than twentj'- 
four hours old. Tubes containing the same bloods, ))ut sealed with wax and kept 
in the icebox, showed no change even after three days. Specimens which were 
kept in nibber-stoppered tubes at room temperature for twenty-four hours oc- 
casionally showed changes as great as 0.7 Gm. per 100 c.e, AVhen cotton-stop- 
pered tubes, such as used in some hospitals, were left at room temperature, in- 
creases as high as 1.6 Gm. per 100 c.c. wmre noted in twenty-four houm. In 
view’ of these findings, it would appear safest to do the determinations within 
twenty-four hours and to keep the specimen in a well-stoppered tube in the ice- 
box. 

When a tube of blood is centrifuged without a cork, the concentration of 
serum protein may rise as much as 0.5 Gm. per 100 e.c. wiien spun at 3,000 r.p.m. 
for only fifteen minutes. Although a more detailed analysis of this factor was 
not attempted, the changes seemed to be directly proportional to the amount of 
exposed surface relative to the total volume of serum in the tube. Wlien well 
coiiced, a tube of blood may be spun at this speed for half an hour without change 
in concentration. 

When the blood w'as propeiij’ stored, there was no difference in the serum 
protein concentration whether the blood was centrifuged four or twelve hours 
after its collection or wiiether or not the serum wms separated from the clot be- 
fore it was stored. 

Hemolysis, brought about by shaking a tube of blood vigorouslj’, produced 
in general an increase of the protein concentration — occasionally of 0.5 Gm. per 
100 e.c. Occasionally hemolysis resulted in slight low’ering of jJi’otein concentra- 
tion. Apparently the effect depends on the proportion of wmter and hemoglobin 
lost from the red blood cells in the procedure. Since it is impossible to judge 
how great an effect hemolysis will have on an individual specimen, it is considered 
safer never to use a heraolyzed specimen for this analysis. 

In some cases where venous blood is difficult to obtain, it would be very 
useful to be able to determine the serum pi'otein of blood obtained from the fingei' 
tip or heel. This is especially true in pediatrics. Since the amoimt of blood so 
obtainable is not adequate for the macro-Kjeldahl technique nor for sufficient 
accuracy by the coloi'imetrie methods, no comparison of the serum protein con- 
centration of venous and capillary blood has been heretofore reported. 

With 0.2 c.c. of blood, which is easily obtainable from the finger tip, about 
three to five determinations of serum protein can be done by the drop method. 
It was found most convenient to collect this blood in small test tubes which 
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measure 35 mm. by 6 mm. and ,,,, bo placed ua yarn 

fits over the mouth to prevent f ,.,ee flow is obtained without 

water for a few minntes prior to J; eolleeted in thus manner 

sciueezing tis.sue fluid into the same arm at the same time^ 

was compared with venous of a tourniquet. In tests on 14 

The venous blood was collcetec 'M i . protein concentration beUsemi 

adults and 2 children the ^ ^qO c.e., and the 

venous and capillary blood wa.s «c^el concluded from tins expen- 

average difference was 0.0 ( Gm. l’|'^ ' ^o^j^titute for venous blood and for 

meat that capillary blood is a identical. 

.«„ap.u.po.st,.o..c.u.t.n,ay..co„„.ao.o 

X0RM.VL V.VLUE.S OK TOT.VU SK.UCM KKOTIUN -VND 

In 1933 Peters and of the values were between 6.3 Gm. 

normal persons. They found that 1’*^' ^ reported to date which is 

and 7.7 Gm. per 100 c.c. This is ^ Larger series have been re- 
based on persons who were luiovsn o i present report is to add 

ported but not on normal subjects. • done bv the falling-drop method 

to the data already collected with 

OP 160 ambulatory poKons tvbo ^ „„aants, 25 aludent 

Our analysis was done on t , . ^ physical examination, Wasser- 

nui’ses, and 50 blood donoi-s. On eac student had had a recent appendee- 
mann test, and urinalysis were one. fliscase and two had orthostatie 

tomy, one had inactive rheumatic jjj4. Their physical statius was 

albuminuria. Their ages ranged ^ in 20 per cent, and 

considered good in 52 per cent, robust in -6 pel , 

asthenic* in 2 per cent. ^^mn blood before and 

The donors were ^xamined^^ ^en'accustomed to hard manual labor in 

were selected ^^Ls on their blood differ in no respect from 

steel and tin plate mills, ia® 

that of the others. . . , •rv'flc fi 1 Gm 

The range of serum Gm. per 100 c.e. The in- 
to 7.6 Gm. per 100 c.c. ” g ^ per iqo c.c. had had a severe, 

tliv.d„.lmaletvh»eJ.-um P.ot 

tout.iiuous noscblcsd » ^ i„el i„s 7.0 Gm. pm 100 c.e. 

cauterization. One month latei • j ^ health except 

^ '""'BmiZiaTaliValloe^tes- report an average value of 6.93 Gm. per 100 e.c^ 
for 13 males and 7.6 ftm. per 100 e.c. for 8 females. Petei-s and Eisenman found 
no sex difference in their .series. The range for the 36^fenmles m thus series was 

6.3 G 

V 

f! 


10 sex difference in their .series. The range tor the 3b t_eniaies m tnis series was 
3 3 f!m to 7.6 (tm. per 100 c.c., with an average of 6.1 Gm. per 100 c.c. The 
range for the 114 males was 6.1 Gm. to 7.5 Gm. per 100 c.e., with an average of 6. < 
Gm. per 100 c.e. 


•Kor Ihc medical data on the^c students I am indebted 
N. B. ilcrmam 
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It ■svill be noted that most of the possible deviations from the standard 
technique used here cause an increase in the serum protein concentration. This 
may explain why previous investigators liave had a few more values between 
7.5 Gm. and 8.0 Gm. per 100 e.c. than are found in tliis report. Many investiga- 
tions reporting higher values than those reported by Peters and Eisenman and 
by us have been done on pei-sons who were not normal but who had diseases of 
various sorts which ivere assumed at the time not to affect the serum protein 
concentration. That values above 7.5 Gm. per 100 c.c. are unusual in normal 
persons is further confirmed by the fact tliat of 995 determinations of total 
plasma and serum protein by the macro-Kjeldahl method on 576 patients at the 
Johns Hopkins Ho.spital only 24 determinations on 20 patients gave values be- 
tween 7.5 Gm. and 8.0 Gm. per 100 e.c. Of these 20 patients 15 had diseases 
which w'ould be expected to cause an increase in the serum protein concentration. 
This will be discussed in more detail in a subsequent report. 

Throughout our work we have accepted the values for normal concentration 
of sei'um albumin and globulin to be those given b 3 ' Peters and Eisenman. They 
were based upon 50 Kjeldahl determinations on specimens from 34 normal per- 
sons. They are for albumin 4.0 Gm. to 5.5 Gm. per 100 e.c. and for globulin 
1.4 Gm. to 3.0 Gm. per 100 c.c. 


SUMMARY 

In order to minimize inaccuracies in the determination of blood protein 
which maj’’ arise during collection and handling of the specimen, it is advisable to 
proceed as folloivs ; 

1. Blood should be collected within one minute after the application of the 
tourniquet. 

2. Serum gives more accurate results than oxalated plasma and should, 
therefore, be preferred. 

3. Only nonhemolyzed serum should be used. 

4. The blood should be kept in a well-stoppered tube in an icebo.x, and the 
analysis should be done within twenty-four hours after collection of the blood. 

5. The tube containing the blood sample must also be well stoppered during 
centrifugation. 

6. It is advisable that no amount of fluid greater than 500 e.c. be ingested at 
any one time within four hours of the sampling. When all the conditions stated 
are maintained, a difference of protein content of 0.2 Gm. per 100 c.c. from 
sample to sample in following the course of a disease mar" be considered quantita- 
tively significant when either the falling drop or the Kjeldahl method is used for 
all the determinations. This, of course, does not appty when one determination 
is done by one method and another determination bj’ another method. 

Serum from capillary blood obtained from the finger contains for clinical 
purposes the same amount of protein as venous blood; and the same normal 
values, therefore, may be applied. Our technique for collecting capillarj- blood 
is given. 

The range of concentration of serum protein in 150 normal persons was 
found to be 6.1 Gm. to 7.6 Gm. per 100 c.e., and the average 6.7 Gm. per 100 c.c. 
Values greater than 7.5 Gm. or less than 6.0 Gm. per 100 c.c. should be eon- 
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sited abnormal until provod otbonviso. TUorc is no ditforcnce beUvocn the 
normal values lor total seruiu protein ni males and teinales. 
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THE RELATION BETWEEN SPECIFIC GRAVITY OF BLOOD SERUM 
AND ITS PROTEIN CONCENTRATION^ 


Joseph jM. Looney, M.D., Worcester, IMass. 


T he application of the falling-drop method for the determination of specific . 

gravity of blood plasma or serum proposed by Barbour and Hamilton^ has 
stimulated the adoption of this technique in many hospitals for the estimation 
of serum proteins. Because the method for the determination of specific gravity 
is very precise and accurate, many investigators have been led to the belief that 
the estimation of serum protein from specific gravity figures by the formula of 
Jiloore and Van Slyke^ is just as reliable. The formula 

Total Protein = 343 (sp. gr. -1.007), 

proposed by Moore and Van Slyke, Avas subsequently confirmed by Weeeh and 
ins co-workers.’’ * These investigators found that the correlation coefficient 
between specific gravity and total protein had the remarkably high value of 
0.994 for serum and 0.991 for plasma. They gave the folloAving equations for 
the regression line betAveen the tA\’o factors : 

For Plasma: 

P = 340.1 (sp. gi-.- 1.00687) ± 0.103. 

, .1 ^U:morial Foundation for Xeuro-Endocrine Research and the Research Service 

of tile AVorce.ster State Hospital. AVorcestcr. nesearcn s>er\ ice 

Received for publication. April 30. 1312. 
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For Serum: 

P = 347.9 (sp. gr.- 1.00726) ± 0.076. 

However, Zozaya,''' in a .study on the pliysicoehemical characteri.stic.s of blood 
sera, found a correlation coefficient of only 0.28 ± 0.062 between total .sernin 
protein and specific gravity. lie thought that his failure to obtain better results 
might have been due to the use of serum rather than pla.sma. Against this inter- 
pretation, however, is the finding of Nugent and Towle® that the specific gravity 
of synthetic solutions of .serum albumin and .serum globulin was a function of 
the total concentration of protein regardle.s.s of the di.slributions between the 
two substances. A recalculation of their data gives the following regression 
equation : 

Total Protein = 366 (sp. gr. - 1.0067). 

For several years we have been accumulating data on the relationship be- 
tween the protein content and the specific gravity of blood sera. We have not 
been able to confirm the findings of IMoore and Van Slyke- or of Wceeh and his 
collaborators®' * that there is a high correlation between specific gravity and 
serum protein, and that the percentage of protein in a given serum can be 
predicted with a high degree of accuracy. 

METHODS 

The material for our study has been drawn from three sources : first, from 
a group of 14 schizophrenic patients who were studied under basal conditions at 
four different times ; second, from a group of 10 normal persons who were studied 
under basal conditions on two different days; and third, from a group of 12 
patients undergoing diathermy therapy who were tested on two different days, 
before the treatment was begun, at the time that the temperature reached the 
maximum desired, and finally after the temperature was held at this point for 
three hours. The specific gravity was determined by the falling-drop method of 
Barbour,® using a solution of potassium chloride of density 1.0343 as the standard 
of comparison. The total protein was determined by the turbidimetric method 
of Looney.®’ ® All determinations were made in duplieate. 

The use of the turbidimetric method for the determination of the total 
protein in our hands has given results which statistically show less variation 
in duplicate determinations than the standard Kjeldahl method. In a series of 
20 sera analyzed for total protein in duplicate by both methods, the following re- 
sults were obtained: The Howe method gave a mean difference between 
duplicates of 0.052 mg., with a standard deviation of 0.051 mg. The Looney 
method gave the values of 0.046 and 0.034 mg. The mean of the differences 
between means of the duplicates of both series was 0.096 mg., and the standard 
deviation was 0.069 mg. It is evident, therefore, that there is no significant 
difference between the methods, and that the variance of the Looney method is 
somewhat lower than that of the Howe method. In this connection it may be 
pointed out that only the colorless dx-ops of ghatti gum should be used in the 
preparation of solutions. If difficulty is experienced in obtaining a good quality 
of o'um, then 2 per cent duponol can be used as a dispersive reagent. 
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hypothesis. Marked hemoconeentration takes place during the period of fever 
despite the administration of copious amounts of water. The protein content of 
the blood would not be expected to change during the period of the experiment 
and should furnish a reliable measurement of the amount of fluid loss. If the 
.specific gravity furnishes a reliable index of the total protein content of the 
blood, then a high degree of correlation should be found in each person tested. 
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»• « 
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» « 
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1.0290 • 

o 

«] 

■ - ‘ — » 1 1 - — 
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Fig, 2.— Correlation between specific gravity anti serum protein in normal subjects. 

The results of these experiments are plotted in Fig. 3. It will be noted that 
in some cases there is such a relationship and the three points can be connected 
by a line which is straight, or nearly so. In other instances, however, no such 
relationship occurs, and in one ease a fall in specific gravity is associated with an 
increase in total protein. Moreover, in those eases in which a straight-line rela- 
tionship was found between the specific gravity and total protein of the serum, 
the slopes of the lines were not the same. This fact makes the use of any single 
formula unsuited for the calculation of protein from specific gravity. An inspec- 
tion of the figure will show that tliere is a wide spread in the values for specific 
gravity for the same value of total protein and an even greater spread of total 
protein for given values of specific gravity. The correlation coefficient for all the 
values is 0.563 and the regression equation is : 

Total Protein = 315 (sp. gr. - 1.0046 ) . 

The means for the total protein for the three periods were 6.60, 6.97, and 7.58. 
The corresponding values for the specific gravity were 1.025S, 1.0267, and 1.0283, 
and for the hematocrit readings were 40.01, 41.42, and 43.04. The correlation 
between the serum protein and the hematocrit reading was very low, since the 
coefficient was only 0.134 and there; was no correlation between the specific 
gi'avity and the hematocrit reading. 
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DISCUSSION' 

The results ot our investigations show that tiic .specific ‘gravity ot; blood 
serum is not a simple function of the concentration of protein and that the 
degree of error in calculating the protein value from the specific gravity in any 
individual case may be very large. This finding is not unexpected, since the 
amount of salts and fat in the serum should have considerable influence on the 
final density of the scrum. 



PROTEIN PER CENT 

F>B. 3. — Correlation between specific grravity and serum protein during diathermy Lines con- 
nect readings ot individual patients. 


Our experiments on the changes in protein concentration and specific gravity 
during the course of diathermic therapy indicate that the concentration of the 
serum proteins serves as a better indicator of fluid changes in the blood than 
either .specific gravity or hematocrit value. This type of experiment should pro- 
vide a crucial test of the relationship between density and protein concentration 
sluice the total amount of circulating protein should remain virtually unchanged 
during the course of the experiment and the concentration should varj^ directlv 
with the amount of fluid lost from the blood ve.ssels. As a result the study of a 
smaller number of cases should provide as much information as that of a larger 
number of unrelated tests on a group of pei-sons selected at random. 

It is also evident that, although the amount of change in specific ^n-avitv 
pioduced by a given change in the concentration of serum m-cMn - n 
lairly constant in a single pei-son, it is not the same for all persons The rJ 
Sion cduatioii for a group would give a fair indication of the mean imlationlhi^ 
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between the density and tlie iirotcin concentration, but tliis ivonld not liold for 
any single person. 

These results are in agreement with the conclusions reached liy Zozaya al- 
ready quoted, ° and also ivith the findings given by him in a later paper.“ He 
gave figures showing that 12 samples of sera, each having a total protein concen- 
tration of 6.59 Gm. per 100 c.e., had specific gravities ranging from 1.0951 to 
1.0277. The protein concentration calculated from these specific gravities by the 
formida of IMoore and Van Slj'ke ranged from 6.21 to 7.10 Gm. per 100 c.e., or 
using the formula obtained from the data in this paper, from 6.46 to 7.2S. Jn 
another group of 9 persons, all having a specific gravity of 1.0272 or 1.0273, the 
total protein values varied from 6.70 to 7.36 Gm. per 100 c.c. The calculated 
protein for these .specific gravities would be 6.93 or 6.96 Gm. per 100 c.c. by 
Moore’s formula and 7.12 or 7.15 Gm. per 100 c.e. by mine. The agreement be- 
tween the mean protein value of 7.01 Gm. per 100 c.c. and those calculated from 
the foregoing formulas is good, but the variation from individual readings is 
rather high. 

Similar findings were obtained by Jloon and his collaborators’'’ in a recent 
article on shock and hemorrhage. They found that during shock the specific 
gravity increased wliile the serum proteins decreased. In hemorrhage, however, 
both variables were diminished. In these e.vperiments a decrease in tlie concen- 
tration of protein occurred during the period of hemoconcentration following 
shock, but this loss of protein was not indicated by the specific gravity which 
increased because of the action of other factors, such as tlie increased concentra- 
tion of nouprotein nitrogen and salts e.xcept chlorides. 

Barbour” has adopted the method for the estimation of serum albumin 
by determining the specific gravity of the supernatant solution from an equal 
mLxture of serum and saturated ammonium sulfate and comparing it Avith a 
standard solution of ammonium sulfate. Altliougli the standard deviation for the 
serum albumin estimated from the specific gravity diffei'ed from that obtained 
by HoAve-Kjeldahl method by only 0.32 Gm. per 100 e.c., a study of the graph 
indicates that for any single ease much larger differences may be found. Thus, for 
a serum albumin value of approximately 3.70 Gm. per 100 c.c., the specific gravity 
Avaries from 1.0245 to 1.0268, and for a specific graA'ity of 1.0245 the serum 
albumin A'aries from 2.30 to 3.70 Gm. per 100 c.e. While the method can be used 
for the determination of the mean A'alue of the scrum albumin for any given 
group Avithin the accuracy indicated by' the author, the application to any' 
specific ease is fraught Avith considerable danger since this may iuvoh’e errors 
in such instances as great as 50 per cent. 

A consideration of the data giA’cn in this paper, as Avell as those obtained 
from other authors, indicates that the correlation betAveen serum proteins and 
specific gravity is not sufficiently' close to permit accurate estimations of the 
former A'ariable by a determination of the latter. 

SUMiLARY 

The relationship betAA'een the specific gravity' of serum and its protein con- 
centration Avas determined repeatedly in a group of schizophrenic patients and 
also in a group of normal subjects. During diathermy' the effect of prolonged 
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fever on the serum proteins aiul speeitic gravity was studied in a third grouj) of 
paretic patients. The correlation between tlie two variables was found to be too 
low to permit accurate estimation of the serum proteins of persons from the 
specific gravity values. 
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MEDICAL ILLUSTRATION 


Editorial Comment 

III consideration of tlie fact tliat physicians often speak during tlie showing of motion 
pictures that are neither titled nor recorded in sound, the following article should prove of 
considerable value as a guide to judging word spacing and timing between sequences. This 
article should also be of value to the scientific worker who plans to have sound recorded on 
a previously prepared film. In such a case exact timing is of utmost importance. It is 
logical to reason that with the development of sound recording devices and the obvious re- 
duction in price that has rapidly taken place in the last few years, the sound motion picture 
for technical use, as in teaching and reporting at scientific meetings, will eventually replace 
silent films entirely. 

It is worth bringing to the attention of the illustrator and physician the fact that 
sound can be dubbed in on practically any silent motion picture. Sound projectors and 
projectionists are usually supplied for the use of speakers at most of the larger meetings. 
The average sound projector costs about twice as mucii as a silent projector. 

For those persons wishing to study the picture along with the te.xt, prints of the pic- 
ture may bo obtained from tlie autlior at a nominal co.st. 

TEXT OF THE IIOTION PICTURE: A LECTURE ON THE 

SPIROCHETES*' 


Theodor Ro.SEBrRY, D.D.S., New York, N. Y. 


PHOTOMICROGRAPHS OF SO-ME OF THE PARASITIC AND PATHOGF.NIC SPIROCHETES AND 
spirilla as THEY APPEAR UNDER THE DARK -FIELD MICROSCOPE 


(Magnification is uniform tliroiighout, about 160 diameters on the film. 
An approximate scale in microns is given.) 


Note . — The text is prepared to be read as the film is shown at standard silent speed, 
10 frames per second. Numerals in parentheses, e.g., (ISO), indicate tlie approximate rate 
of reading in words per minute. Other directions for reading are also given in italics in 
parentheses. Titles are given in capitals as section headings. 

(Begin reading on the first dark-field scene) (150) The spirochetes are dis- 
tinctive microorganisms, characterized as unicellular spiral filaments with a 
flexible body, motile ivithout flagella. Thej'^ are classified among the bacteria 
as a separate order, but thej' are sometimes considered intermediate between 
bacteria and protozoa. (Wait 5 seconds) We are going to examine the parasitic 
spirochetes individually and look into their relationships in disease. Before we 
do so let ns make some general observations on the group as a whole. 


•From the Department of Bacteriojosy. Colleg-e of Pliysicians and Surgeons, and tlie 
School of Dental and Oral Surgery. Columbia University. New York City. 

Thio film was shown at the Forty-Third General Meeting of the Society of American 
v!„„i»Hnloirists Baltimore. December 30. 1S41. It was made to be used as a generai lecture 
Sr medicS Sd dental students. Copies of the aim may be obtained at the cost of printing 
from the negative. 
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MOlU’UOLOOY AND Cl.ASSU''lCATIOX Of .SflUOCIlKTKS AND Sl’IIJILLA 

fOii ch(irt) (120) We recognize iivc geneva of spivoehetes, shown here 
(liagrammatically with a group of spirilla for eomparison. Let us look at them 
individually. (Chart builds profjrcssivcbj; time to animation) (150) Tlie genus 
Spirochacta properly inelucles only eertain large spirochetes. Part of one is 
shown here. They occur as free-living forms in water and are not pathogenic. 
They have a spiral axial filament and regvilarly disposed granules. The genus 
Cristispira is likewise of no medical importance. These spirochetes usually occur 
as parasites in the alimentary canal of shellfish. The\' are large forms with a 
crest or crista, a flexible membrane wound spirally around tbe spiral organism. 
They have granules and a chambered structure. The genus Saprospira, also not 
important medically, consist.s of spirochetes free-living in foraminiferous sand. 
They resemble eristispiras, but have no crest. 



Fig. 1. — Chart of morphology' and classification of spirochetes and spiiilla. Numbers correspond 

with those given in the text. 

(130) The generic name Treponema is used here to include most of the 
spirochetal species which are parasitic and pathogenic for man and animals. 
Tlie treponemas usually show no details of internal structure. They are spiral 
filaments differing in width and in the nmnber and shape of their spirals. These 
five forms, with theii- differences exaggerated in the drawings, are all represented 
m the photomicrographs : ( time to animation) 1, the relapsing fever spirochete 
intermediate in thickness and winding; 2 and 3, the large spirochetes of mucous 
membranes, loosely wound, thin, or thick enough to show double contours; 4, 
the small spirochete of mucous membranes, thin, tightly wound, with shallow 
spirals; and 5, of which the spirochete of syphilis is tlie type’, thin, tightlv 
wound, with somewhat deeper spirals. 

(130) The fifth and last genus of spirochetes is Leptospira, which includes 
both sapiophytic and pathogenic species, aU of which look somewhat like this. 
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The leptospiras are much more closely wound than the treponemas, and, charac- 
teristically one or both ends is bent to form a hook. . 

(130) The genus Spirillum belongs with the true bacteria, not with the 
spirochetes. The spirilla are flagellated and more or less rigid bacteria. The 
two forms shown at 6 are t.ypical spirals or portions of a spiral, with flagella 
peritriehous or polar. Other spirilla, as shown at 7, are curved rods with pointed 
ends. The rat-bite fever spirillum is 8, short, thick, with rather closely set 
spirals, and with a tuft of flagella at each end. All these spirilla appear in the 
photomicrographs. 

THE DARK-FIELD .MICROSCOPE 

(On diugram) (120) Dark-field examination at high magnification requires 
a substage reflecting condenser. This is a bieentric condenser, one of several 
kinds available, shown in place under a slide with the objective in position. The 
condenser has two reflecting surfaces, one concave and one convex. The whole 
condenser-slide-objective system must be made uniform in refractive index; 
therefore, oil is placed both above and below the slide. 

PATHWAY OF LIGHT 

(150) A narrmv pencil of light passes from the mirror to fill the convex 
reflecting surface, which reflects it so as to fill the concave reflecting surface, 
and this concentrates the light to form a hollow cone. The cone is focused and 
centered in the plane of the specimen and in the optical axis. Incident light is 
stopped by a diaphragm in the objective, and onty light reflected off particles 
in the field reaches the eye. The particles or microorganisms are thus illuminated 
like dust in a beam of sunlight entering a darkened room; they appear bright 
against a black background, and look larger or thicker than they really are be- 
cause we see a halo of light around them. 

(On preparation of the slide) (120) In preparing a slide for use under the 
dark field it is best to use a vaseline seal on the coverslip. Here vaseline is applied 
from a test tube with a ^vooden applicator. The seal prevents drying of the film 
and precludes drifts in the field -which result from evaporation at the free edge of 
the film. (iVait 5 seconds) Both coverslip and slide must be scrupulously clean; 
bubbles should be avoided in the film since they reflect much more light than 
do microorganisms. The coverslip is pressed do-^vn to make a perfect seal. 

(At microscope) (135) A small di’op of oil is placed on the cover slip, and 
a larger drop on the under surface of the slide. A strong light source is used, 
such as an arc or a concentrated filament lamp. The light is focused through a 
collecting lens to a bright spot on the plane mirror, and the mirror is adjusted so 
that a concentrated beam of light fills the convex reflecting surface of the con- 
denser. The objective diaphragm is stopped dowm, and the condenser is centered 
and focused so that the apex of the hollow cone of light falls in the optical axis 
and in the plane of the object. When this is done we see under low magnifica- 
tion (bright spot appears) a spot of light like this, which changes symmetrically 
to a ring of light as the condenser is racked either above or below the focus. 
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TKEI’OXEMA 


IlECUltUENTIS EHOM TIIK 


BLOOD OF AX INFECTED 


KAT 


(Clipping tail) (120) A drop ol blood from a rat infected ^yltll relapsing 
fever spirochetes is obtained by clipping the tail. The blood must be diluted for 
dark-field e.xaminatioii in order to separate the cells. The covers ip las pie 
viously been prepared with vaseline and a suitable diluting flui , suer as lo 
(On dark field) (130) Here we sec red blood cells and Treponema recur- 
rentis in a diluted rat blood film under dark field. (^^ ait 2 secon s) e 
discovery of these organisms, reported by Obermeier in 1873, broug t out no 
only the first pathogenic spirochete but also one of the first microorganisms of 

any kind to be associated ivith disease in man. _ 

(Wait 3 seeonds) The motion of all spirochetes can be analyzed into three 
components ; rotation around the long axis, flexion, or bending of the o y, an 
translation or movement from place to place. The relative prominence of these, 
components is a species characteristic, but varies considerably even in a 
single preparation. These spirochetes show active rotary movements and mod- 
erate fle.xion, but little translation. Others, taken from the same animal, which 
you will see a little later, show active movements of translation. 

(Wait 3 seconds) Kelapsing fever in man, as the name implies, is charac- 
terized by several sharp paroxysms of fever separated by irregular periods 

during which the symptoms are absent. 

(Progressive movement begins) (150) There are two general types of re- 
lapsing fever. One, the so-called European type, is spread from man to man by 
the body louse, has occurred in severe epidemics, and often accompanies typhus 
fever. Both diseases are spread by lice, and, as the louse vector suggests, they 
are associated with poverty and crowding. Louse-borne relapsing fever is 
caused by Treponema recurrentis, a strain of which you see here. (Wait 3 sec- 
onds) The other type of relapsing fever is spread by ticks, which parasitize 
ground squirrels and other wild rodents. This type of the disease in man is 
sporadic rather than epidemic. It occurs in Africa and in South and Central 
America. Scattered cases have been reported in several parts of this country. 
Spirochetes have been recovered on numerous occasions from ticks taken in 
rodent burrows, especially in the western and southwestern states. The spiro- 
chetes of tick-borne relapsing fever are morphologically identical with the louse- 
borne strain you see here. 

(Wait 3 seconds) (150) In relapsing fever in man, spirochetes occur in 
the blood during the onset phase of each paroxysm and diminish in numbers 
with its decline. They may be absent or difficult to find during the afebrile 
intervals. Dia^osis in man is best made by dark-field examination of a 
diluted blood film such as this, although staining methods can likewise be msed 
on fixed films. The patient’s blood should also be injected intraperitoneally into 
mice or rats, which are then examined for spirochetes in the blood after twenty- 
four to forty-eight hours. (Elapsed time 12 minutes, 23 seconds) 


THE IIOUTH SPIROCHETES AND ASSOCIATED BACTERIA IN EXUDATES FROJI FUSO- 


SPIROCHETAL ANGINA AND GINGIVITIS, AND FROM OTHER ilOUTH DLSEASES 

(On patient) (150) Here we see the method of removing exudate from a 
case of Vincent’s or fusospirochetal gingivitis. To provide enough material for 
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cultures and animal inoculation, as well as for smears and dark-field examination, 
(making suspension) a heavy suspension is made in 1 c.c. of broth. 

(On dark-field) (135) Spirochetes similar to those of the inouth may also 
be found on the genitourinary and intestinal mucous membranes, and in a group 
of pathologic processes known collectively as the fnsospiroelietal infections. Sev- 
eral kinds of bacteria always accompany the spirochetes from any of these areas 
or disease processes. Among these bacteria (fusiform hacilli appear) are 
fusiform bacilli, of which one of several types is shown here ; ( motile rod) 
various motile bacteria, such as this small organism traveling in a circle, and 
filaments, as seen at the left; (vibrio) also vibrios, sometimes showing one or 
more polar flagella. Various cocci are alwa.vs present. (Spirillum) Here is a 
spirillum, a characteristic mouth oi’ganism. Note the flagella. (Motile spirillum) 
And here is an actively motile spirillum of a different type. 

THE .MOUTH SPIROCHETES : TREPONE.MA VINCENTI AND TBEPONEJIA BUCCALE 

(On dark field) (150) These large loosely wound spirochetes of mucous 
membranes are easily distinguished from the smaller tightly wound forms, par- 
ticularly when they are in active motion. Notice how these organisms (spurts) 
move forward in spurts, spinning rapidly and stretching their spirals almost 
taut as they spin, then stopping momentarily, relaxing, and reforming their 
spirals. This is a characteristic picture. 

(Wait 2 seconds) (140) The names Treponema vincenti and Treponema 
huccale are applied to long loosely wound spirochetes which differ only in thick- 
ness. Treponema vincenti is the thin form, u'hicli appears as a single ivhite 
line, or, as we saj% is single contoured. Treponema huccale is thick enough so 
that light reflected off its opposite surfaces is resolved separately. It, there- 
fore, appears as two white lines separated by a dark line; in other words, it 
shoM'S double contours. Both spirochetes appear in these preparations, along 
with smaller spirochetes and various bacteria. 

(150) These microorganisms can be demonstrated in small numbers in al- 
most anj’- mouth in which teeth are present, in material taken from the gingival 
crevice. They are not easy to find on really clean and healthy tissues, and never 
occur on such tissues profusely. Large quantities are indicative of a pathologic 
process. 

(On heavy field) (150) Enormous numbers, like these, may, nevertheless, 
be found in a -wide variety of pathologic conditions, and the number is not an 
index of severity. The condition may vary from a mild, localized inflammatory 
or ulcerative process all the Avay to fatal fusospirochetal gangrene, without any 
significant difference in the dark-field picture. 

(Double contoured form) Note the double contours on the spirochete mov- 
ing vertically. This is Treponema huccale. 

(Wait 5 seconds) (150) Spirochetes found normally or in fusospirochetal 
lesions, in the anogenital region, have been given distinctive names, although they 
closely resemble the mouth spirochetes. For example, a genital spirochete called 
Treponema refringens looks like the large spirochetes of the mouth. It is im- 
portant to distinguish these organisms from the spirochete of syphilis. This is 
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Vincent’s infection. In lung abscesses d 1 

tions, moreover, these ^ be demonstrated under the 

chetes, small fusiform bacilli, and othei bac 

dark field. (End of reel 1; elapsed time 19 minutes) 

TREPOXE1I.V mCRODEXTIUn -VXD OTHER SM.VLL MOUTH SPIROCHETE.S 

(On dark fieU) (150) These tightly wound spirochetes of the mouth and 
other mucous membranes, commonly found along ndth the larger ones, are in- 
teresting for two general reasons. First, the small spirochete called Treponema 
microdentium is morphologically similar to Treponema pallidum, so that dif- 
ferentiation of the two foi-ms is important in the microscopic diagnosis of .sj^h- 
ilis. Second, the small spirochetes of the mouth seem to be essential members 
of the fusospirochetal flora, perhaps the most important of the group of micro- 
organisms which appear to be responsible for Vincent’s infection. V e will con- 
sider both points in greater detail as we proceed. 


MOUTH SPIROCHETE.S IX EXUDATE FROM INFECTED GUINEA PIGS 

(On guinea pig) (150) Material containing the fusospirochetal flora, for 
instance, the exudate from Vincent’s infection, pyorrhea or a lung abscess, ivhen 
inoculated subcutaneously into the groin of a guinea pig, produces transmissible 
lesions which may take the form of a large necrotic abscess like this ( 120) or 
appear as a fatal diffuse gangi-ene of the subcutaneous tissues. In either case 
an abundant exudate, foul and usually fluid, can be aspirated from the lesion 
with a syringe, as shoum here. (Wait 5 seconds) This abseexs easily j-ielded 
about 5 c.e. of pus; some lesions contain 50 c.c. or even more. (Wait 3 seconds) 
The pus is frequently greenish, but may be cream colored. (Wait 3 seconds) 
In this instance it was bloody and dark in color. ( On hike) It always has 
the foul odor characteristic of all fusospirochetal infections. 
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(On dark field) (120) Examined miei’oscopieallj', the exudate from a 
guinea pig lesion usually shows fewer of the large spirochetes, particularly after 
several passages through guinea pigs. Treponema microdentium and other 
small spirochetes predominate, accompanied by bacteria of fewer varieties than 
are seen in the original human lesion material. Guinea pig i^assage eventually 
eliminates aerobic and gas-forming bacteria and many nonpathogenic anaerobes. 
The more limited flora that persists seems to represent the more pathogenic 
types; the smaller spirochetes, smaller nonmotile fusiform bacilli, and gram- 
negative rods of the Bacteroides group, as well as vibrios, streptococci, and 
other cocci. The whole flora in a stabilized guinea pig strain is anaerobic so 
that altliough the exudate contains myriads of living microorganisms, aerobic 
cultures made from it remain sterile. 

(Pallidum-like spirochete appears) (150) Here is a form of Treponema 
microdentium which closely resembles Treponema pallidum. The two can be 
distinguished by their motility with some diffieulty, as we shall see. When these 
spirochetes are not actively motile, as in this instance, the distinction becomes 
extremely difficult, if not impossible. 

TREPONEJIA MICRODENTIUM AND OTHER SJIALL SPIROCHETES PROM CULTURES 

(On plate) (150) Treponema microdentium and the other small spirochetes 
of the mouth can be cultivated without great diffieulty. Here we see a culture 
of spirochetes in a small Petri plate being sampled with a capillary pipette by 
removing a portion of the medium containing spirochetes to a cover slip. The 
spii’ochetes grow in the depths of the medium, which is a solid nutrient agar 
containing ascitic fluid or serum idtrafiltrate and minced fresh sterile tissue, 
inoculated by a special technique and incubated in an anaerobic jar. 

(On dark field) (120) Treponema microdentium is a small spirochete with 
regular eloselj' wound coils. Some of the spirochetes seen here are small loosely 
wound forms, pz’obably distinct from Treponema microdentium but as yet of 
uncertain nature. (M^ait 2 seconds) The raotilitj^ of Treponema microdentium 
is characterized by rapid rotation, often with active movements of translation. 
When movements of flexion are present, they frequently appear jerky or awk- 
ward, thus suggesting that the organism is relatively stiff. 

(Wait 0 seconds) (120) These are the spirochetes which appear to 
be the contributing pathogens in fusospirochetal infections. They predom- 
inate in experimental lesions in guinea pigs and in internal fusospirochetal 
processes in man. Moreover, it has been reported that typical and transmissible 
fusospirochetal lesions could be produced in guinea pigs with combinations of 
pure cultures of four species: Treponema microdentium, a small fusiform 
bacillus, a vibrio, and a streptococcus, all anaerobes. Typical lesions could not 
be produced with any other or any lesser combination of species. 

TREPONEJfA PALLIDUM FROM THE TISSUES OF INFECTED R.VBBITS 

(On rabbit ) (160) The testicle of this rabbit, which is infected with Treponema 
pallidum, shows a large chancre. The chancre in rabbits, as in man, is an in- 
durated swelling with surface ulceration that becomes encrusted. Material taken 
from the indurated tissue under the crust by aspiration witli a capillary shows 
the characteristic spirochetes, 
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(On dark field) (120) Treponema pallidum, sometimes called Spirochueta 
pallida, varies considerabh' in length, as do all spirochetes. Otlierwise this 
organism is uniform in morpliology, whether taken from the rabbit or from 
human lesions. Its coils are closely and regularly wound, often a little deeper 
than those of Treponema microdentium. Treponema pallidum is delicate; it 
never .shows double contoui’s under dark field. ^Vhen it is not motile it re- 
sembles Treponema microdentium so clo.sely that it is difficult, if not impo.ssible, 
to tell them apart; but the tw’o can be distinguished on the basis of motility, 
firaff 2 seconds) Treponema microdentium, as we have seen, shows rapid ro- 
tation, frequently with active progressive movements. Its movements of flexion, 
when present at all, are rather awkward and give an impression of stiffness. 
(Wait 2 seconds) Treponema pallidum shows slower, more deliberate movements 
of rotation. Progressive movement is usually absent. The organism does not 
dart rapidly across the field. If it moves at all, it usually moves rather slowly 
and not far. (^Yait 2 seconds) The spirochete of syphilis is characterized es- 
pecially by its flexibilitj'. It appears soft and its movements are, on the whole, 
graceful. It often looks like a streamer floating gently in the breeze. It has 
a certain dignity and elegance, befitting the aristocrat of spirochetes. Treponema 
microdentium, on the other hand, is the upstart, nervous and aw'kward in its 
movements. Treponema pallidum often exhibits a shimmering effect because 
of the combination of rather slow rotation wdth soft bending movements. 

(Wait 3 seconds) (120) A demonstration of Treponema pallidum under 
the dark field is essential for the diagnosis of primary syphilis, and is also useful 
for rapid diagnosis in the secondary stage. In either instance, and particularly 
when the lesion is on or near a mucous membrane, contamination with nonspecific 
spirochetes should be avoided by expressing or aspirating fluid for dark-field 
e.xamination from the depths of the lesion after carefully cleaning the surface. 
When the occurrence of Treponema microdentium or similar nonspecific or- 
ganisms cannot be avoided and positive differentiation cannot he made, it is 
best to aspirate from a lymph node draining the area of the lesion. 

(Sperm appears. Wait 3 seconds) (150) Treponema pallidum ^vas not dis- 
covered until 1905, when Schaudinn and Hoffmann described it, along with 
Treponema refringens, in preparations made from syphilitic lesions. Treponema 
pallidum cannot be identified by ordinary methods. It cannot be cultivated by 
any of the methods used to grow bacteria; it does not stain with aniline dves- 
and it is so delicate that it can hardly be seen at all in rmstained preparations 
by direct illumination. Schaudinn and Hoffmann, nevertheless, discovered it 
without the use of dark-field illumination in fresh and in Giemsa-stained prepa- 
rations. 

(Wait 5 seconds) (130) The in vitro cultivation of virulent Treponema 
pallidum remains an unsolved problem. Noguchi and a few’ others have re- 
ported the cultivation of virulent spirochetes; other workers have either failed 
completely to grow’ them, or have obtained only avirulent spirochetes in culture 
which may not have been true pallidum at the beginning. Virulent Treponema 
pallidum is best grown and maintained for study in living tLssues, eommonlv in 
the testicles of rabbits. In the rabbit testicle it produces a syphiloma or in 
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durated swelling which inaj* or may not ulcerate and form a chancre. This 
lesion usuallj’’ appears in about three weelis, which is also the average incubation 
period of the chancre in man. Tlie passage from rabbit to rabbit can be made 
in indefinite series. This is the Nichols strain of pallidum. It has been passed 
from rabbit to rabbit for about thirty A’ears. In 1925 it was found pathogenic 
for man after accidental inoculation. 

(Wait 5 seconds) (150) Experimental syphilis has been produced in chim- 
panzees and in some species of monkeys, as well as in rabbits. In the famous 
experiments of Metehnikoff and Roux on chimpanzees in 1903, two years be- 
fore the discovery of the organism, all of twenty-two apes inoculated with human 
lesion material developed chancres and lymphadenitis, and some had secondary 
lesions. i\Iost of the animals died of bronchopneumonia and no tertiarj' lesions 
developed. (135) Lower monkeys show only primary lesions. Rabbits are 
easier to infect than apes, and are the animals of clioice for in vivo culture and 
for study of the experimental disease. In addition to the primaiy lesion they 
may develop generalized S3’^philis, with lesions that resemble both secondaiy and 
tertiaiy phenomena in man. 

(Wait 5 seconds) (135) Mice, rats, and guinea pigs also can be infected 
with Treponema pallidim, but they usuallj" show no lesions and spirochetes may 
not be demonstrable in their tissues. Their Ij'mph nodes, spleen, and brain ma}', 
nevertheless, remain capable of infecting rabbits. 

(On active movement) (120) The spirochetes shown in these preparations 
are as active as Treponema pallidum is ever likelj' to be. Notice that some of 
them show progressive movements, but that the.y move more sIoavIj' than 
Treponema microdentium, and much more slowl.v than the larger looselj’’ wound 
spirochetes. 

treponema pallidum FR03I LE.SIONS IN JIAN 

( On dark field) ( 120) These preparations were made from penile chancres. 
(Wait 2 seconds) Primaiy lesions in man often yield no more than one or two 
spirochetes per microscopic field ; in fact, it maj' be necessaiy to search for the 
organisms and to make a diagnosis on seeing onlj’ one or two typical spirochetes. 
(Wait 2 seconds) Secondary lesions of the skin also show few spirochetes, as a rule, 
whereas secondaiy lesions on or near mucous membranes, mucous patches or 
condylomas, may show large numbers of pallidum. Skin lesions maj", nevertheless, 
be more suitable for microscopic diagnosis, particularlj' bj-^ the inexperienced 
worker, because thej" are much less likel,v to be contaminated with nonspecific 
spirochetes. In any case, the surface of the lesion first should be cleaned carefullj’ 
and fiuid for microscopic examination expressed from the depths of the lesion. 

(Wait 5 seconds) AVith a well-adjusted dai'k field, look carefullj’ for double 
contours or for active progressive movements. Spirochetes showing either of 
these are not Treponema pallidum. 

(Wait 2 seconds) (100) The spirochete of sj'philis, as shoivn here, and this 
is worth repeating, is delicate, single contoured, and regularly wound with 
rather deep coils. It is flexible and graceful in its movements, rotates but’ does 
not spin rapidly, seldom moves from place to place, and if it does so generalh" 
mov'es rather slowlj'^ and not far. 
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1 ^cr^monts flirectly from 16 mm. negative frames. ^lagnxfica- 
Fig. 2.— All figures jr® cnlarg^en^ts Jg^urreiKii (iiouFi strain) in ratblMd: 2 and 

lion as reproduced is about 1.100 dia gingival scrapings; i, A mouth spirilluni 

3, T. buccale and other ht'ctoorgan^ms n ^g b ^ ^ microdentium, probably mixed with 

aputigetiumf) In gluglval scraping.^ culture: 6, T. pallidum, from a penile chancre in man . 
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(Wait 5 seconds) (130) Wliile different strains of pallidum are known to 
vary somewhat in tliieknesSj even imder iiniform conditions, tlie organism some- 
times appears exceptionally delicate, apparently through an artifact. This may 
happen if the exudate is kept for some time before mieroscopic examination, or 
if only a small amount of exudate is obtained and the film is exceptionally thin 
(thin form appears), particularly if it is made without a vaseline seal. The 
spirochetes may then look so delicate as to be barely visible, even with the be.st 
dark-field equipment. Here you see a preparation of this kind. 

TREPONEJIA CUNICULI FRO.M AN INFECTED RABBIT 

(On dark field) (120) Treponema cuniculi, which is shown here, is the 
causative agent of a naturally occurring venereal disease of rabbits, sometimes 
called rabbit s.yphilis, but not to be confused with experimental syphilis produced 
in rabbits by the inoculation of 'Treponema pallidum. 'Treponema cuniculi and 
another tissue spirochete. Treponema pertenue, the causative agent of yaws in 
man, are both morphologically indistinguishable from the spirochete of human 
syphilis. Like pallidum, they cannot be cultivated successfully and hence much 
remains to be learned about their biologic characteristics. 

(Wait 3 seconds) (120) Yaws is a nonvenereal disease of man in tropical 
areas and occurs chiefiy in children, with lesions confined mainly to the skin. 
The lesions of rabbit syphilis usually occur on the skin in the anogenital region, 
and are much smaller and softer than lesions of true syphilis. The syphilis and 
yaws spirochetes are immunologieally related, but Treponema cuniculi is distinct. 
(End of reel 2; elapsed time 37 minutes, 30 seconds.) 

LEPTOSPIRA BIFLEXA FROM A CULTURE 

(On dark field) (130) This is Leptospira biflexa, a nonpathogenic spirochete 
found in water that contains decomposing organic matter. The several species 
of Leptospiras do not differ in morphology among themselves, but they are easily 
distinguished from the other spirochetes. They are much more closely wound 
than any of the treponemas, so that the individual spirals do not always show 
clearly ; and they have the characteristic hook at one or both ends. Their move- 
ments are erratic and mercurial, they are the clowns among spirochetes. They 
rotate rapidly and often dart forward or to and fro ; they may show quick lash- 
ing movements of flexion, or they may bend into crazy contorted figures. 

LEPTOSPIRA ICTEROHiVEMORRHAGIAE FROM A CULTURE 

( On dark field) (120) Leptospira icterohaemorrhagiae is the spirochete of 
Weil’s disease or spirochetal jaundice in man. The disease occurs throughout 
the world and has been reported in several parts of the United States. The 
organism was first isolated by Inada and Ido in 1915, and independently by 
Uhlenhuth and Fromme in the same year. 

(Wait 5 seconds) (120) Weil’s disease, in its more severe form, has a sud- 
den onset with fever which may reach 105° F., and symptoms of acute intox- 
ication. Jaundice maj'^ appear after about a week. The mortality may be as 
high as 50 per cent ; but milder cases also occur, more chronic in character, often 
without jaundice. 
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(Wait 5 seconds) (120) Whereas all the treponemas appear to l)c more or 
less strictly anaerohie ami can be eultivatt|d with diflienUy, il! at all, the Icpto- 
spiras are aerobic and grow readily in suitable media. lhe> glo^\ at room 
temperature in the upper eentimeter or .so of a column of serum oi othei oi- 
ganic fluid diluted with salt solution and. containing a small amount of agar. 
Actively motile leptospiras like these are easily demonstiated in a loopful of 
culture removed from the upper portion of the medium and e.xamined under 
dark field. Like the smaller treponemas, the leptospiras do not stain well with 
auiline dyes. 

(Wait 4 seconds) (120) A characteristic feature of culture leptospiras in 
active motion is that they rotate so rapidly that their hooked ends look like 
closed eyelets, as shown by some of these organisms. 


LEPTOSPIRA ICTEROH.VEMORRIIAOIAE FROJI THE LIVER OF AX IXFECTED GUIXEA PIG 

(On dark field) (150) Guinea.pigs are e.xceptionally suseeptible to AVeil’s 
disease; they usually die about seven to nine days after subeutaneous or intra- 
peritoneal inoculation, and show intense jaundice of the skin and conjunctiva, 
with leptospiras demonstrable especially in the liver, kidneys, and adrenals. 

(Wait 2 seconds) (150) In the diagnosis of AVeil’s disease a dark-field ex- 
amination should be made of the blood early in the disease, or of the urine in 
the later stages, and 2 or 3 c.c. of blood or urine should be inoculated intra- 
peritoneally into guinea pigs. At autopsy, or on about the ninth day after 
inoculation, dark-field examination of a suspension of the liver should show this 
picture. Young white mice may be used for inoculation, but older mice are 
resistant. Species of deer mice have also been used successfully. 

(Wait 2 seconds) (150) As we shall see later, certain filaments -which ap- 
pear nomally under dark field in blood or tissue suspensions may be mistaken 
for leptospiras. A true leptospiim. should show the characteristic hooked ends 
and at least some degree of rotary motion. These two characteristics justify a 
diagnosis of leptospira infection even though only a few organisms are found. 
The movements of fiexion are unreliable, as is the apparent demonstration of 
spirals, since the filament artifacts bend in Browmian movement and may show 
irregularities that can be mistaken-for spirals. 

(Wait 2 seconds) (150) The leptospiras are sometimes called the water 
spirochetes, not only because Leptospira kiflexa is found in -water, but also be- 
cause contaminated water is directly concerned in the transmission of Weil’s 
disease. The infection has been common in Japan in wet mines in which the 
miners worked barefoot ; elsewdiere it has been associated -with marshj^ or muddy 
soil, or with unsanitary bathing places; and cases have been reported both in 
Europe and in this country among sewmr w’orkers, fish handlers, and others -u'ho 
come into contact -^vith wild rats orTat-infested water. Wild rats are frequentlv 
found infected with this organism and excrete leptospiras in their urine. Eats 
evidently serve as reservoirs of infection and disseminate it by the contamination 
of water. Transmission to man seems to occur mainly through the skin the 
leptospiras being able to penetrate slight abrasions if not the intact skin itself 
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fully aellVD forma? nil specloH lose motility moro or Iohh Krndunlly In hUUc cover slip propnmtloua? ilyluK forms nmy hIu>u‘ erratic movements, 
•fOver-all width decrenses liurliiK (ictlve lotatlon and proKresHlon bocuUHo of .strolchliiK of .splrahs. 



1484 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


(Wait 2 seconds) (150) Weil’s disease, unlike other spirochetal iufectionh, 
confers lasting immunity. Agglutinins and lysins develop during the disease 
and persist for many years after recovery. 

(Wait 2 seconds) (150) Noguchi, who made many outstanding contribu- 
tions to our Imowledge of spirochetes, particularly in tlie difficult problem of 
their cultivation, reported in 1919 that 3 'ello\v fever is caused bj' a leptospira. 
The evidence for this view was gathered with Noguchi’s usual thoroughness and 
it was widelj' accepted until 1928, wlien Stokes, Bauer, and Hudson showed that 
j'cllow fever is caused bv a filtrable virus. Noguchi had apparentl.v worked in 
1919 ■with eases of Weil’s disease mistakenly diagnosed as yellow fever. He 
later went to Africa to cheek his ow-n findings. This time he worked witli yellow 
fever and did not find leptospiras. While there Noguchi contracted j'cllow fever 
and died. 

LEPTOSPIRA CANICOL.V FROM A CULTURE 

(On dark field) (160) Leptospira canicola, the leptospira of dogs, is 
morphologically identical with the other leptospiras. It can be distinguished 
serologically. It is less pathogenic for guinea pigs, but may infect both dogs 
and man. The prevalence of canicola infection in dogs is suggested bj' the find- 
ing of Me.ver and his co-workers that agglutinins to Leptospira canicola oc- 
curred in a high percentage of normal dogs in urban areas of California. The 
canicola infection in man, contracted from dogs, is milder than Weil’s disease, 
and may be so mild as to escape detection. Jaundice is usually absent; menin- 
geal sjTuptoms may be present. Leptospiras may be found in the spinal fluid 
or blood, later in the urine. Bj' the seventh to the tenth daj* of illness or later, 
a diagnosis can be made bj' the agglutination of culture Leptospira canicola with 
the patient’s serum. 

SPIROCHETE-LUCE FILAMENTS : ARTIFACTS WHICH 3IAY BE JIIST.UvEN FOR 

LEPTOSPIRAS 

(On dark field) (120) These filaments, seen here as delicate waving threads, 
sometimes attached to cells and sometimes free, are of no importance in them- 
selves. They are not microorganisms. Thej- are shoivu because they may re- 
semble microorganisms, especiallj' leptospiras, and thus give rise to errors in 
diagnosis. Although thej' are often homogeneous, they may show irregular 
swellings, clubbed ends, or beading. Oceasionalty thej’- have a regular beaded 
structure, as sIiomti here, which may give a false impression of spirals. Fila- 
ments occur frequentl}^ in dark-field preparations made from blood or tissue 
emulsions, particularly but not only^ when a hot loop has been used in preparing 
the slide. Thej^ may be extremelj" delicate and pale, or coarser and brightei-, and 
vary from short rods to long Avaving threads. Thej' haA'e no independent 
motility, do not rotate or move progressive!}’- ; but they may wave and bend 
actively in Brownian movement. The tAVo features that best distinguish them 
from leptospiras are the absence of hooked ends and the lack of rotary movement. 
(Elapsed time 48 minutes, 25 seconds) 

SPIRILLUJI 3IINUS FR03I THE BLOOD OF AN INFECTED AIOUSE 

(On dark field) (140) This organism, seen lying still among red blood cells, 
is a spirillum, not a spirochete. The difference, as aa’c have seen, is that a 
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spirillum is a cui-vcri or s|.iral orga„is,n mol.lo by lueaus “ 

spiioelmlo moves, as far as wo know, by .ueaiis of ll.e undulations of the b^ 
»t llie organism itself. Plagolla liavc never been dc.nonstrated on tine 
spiroehetes. They apiiear on the.so organisms, and you will see a tuft at eaeh 
end in later sequences if you watch for tlieni. 

SinrilluM minus apiJears under dark field as a short thick rodlike form 
just barely double contoured, with rather closely set stiff spirals which are no 


always clearly visible. 

(Wait 5 seconds) (110) This organism is generally regarded as the cause 
of rat-bite fever or Sodoku. Since its cultivation has not been successful, it has 
not been possible to fulfill Koch’s postulates for Spirilhim minus as the etiologie 
agent of rat-bite fever; however, inoculation experiments with unpunfied an- 
imal blood or exudate have been successful in animals and in man. The re a- 
tioiiship of this organism to rate-bite fever has been challenged in favor of a s- 
tinct bacterium called Streptobacillus monilifoi mis, vhich maj a o occui in 
the human lesions and in infected rats and mice, and ivliich can be cultivated 

independently. 

(Wait for flagellated form) Flagella can be seen on this organism and in 
several of these sequences. (Wait for another flagellated form) Note the tuft of 
flagella at each end (and another), and here again. 


SPIRILLXni MINUS IN PERITONEuVL W-A.SH1NGS FROM AN INFECTED MOUSE 


( On dark field ) ( 120 ) When Spirillum minus moves, it darts rapidly 
across the field. You will see these darting movements in a little while. 

(Wait 5 seconds) (130) Whether or not this organism is the cause of rat- 
bite fever, diagnosis can be made if it can he demonstrated under the dark field 
in exudate expressed from the bite wound or from the skin papules which ac- 
company the paroxysms of fever. The bite wound usually heals during the in- 
cubation period, and later ulcerates and looks like an extragenitai chancre. The 
demonstration of spirilla in the blood or peritoneal fluid of mice or rats after 
inoculation with the patient’s blood is less reliable for diagnosis, since these 
animals may harbor the organism nonnally ^vithout showing symptoms. The 
subcutaneous inoculation of guinea pigs is probably a better procedure. Nu- 
merous instances of clinically typical rat-bite fever fail to yield spirilla. Strep- 
tobacUlus moniliformis has been isolated from some of these. It seems likely 
tliat the streptobacillus is responsible for some eases, at least, of rat-bite fever. 
Recent findings suggest that there may be twm ty-pes of the disease, clinically 
similar, although perhaps not identical, but caused by^ distinct organisms. 
(Elapsed time 32 minutes, 25 seconds) 

(On apparatus) (120) The apparatus includes a rigid stand supporting the 
camera independently^ of the microscope, the two being joined without contact by 
a light-tight coupling. A prism side ocular permits visual examination of the 
field being photographed. In order to allow one-man operation, a solenoid mounted 
beside the camera release is actuated by a foot switch, as shown here. 


. The apparatus used to make this film was deslffned and built by Fred Rosebum' nenart 
ment of BlochemlstO’. Columbia University. .vieu noseourj, uepart- 
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Pure strains of spirochetes were proviJed tlirou"h tlie courtesy of: 

Venereal Disease Hesearch Laboratory, Alarine Hospital, Stapleton, S. I.: T. imlliduvi 
(Nichols strain). 

Dr. Tliomas B. Turner, Department of Bacteriology, Scliool of Hygiene ami Public Health, 
Johns Hopkins University: T. recurrentis (novyi strain); 2\ cunicuU (strain A); 
L. icterohemorrhagiae (human strain S. E.) ; and SpiriUitm minus. 

Dr. Laura Florence, Department of Bacteriology, Nerv York College of Medicine: L. hifleia. 
Dr. Elberton J. Tiffany, Department of Bacteriology-, Long Island College of Medicine: 
L. canicola (strain D9o). (Total elapsed lime 54 minulcs) 
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A SIMPLIFIED APPARATUS FOR DARK-P’IELD CINE^MICROGRAPHY* 


FrI'ID Rosebuuy and Theodor Rosebury 
New York, N. Y. 


T he apparatus descril)ecl is tiuit used for the preparation of the 16 mm. film 
“A Lecture on the Spirochetes.”* Except for the microscope and camera, 
it comprises few and inexpensive items. It Ls designed to be operated by one 
pereon, and is arranged so that with a minimum of inconvenience records on 
motion-picture film may be made of specimens observed during routine visual 
microscopy. The appai'atus is adaptable to bright-field, histologic or other 
microscopy, as well as to dark-field microscopy with the oil-immei’sion objective, 
although it was designed primarily for the purpose last mentioned. 

The optical system used comprises a Leitz AT microscope with the fluorite 
oil-immersion objective, 1.95 mm., N.A. 1.32, fitted with an iris diaphragm, and 
the Leitz bieentric dark-field condenser, N.A. 1.20. The focusing prism side 
ocular (Fig. 1 A) is similar to that supplied as the optical portion of a Leitz 
Makam camera, the camera box and ground glass having been removed, and 
the lower element of a lOx ocular, convex .surface upward, having been fastened 
immediately above the prism in the optical axis to shorten the focal length of 
the system. A celluloid shield, blackened and lined at the outer edge with 
black felt fitted to the eye, is attached to the end of the lateral member of the 
side ocular so that when the operator’s eye is pressed against it extraneous 
light is excluded. No camera lens is used. The camera, which is supported 
independently of the microscope, as will be noted below, is joined to the optical 
system without contact by means of a light-tight brass baffle coupling (Pig. 2H), 
threaded to fit into the camera in place of a lens. The inner surface of the 
brass coupling must be dead black. A cylinder projecting upward from the top 
of the side ocular unit (Fig. 2-7) fits into the coupling without contact, so as 
to make the light-tight baffle connection between the microscope and camera. 

The whole assembly is fastened to a large heavy draftsman’s board, which 
in turn stands on four No. 7 live rubber stoppers to absorb vibration (Pig. 3). 
The microscope is mounted on a steel plate which is bolted to the board and 
cushioned with live rubber washers 1/4 inch thick. The holes in the plate through 
which the bolts pass are large enough so that the bolts do not touch the steel 
plate itself, but are held by rubber washers above and below the plate. The 
plate is fitted with three steel pegs which mate accurately in shallow holes in the 
base of the microscope. 


The stand upon which the camera is mounted consists of a hea^y cast iron 
base, a tubular steel post (Fig. IB), and an adjustable braeket with* ball crank 
(C), which are available as parts of a standard driU press. Firmly attaehed to 
the braeket is a carriage {D) bearing a tripod screw and its bushing and with 
side gu ides made to support the camera with a snug fit. At the outer end of 
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the carriage is mounted an eloetrie solenoid {E), the magnetic^ plunger of which 
is normally retained in a position on the outer side of the coil means o an 
adjustable spring. When current is applied hy tneans of a foot switch the 
plunger presses the release button of the camera. The end of tlie plunger 
carries a rubber bumper. 



Fig. 3. — Photograph of the entire assembly. 


A collar (Fig. IF) is fastened to the post with a setscrew to serve as a verti- 
cal stop for the camera assembly and its bracket on the post. Horizontal locating 
is determined by means of a spring pin {G) in the collar, which fits accurately 
into a hole in the adjustable bracket. The spring pin is released by drawing 
down the chain attached to it. By this means the camera assembly can be 
lowered quickly into its proper position over the microscope and prism side 
ocular. 

Two light sources are used, one for visual microscopy by bright or dark 
field and for bright-field photomicrography, the other for dark-field photomi- 
crography. The former is a 6 volt automobile headlight lamp in a parabolic 
mirror reflector, operated on 110 volts A. C. through a variable voltage trans- 
former (Bauseh & Lomb). The stronger light source is a clockwork arc adapted 
to take National Projector carbons Nos. 698 or 722, {"'/xa") and 168 
The arc is operated on 110 volts D.C. through four 660 watt cone heater ele- 
ments connected in series parallel with a switch in each parallel branch so 
that the are current, which is read on an ammeter, may he convenientlj^ adjusted 
in four steps. Tim resistances, switches, and ammeter arc mounted on a transite 
and metal stand. 

Botli lamps are fastened in position on the draftsman’s hoard so that their 
rays, condensed and cooled in each instance through a 250 c.e. flask of 'water 
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are focused on the mirror of the microscope when the latter is in position on 
its steel plate. This provides a convenient arrangement for visual microscopy 
with the 6 volt lamp. When a specimen is seen \vhich it is desired to photograph, 
the split prism with its ocular is substituted for the visual ocular of the micro- 
scope. The camera, Avith coupling attached, is swung and lowered into position 
Avith the aid of the collar and pin on the post and clamped tight, and the arc 
is turned on. With these operations, Avhich require less than one minute, the 
apparatus is converted from a visual to a einemicrographic assembly. 


L 


K 

Fiff. 4. — Focusing calibrator. K, Turned collar flttlng into cylinder J in Fig. 2 ; L, cover slip 
ruled to 16 nmi. frame size and placed in the focal plane. 

The calibration of focus for the A'isual arm of the split prism ocular and 
the film Avas accomplished by means of the device shoAvn in Fig. 4. A fiber 
cylinder 2 inches high Avas fitted Avith a turned Avood collar {K) so as to set 
snugly into the baffle cylinder (Fig. 2/) of the split prism ocular. A clear 
circular cover slip (Pig. 4L) Avas then ruled Avith hydrofluoric acid to approxi- 
mate a 16 mm. frame, and fastened in position in the cylinder at the level Avhich 
AA'Ould be occupied by the film Avhen the camera Avas in place, as determined by 
measurement. A focusing magnifier could then be set into the cylinder from 
above so as to focus on the ruled cover slip. With this device the focus at the 
film plane could be matched Avith that in the visual arm of the split prism by 
Amrying the length of the latter. This calibration AA'as checked by exposing and 
developing short lengths of film. 

The film “A Lecture on the Spirochetes” Avas made chiefly on Agfa Super- 
pan Supreme negative, Avhieh proAuded sufficient speed Avith maximum amperage 
of the arc (15 to 20 amperes). Photogi'aphs of specimens containing large 
numbers of cells, e.g., red blood cells, AA’ere in fact overexposed, altliough print- 
able ; and seA’eral sequences Avere made successfully Avith a sloAver film, DuPont 
314 Pan. The film Avas developed, using Stineman tanks, in Agfa 17jM at IS 
C. for sixteen minutes AAuth continuous agitation (gamma = 0.9). Under these 
conditions no objectionable grain appeared. Resolution on the negative seems 
remarkably good at the Ioav magnification used (160 diameters), and, although 
slightly impaired in printing, it is considered satisfactory in the finished film. 
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DEPARTMENT OF ABSTRACTS AND REVIEWS 


ROBERT A. KiBDUKKE, M.D., ABHTKA. T EDITOR 


DIPHTHERIA, Studies on tRe Antibacterial Property in, Huang. C. H. Am. J. Hyg. 35: 

317, 1012. , , . 

f -.ntihaeterial property in the diplitl.er.a anti- 
Evidence pointing to the present of . • pe-irancc of type D, organ- 

toxic serum is presented, base<l on the weeks after treatment with antitoxic 

u.. ta ft. ft,.... •< ■'«'!»= ft™., .t 

.M* 1. «.«1 tor .1.. jipkft.rft po.l.ot. aoriog tte eon- 

o:r r. -u ««•«-»• s’t 

...U ft. b>..a ot o “'.g.™” ft. ■."« “ “ 

appearance of specific agglutinins m tlie c 
nostic method. 

" i,- nn Oral Administration of Citrated Elood in Man. 
TARRY STOOL: Observations on th® Oral ^ Goodman. S. 

H. The Effect on the Stools. Schiff. L., Stevens, a. o., e 

Am. J. il. Sc. 203: 400, 1942. 

. inn e c. or more of citrated human 

A tarry stool may result rom le i » ^ citrated human 

blood Pollowing the continue for five days and 

blood, gross blood may ' tests for occult blood in the stools may per- 

may number as many as 8. Po.itne elie 

sist for as long as ten days after ingestion of 2oO c.c. ot cnr.axeu 

days after intragastrie administration of 2,000 c.c. 

The passa-ie of a tarrv stool does not necessarily indicate the occurrence of a severe 

me pEusa^e o rp,,„ nprsistence of tarry stools or occult blood m the 

hemorrhage into the digestive tract. Tlie persistence oi la ^ 

stools does not nece.=sarily indicate the continuation of such hemorrhage. 


CULTURES, A Note on the Preservation of Certain Bacteria Under Paraffin Oil. Sim- 
mons, R. T. M. J. Australia 1: 283, 1042. 

Overnight slope cultures were completely covered with sterile liquid paraffin (lieaiT 
mineral oil: Parke, Davi.s Company) and stored in a dark cupboard at room temperature. 
The slopes should he moist, and they should he inoculated to the bottom of the slope so that 
some bacteria are suspended in the water of conden...ation which remains at the bottom of 
the .dope under the pnraffin. The paraffin was sterilized by drj- heat at 160° C. m amount.s 
of 15 milliliters heated for one hour, or in amounts of two liter.s heated for two hours. Auto- 
claving or the presence of moisture in the container caused turbidity. Paraffin from dis- 
carded cultures may he strained through gauze, sterilized and used again. 

Tile top of the culture slope must he covered hy the paraffin (prcferahlv half an inch 
above) in order to prevent drying. A long, stiff, platinum loop was used to remove the 
growth from tlie bottom of the slope, where the organi-sms remained viable longer tlian at 
the top. After one year it was occasionally necessary to replace the paraffin with broth 
in order to obtain growth, hut it was generally sufficient merely to transfer a loopful of 
organisms to broth. 
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PLASMA COAGULATION TIME, The Normal, Cheney, G. Am. J. M. Sc. 203; 325, 1942. 

The plasma coagulation time is a satisfactory test for vitamin K deficiency, as pre- 
viously noted. 

The test has been carried out by a standardized technique in 340 normal persons and 
in 107 patients with nonhemorrhagie conditions. 

The importance of a constant speed and time in centrifuging tiie blood has been empha- 
sized. 

The effect of changes in temperature upon the results of the test has been pointed out. 
Boom temperature is satisfactory under ordinary conditions. 

Standards have been set uji for laboratory temperatures which may be encountered 
and for 37° 0. 

The constancy of the results obtained warrants the use of the plasma coagulation time 
as a simple laboratory test, provided the physical conditions of the procedure are adhered 
to closely. 

The test of plasma coagulation time is routinely carried out as follows: 

1. A clean venipuncture must be performed, obtaining the required amount of blood m 
a dry syringe. 

2. The blood must be rapidly transferred to a test tube containing a weighed amount 
of dry potassium oxalate. A number of these tubes may be prepared at one time by adding 
2 per cent potassium oxalate and evaporating the solution so that the tube will contain oxalate 
in the ratio of 10 mg. to 5 c.c. of blood. Centrifuge tubes are usually prepared with 5 mg. 
of oxalate for 2.5 c.c. of blood (0.25 c.c. of the 2 per cent solution per tube). The o.xalate 
must be thoroughly mixed with the blood by inverting the corked tube ten or fifteen times. 

3. The oxalated blood is centrifuged in a constant speed centrifuge at 3,500 r.p.m. for 
five minutes and tlie plasma is pipetted off. 

4. Two-tenths cubic centimeter of plasma is pipetted into each of two small chemically 
clean test tubes, and 0.2 c.c. of 0.4 per cent calcium chloride is added to the first tube and 
0.1 c.c. to the second. The tubes should be gently shaken five to ten times to secure thorough 
mixing. They need not be inverted. 

A liter of the 0.4 per cent calcium solution may be made up at a time, using chemically 
pure calcium chloride. 

5. The coagulation time of the plasma should be read in minutes. The end point is 
taken when the solution no longer flows when the test tube is held horizontal. The shortest 
time of coagulation for the two tubes is the plasma coagulation time. 

6. The room temperature at wliich the test is carried out should be recorded. A varia- 
tion between 23° and 26° causes no gross variation in the test. 

7. The test should be completed within the first hour after the venipuncture. 


CLOT RETBACTION TIME, A Method for Measuring, Hirschboeck, J. S., and Coffey, 

W. L. Arch. Path. 33: 380, 1942. 

The equipment needed is a clean, dry syringe with needle and two dry test tubes, 1 cm. 
in diameter, one of wliich serves as a control. The tubes should be of soft glass and must 
be free of scratch marks. In addition they must be chemically clean. With the syringe and 
needle 4 c.c. of venous blood are removed, and 2 e.e. are placed in each of the test tubes. 
The tubes are closed rvith rubber stoppers, and the blood is shaken for a few seconds in 
order to create an equal amount of foam in each tube. The coagulation time is then deter- 
mined by measuring the interval of time between tiie complete withdrawal of the blood from 
the vein into the syringe and the point at which the blood fails to flow when the tubes are 
completely inverted. The tubes are held in the same hand and are tilted every half minute 
in order to test for the end point. The end point of coagulation then becomes zero for the 
measurement of the retraction time. The tubes are placed in a rack kept at room tempera- 
ture and are observed for the beginning of retraction. 
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The nornml clot retraction time with this metho.l is usually between twcnty-fi%e and 
thiitvnnnutes. Some normal bloods may have a retraction time as sliort as twenty mmutcs, 
others, as long as fortv-tive minutes. The clot retraction time becomes shortened postopera- 
tively, and if it is less than ten minutes, the patient may be considered a possible candidate 
for pulmonary embolism. 


ANTITHEOMBIN, Quantitative Studies on, Wilson, S. J. Arch. Int. :Med. G9. 04/, 194- 


A quantitative test has been devised for the determination of the antithrombin of 
serum and plasma. One unit of antitlirombin is defined as that amount w ue i ^vl mac iva e 

1 unit of thrombin in four minutes at 28° C. 

Xormal human plasma or serum contains an average of 90 units of antithrombm per 
cubic centimeter, which is as much as a thousand times the amount reiealed by many pre 


vious methods. 

There is little or no difference in the antithrombie activity of serum and that of plasma. 

During the actual process of blood coagulation only a small portion of the thrombm is 
adsorbed onto fibrin, the remainder being inactivated or neutralized by the normal anti 
tlirombic activity of the serum. 

The hemorrhagic tendency in hypoprothrombinemia is not, therefore, fully e-\plamed 
on the basis of decreased prothrombin and the variations in the conversion rate of prothrom- 
bin to thrombin. The liemorrhagic iliatUesis usually occurs when the prothrombin unitage 
approximates or is lower than the antitlirombin unitage. 

The method follows: 

The prothrombin-free fibrinogen was prepared by the method of Warner, Brinkhous, 
and Smith, all procedures being carried out at 5° C. and the materials stored at —35 C- The 
thrombin was prepared by the method of Seegers, Brinkhous, Smith, and Warner and stand- 
ardized by either the pipette or the dropper method. The standardization tests should be 
repeated just before any critical observations are made. 

The following method was devised to determine accurately fractions of 1 unit of 
thrombin: Fifteen drops of physiologic solution of sodium chloride were added to each of 
9 test tubes. A series of 9 dilutions, containing 0.2 to 1.0 unit of thrombin in each drop, 
was then prepared, and portions of a single drop were added in sequence to the tubes of saline 
solution. To each test tube was then added 5 drops of fibrinogen (a total of 21 drops), 
and the appearance of the fibrin strands was timed with a stop watch. The following clot- 
ting times were observed: 


of Thrombin 

Clotting Time, 

1.0 

20 

0.9 

21.5 

0.8 

23.5 

0.7 

25.5 

0.6 

27.5 

0.5 

31 

0.4 

35.5 

0.3 

40.5 

0.2 

46.5 


curve to be used in the studies on quantitative antithrombie activity was then 
plotted. One unit of thrombin was used in the studies. If the figures for the thrombin are 
reversed, the curve will indicate the amount of thrombin inactivated or neutralized. 


hepatic deficiency. The Value of the Hippuric Acid Test and Takata-Ara Eeaction 
in the Investigation of, Henderson, M., and Splatt, B. AI. J. Australia 1: 185 1949 

A series of cases is reported of 313 hippuric acid e.vcretiou tests performed on ‘^-iO 
adult subjects. 

The serum of 143 patients and of 50 normal subjects has been tested by the Takata-Ara 
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Quick’s liippuric aciil excretion test is both :i reliable and a sensitive index of liver 
function, and is a valuable aid in estimating clinical progress, response to treatment, and 
prognosis. 

It is simple to perform and is devoid of danger to the patient, but is not applicable 
to patients with poor renal function. 

The Takata-Ara test is practically valueless as a test of liver function and is not a 
specific test for liver disease. It is, liowever, a useful confirmatory tost for parenehyinatous 
liver disease. 

PREGNANCY, Colostnim Cutaneous Test for, Goldmann, L. M., Kessler, H. B., and Wilder, 

M. E. J. A. AI. A. 119: 130, 1942. 

In 500 tests of cutaneous sensitivity to colostrum there were tested approximately 70 
per cent correct reactions in all groups, both male and female. 

There was apparently no greater or less eflficiency of the test among endocrine cases. 

In our hands the colostrum cutaneous test does not appear to offer a valuable diagnostic 
procedure for pregnancy. 

AMINO-ACID, Plasma Levels in Health and in Measles, Scarlet Pever and Pneumonia, 

Parr, L. E., McCarthy, W. C., and Prancis, T., Jr. Am. J. AI. Sc. 203: fifiS, 1942. 

Thirty-one determinations of the plasma amino acid concentration of 30 normal, ap- 
parently healthy persons averaged 4.50 mg. per 100 c.c. by the niuhydrin-COj method. The 
standard deviation was 0.40, and the observed range was 3.75 to 5.50 mg. per 100 c.c. 

In patients with pneumococcus pneumonia the plasma amino acid nitrogen concentration 
was found to be low at tlie time of onset. With recovery from pneumonia the plasma amino 
acid concentration returned to the normal range. Patients admitted to the hospital after 
the fourth day of disease failed to show significant plasma hypo-amino-acidemia. 

In patients with scarlet fever aiul measles the plasma amino acid nitrogen concen- 
tration was usually within the normal range. However, because of the difficulty of ascer- 
taining the time of onset of tliese diseases, the data do not exclude tlie possibility of a plasma 
liypo-amino-acidemia during the pre-erujitive phase of these diseases. 

PLASAIA PROTHROMBIN Concentration, Clinico-Pathologic Correlation Between Hepatic 

Damage and. Sweet, N. J,, Lucia, S. P., and Aggeler, P. M. Am. J. AI. Sc. 203: GG5, 

1942. 

The prothrombin concentration was determined in 42 patients in whom the liver was 
examined at operation or at autopsy. Vitamin K was administered in adequate dosage to 
all those patients wlio liad suffered from extrahepatic biliary obstruction. In general, the 
prothrombin concentration was normal when there was little or no destruction of the parenchy- 
mal tissue, and it was diminislied when there was moderate or marked destruction of tissue. 
Exceptions to this rule are noted. 

TUBERCLE BACILLI, Rapid Method for Concentration of, Oliver, J., and Reusser, T. R. 

Am. Rev. Tuberc. 45: 450, 1942. 

Five to 10 c.c. of sputum are mixed in a flask or widemoutlied bottle, with approxi- 
mately an equal amount of commercial ehlorox, and shaken two or three times over a two- 
minute period and kept at room temperature for ten minutes. Then the mixture is centri- 
fuged at 3,000 r.p.m. for ten minutes in a 15 c.c. conical tube. A creamy white sediment 
forms in the bottom of the test tube; the supernatant fluid is poured off and the tube is 
drained for two minutes. No neutralization is necessary. With an applicator a small drop 
of sediment is transferred to a slide. The slide dries at once and needs no fixing. Staining 
is done by the usual methods. 
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CLINICAL AND EXPERIMENTAL 

PREVENTION OF PORPHYKIN INCRUSTATIONS ON 
ACID-DEFICIENT RATS BY IIARDERIAN CLAN i 


Fiunk H. J. FiooEt, Ph.D., and Kurt Sai.omon, M.D., Pii.D. 

Baltimore, Md. 


pvNE of tile most eoii.spicuou.s .symptoms observed in rats fed a diet deficient 
W in pantothenic acid M-as the accumulation on the nose of an incriLsted ma- 
terial that superficiaUy resembled dried blood. This material ^PP^d ^ 
emanate from the nostrils and was, therefore, obsei-ved most abundantly on the 
nose, whiskers, and fore paws, but it was sometimes spread to the fur of other 
parts of the body. The fur on the back of the neck region frequently appeared 
red or rusty. Because of the strong resemblance to dried blood and the ap- 
parent origin from the nose, this symptom had been described^ variously as 
“nosebleed,”" “blood-caked whiskers,”"" “rasty spots on fur, ■ and in- 
flamed noses.”"" , i 1 ■ . , • 

Several months before the initiation of the work to be reported in this 

paper, it was ob.served in collaboration with others"" that the red material on the 
rats exhibited a brUliant red fluorescence when iUuminated with near ultra- 
violet light. Since blood is not fluore.scent, an attempt was made to characterize 
this incrusted red fluorescent exudate chemically, and to discover its origin. 

The red fluorescence made it appear probable that the incrusted material 
was a porphvrin (see Plate I, page 1608). Chemical and spectroscopic examina- 
tion proved this to be the case. Other chemical te.sts indicated that very little, 
if any, of the fluorescent material was blood."" A survey of the literature re- 

•Frnin thf^ Dpn'irtment ‘1 of Anatom>% Yale University School of Medicine and University of 
Marjdand MediciU the Department of Physiological Chemistry, Yale University 

School of Medicine. 

This work was aided by a grant from the Anna Fuller Fund for Cancer Research. 

The Uluatration for this article will be found in the section on Medical Illustration 
of this number of the jouiiNAL, Plate I, page 1608. 

tRockefcllcr Foundation Fellow, 19I0-10H. 

Hcccivcd for publication, March 1, lOll* 
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vealed that the reddish iiicrusted exudate which appears on rats maintained on 
a filtrate factor deficient diet had been identified speeti’oscopicalI.y and described 
as protoporphyrin. The tests for blood were also negative.- Our own independ- 
ent observations and more exhaustive investigation confirm this observation in 
some respects.^® 

At this stage of the investigation a short abstract appeared describing the 
harderian gland as a porphyrin-seei’eting gland.® The fact that the harderian 
gland was fluorescent and contained protoporphyrin had been known for some 
time.^’ It thus appeared likelj’^ that the material was secreted bj’ the harderian 
gland and passed to the nose via the nasolacrimal duct. In order to test this 
hypothesis, the harderian gland was completely removed from a number of rats 
to see if this operation would prevent the accumulation of the porphyrin-con- 
taining incrustations {see Plate I, page 1608). These operated animals and an 
equal number of controls were maintained on a diet deficient in pantothenic 
acid. This experiment demonsti'ated convincingly that harderian gland ablation 
prevents the porphj’-rin incrustations in albino rats maintained on a diet 
deficient in pantothenic acid. It is the purpose of this paper to present the 
details of this experiment. 


METHODS AND JIATERI.VLS 

The 24 albino rats used in the experiment were weaned at the age of 22 to 
24 days. They were from three litters'^ and, in so far as possible, the animals 
from each litter were uniformly distributed in four groups. There were 12 
females and 12 males so that 3 of each sex were placed in each group of 6 rats 
(see Table I). The males and females Avere separated and placed three in a 
cage. The cages were made of pyrex glass and prevented contact of the animals 
or their excreta Avith metal. The feces, urine, and spilled food fell betAveen the 
glass bars to pyrex glass plates and could not be retrieved by the rats. The 
feces were examined periodically to see AAdiether they contained a red fluorescent 
material. The weights of the rats and other observatioris Avere recorded bi- 
Aveeldy. 

All rats Avere fed a basic diet of cerelose, 68 per cent; Antamiu-free casein, 
18 per cent ; erisco, 8 per cent ; salt mixture. 4 per cent ; cod-liver oil, 2 per cent. 
This basic diet Avas supplemented for all rats by the addition of choline chloride 
(1 Gm. per kilogram) and the folloAAnng vitamins; thiaminet (4 mg. per kilo- 
gram), riboflavint (5 mg. per kilogram), pjn-idoxinet (4 mg. per kilogram), 
and nicotinic acidt (50 mg. per kilogram).*® TAvent 3 ^ milligrams of pantothenic 
acid per kilogi’am were added to this for 12 animals maintained on a nondefieient 
diet. These mixtures were pounded compactlj’- into the food cups to prevent 
excessive spilling. During the expei-imeut special care Avas exercised to keep the 
Avater bottles filled at all times. This is an important requirement Avheii in- 
vestigating the porphja’in-eontaining incrustations.® 

The harderian gland aa^s removed from 11 rats (see Table I) ; five of these 
in one group Avere fed a diet deficient in pantothenic acid and 6 rats in another 

•Obtained from the rat colony of the anatomy department through the courtesy of Dr. 
Charles "W. Hooker. 

tThese vitamins were very kindly supplied by Dr, Robertson of Merck & Co. 
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.roup ivere fed the diet eoutaiuin- pantothenic acid. Kat 7 was not operated 
upon because at the time of operation it was tliought that the annual '''ould 
surnve the anesthesia. This unoperated animal did .survive and Mas later 
garded as a control for the two operated animals kept in the same cage. 

The harderian gland in rodents is very large, occupying in the case of the 
rat about one-half of the total volume of the orbital cavity. Tlii.s gland is a 
laeriuial gland. It is associated with the nictitating membrane and, theretoie 
is located on the medial side of the orbit. The location appear.s to be the chief 
ebaraeteristie used to distinguish it from the true lacrimal gland which is either 
extra-orbital or on the lateral side of the orbit. The harderian gland is hor.se- 
.shoe-shaped and almost completely surrounds the optic nerve and bulbus ocu i. 

T.cble I 

INTLUEN-CE OF HAP.DEP.IAN GL.^ND AOIAT.OK OK THE ACCt^^.UI..^TIOK OF THE EKCF.U.STED 
Red Fluodescent Exud.cte in R.cts 



.\N'IM.\L 1 


NO. 

SEX 

Group lA 

1 

F 

Not operated 

2 

F 

Pantothenic acid 

tj 

F 

Deficient diet 

4 

M 


5 

:m 


G 


Group IB 

7* 

F 

Operated 

S 

p 

Pantothenic acid 

9 

F 

Deficient diet 

10 

M 


11 

M 


12 

M 

Group 2A 

1.3 

F 

Not operated 

14 

F 

Pantothenic acid 

15 

F 

Nondeficient diet 

10 

M 


17 

M 


IS 

M 

Group 2B 

19 

F 

Operated 

20 

F 

Pantothenic acid 

21 

F 

Nondeficient diet 

22 

M 


1 23 

M 


1 s-i 

M 


I'OUl'HYlHK 


Marked 

Marked 

Marked 

Marked 

Marked 

Marked 

ilarked 

None 

None 

None 

None 

None 

Slight 

Slight 

Slight 

None 

None 

None 

None 

None 

None 

None 

None 

None 


CONDITION' OF FUF. 


Stained and matted 
Stained and matted 
Stained and matted 
Stained and matted 
Stained and matted 
Stained and matted 

Stained and matted 
White and matted 
White and matted 
Wliite and matted 
Wliite and matted 
Wliite and matted 

Stained and fluffy 
Stained and fluffy 
Stained and fluffy 
Stained at times and fluffy 
Stained at times and fluffy 
Stained at times and fluffv 


Very white 
Very white 
Verj- white 
Very white 
Very white 
Very white 


and fluffy 
and fluffy 
and fluff}' 
and fluffy 
and fluffy 
and fluffy 


•Nonoperated. 


The operations tvere performed with sodium amytal anesthesia (0.1 mg. per 
gram of rat weight) . If necessary, this was supplemented tvith ether, but this 
practice has little to recommend it. The ether caused some animals to develop 
mucous plugs M'hieh gave rise to respiratory difficulties. In the first 3 animals 
two incisions ivere made between the eyes near the medial angles. The lateral 
edge xvas pnlled laterally to expose the medial margin of the orbit. After the 
fascia attached to the medial margin of the orbit was cut, the gland weus exposed. 
A suction pipette -was applied to pull the gland out of the orbit and at the same 
time the blood vessels were cauterized. The blood A^essels and other connections 
were then cut with sci.ssors. During the operation the field M'as illuminated 
alternately with visible and near-ultraviolet light. This not only facilitated 
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Joeating the gland, but also insured the complete removal, because even a tiny 
bit of gland was so highly hiiorescent that it ivas very conspicuous in near- 
ultraviolet light. A small portion of a harderian gland was found in the orbit 
on only one operated animal when the rat.s were killed and examined at the end 
of the experiment. 

During the first few operations it was found that in order to remove com- 
pletely the gland, the nictitating membrane and coiujunctiva were frecjuently cut 
and damaged. In vieiv of this, it appeared superfluous to make an incision 
in the skin. The last sixteen glands were removed by cutting the conjunctiva 
near the medial angle of the eye with an irideetome. The nictitating membrane 
and attached harderian gland were removed together. The other connections 
of the gland ivere cut with scissors, but no attempt was made to use a cautery. 
With this method the animals lost a drop or two of blood, but the ei'cs soon 
returned to normal. Since no incision was made in the skin, and no suturing was 
required, this was a much more rapid method. Examinations at the end of the 
experiment revealed only one eye damaged, and this was in one of the first an- 
imals operated upon. This injury ivas thought to have been caused by the 
cautery. Only one animal (No. 24) was blinded by the operation; the eyes of 
the other operated animals were normal. It was thought that all the animals 
would be blind from conjunctivitis caused by drying of the conjunctiva. The 
eyes of the operated animals were apparently kept suflieiently moist by the 
secretions from the extra-orbital lacrimal gland. This extra-orbital gland, lo- 
cated just in front of the ear, was found to e.xhibit a slight red fluorescence in 
only 6 of 50 rats examined specifically for this. No mention of the variable 
red fluorescence ivhieh was observed in this extra-orbital lacrimal gland was 
found in the literature. Even though there may have been some porphyrin in 
the secretion of some of these glands, it was never observed on the nose or fur 
of any of the animals ivith the harderian gland I’emoved. 

RESULTS 

The experimental conditions for the different groups of animals and the 
observations regarding the porphyrin incrustations and condition of the fur 
were tabulated (see Table I). No fluorescent porphyrin-containing incrusta- 
tions were observed at any time on animals in which the harderian gland had 
been removed. This was true regardless of the diet (group IB, 2B). All non- 
operated animals maintained on a diet deficient in panotothenic acid showed 
fluctuating, but marked, poi-phyrin incrustations ( group lA). These incrusta- 
tions were red fluorescent and were most abundant on the nose, whiskers, and 
near the medial angle of the eye (see Plate I, page 160S). These symptoms re- 
quired about four to five weeks to appear, and after this time varied from time 
to time, but in general became increasingly severe. Some of the nonoperated 
animals, maintained on a diet not deficient in pantothenic acid, exhibited slight 
and variable porphyrin incrustations. The slight porphyrin incrustations in this 
oToup were observed most frequently^ on the females. Operated animals main- 
tained on a similar diet not deficient in pantothenic acid appeared unusually 
white and clean (group 2B) throughout the experiment. These very clear-cut 
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results indicate tliat the harderiaii gland is the source ot‘ tlie pori)hyriii-contain- 
ing red fluorescent incrustations. 

In addition to tlicse observations several others were also recorded. An 
intense red fluorescence was observed in the feces of all nonoperated animals. 
In the feces of operated animals no red fluore.scence was observed. The weight 
curves for the animals on the deficient diet were considerably below those on 
tlie nondeficieut diet. Since the.sc weights were found to agree with those of 
other investigator’s, the\' have not been I’eproduced. The fur on all animals 
fed a diet deficient in pantothenic acid appeared matted. Depilation of body 
fur and bald head also occurred in .some animals. The removal of the harderian 
gland did not influence these .symptoms. 


DISCUSSION' 


Previous investigations^’ had established the fact that the harderian 
gland contained and secreted porphyrin. The physiologic significance of the 
porphjn’in in this fluid, which bathes the conjunctiva, has not been discovered. 
The anatomical pathway of this harderian gland secretion was followed by ob- 
serving the red fluorescence. Under normal conditions the secretion was found 
to collect in the saccus lacrimalis and pass to the nasal cavity by way of the 
nasolacrimal duct. A fluorescent nasolacrimal duct was found in several eases. 
From the nose it may pass either to the alimentarj- tract directly via the naso- 
pharjTLX or to the nase and whiskers through the external nares. In a normal 
rat on an adequate diet some of this red pigment was seen occasionally in visible 
light on the fur. 'When these normal rats ivere ii-radiated with near-ultraviolet 
light, a small amount of this red fluorescent material was frequently seen near 
the external nares. It was usually not vei-j' conspicuous, however, as health}' 
vats keep it cleaned off by xvashing and licking. 

In some rats porph\Tin incrustations were induced by water deprivation. 
When these rats were given water, they drank it and soon cleaned the incrust ed 
material off’ by licking and washing. The rats rvere killed two to four hours later. 
A red fluorescent band was observed in the intestine. It was assmned that this 
band was caused by the unusually hear'}' do.se of concentrated porph}'rin cleaned 
off the nose and fur by wa.sbing. This may account for the presence of large 
amounts of porph}'i’in rvhich had been observed in the excreta of rats.^^ The 
red fluorescence of the feces was not observed in the ease of the operated an- 
imals. This is no proof, but it sugge.sts that the harderian gland may elaborate 
the porph}-rin rvhich it secretes. 


In the case of nonoperated rats, maintained on diets deficient in pantothenic 
acid, this porph}'rin-eontaining secretion accumulated and became inerusted on 
the nose, whiskers, and face. The infrequent and feeble attempts to remove this 
by washing and licking were unsuccessful and usually the material was merely 
smeared around to other areas, notably the fore paws and back of the neck This 
smearing and unsuccessful cleaning, while partly caused by the lethar<0' of the 
rat, was also thought to be related to a change in the physical natui-rand the 
amount of the saliva. It appeared to function like a liquid glue that did not 
disso ve or remove the material, but acted as an adhesive base for the smeared 
poi ph} rui-containing excretion. ^ 
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Much cvulciice was I'oiiiid (o sui)i)ofl. this coiu;c!i)t of the uicchaiiisni of (Im 
aceuiuuhiUou of poi'i)hyriii incrustations. Water deprivation and limitation 
induced porphyrin incrustations in rats.'' Tliis liad heen observed previou.sly, 
but the red exudate was not only mistaken for blood, but the tests for blood 
were positive.''' Jhuitothenic acid deficiency may influence wjiter metaholisai 
indirectly through its effect on the adrenals. A delicieney of this vitamin in the 
diet caused adrenal cortical damage and necrosis.*’ Experimental adrenal 

cortical insnfliciency resulted in the lo.ss of water from the [)lasnm and general 
dehydration as indicated by hciaoconcentralion in cats and dccrea.sed plasma 
volume in dogs.“ 'rhe rats fed a deficient diet snee/.ed more freciuently and drank 
less water (approximately one-half as much) than tlie animals on a nondeficient 
diet, it Avas thought that this sneezing might he an indication of a relatively 
dry nasal mucous membrane. 


The ])orphyrin-containing exudate which was seen to come from the nose 
was doubtless a mixture of the harderian gland and nasal secretions. Any 
changes in physical properties of lhe.se .secretions that would result from a gen- 
eral dehydration would also have to be regarded as an important factor in the 
control of the adhesive proiierties of this exudate. From these bits of evidence 
gatliored from varioiis sources, it may be .seen tliat pantothenic acid deficiency 
caused adrenal necrosis'’ which, according to the work of Lewis," caused a 
loss of water from tlio ])lasma and general dehydration. Water deprivation and 
consetpient dehydration caused a marked decrease in salivary flow in man and 
dogs,' and both pautotheuie acid deficioney and water deprivation induced the 
])orphyrin incrustation symptom in rats.-'’ These facts indicate that pantothenic 
acid deficiency regulates water metabolism ; it suggests the mechanism by which 
it does this, and influences the accumulation of pori>hyrin incrustations. 


SUJtJtAKV 

Ablation of the liarderian glands prcvci\ts tlic accumulation and incrustation 
of a red fluorescent poriihyrin-confaining exudate in rats fed a diet deficient in 
l)antothenic acid. This indicates that tlu' liarderian gland is the immediate 
glaiuhdar .source of tlie ]iorpliyrin in the incrusted material observed on the nose, 
whi.skers, and fur of rats fed a diet deficient in pantothenic acid. 
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DUODENAL BULB (“ULCER-BEARINO AREA’ ) ACIDTTA IN 
FASTINO NORMAL PEOPLE® 


J. Edward Berk, :M.D., ^l.Sc. CMed.),! M.artix E. Rehfus.s, IM.D., and 
J. E.vri. Thomas, M.D., Philadelphia, Pa. 


TN THE present-day concept of the problem of chronic peptic ulcer Hie acid 
1 gastric luice occupies a position of acknowledged prominence Since the 
gastric acid is important only because of its effects, direct and indirect, either 
on the ulcer proper or on some area susceptible to ulcer, one uondeis tvhy 
attention has been directed so exclusively to acidity in the .stomach when most 
clinical ulcei-s occur in the duodenum.^ Simultaneous determinations of gastric 
and duodenal aciditv would serve better to evaluate the accepted importance 
of the acid "astric juice in duodenal ulcer. However, our knowledge of the 
changes in acidity which occur in the “idcer-bearing” duodenal bulb is verj- 
limited ■“ We particularly need more extensive information concerning the 
situation Avhich normally exists in the duodenal bulb before ive can hope to 
interpret the findings in ulcer patients. 

In a preAuous study® ive found, in agreement with ^Iorton,=° that the con- 
tents of the duodenal bulb in normal people following an Eivald meal were 
endowed with a considerable capacity to neutralize, buffer, and dilute the 
gastric chyme. Several investigators,’^’-*®’ using men as .subjects, had 
commented on the apparent lack of clo.se relatiomship between gastric and duo- 
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clenal acidity and we were able to demonstrate a similar lack of sharp parallelism 
between the acidity in the stomach and that present at the same moment in the 
first part of the duodenum of normal persons after an Ewald meal. 

The present study was undertaken to determine whether a neutralizing 
efficiency of equal magnitude and relationshijis of like nature obtained in the 
duodenal bulb during fasting in normal peojile studied under the same experi- 
mental conditions. 

MATERIA li 

The subjects utilized for the purposes 'of this study were drawn largely 
from the Out-Patient Gastro-Intestinal Clinic of tlie Jetferson Hospital. Al- 
though a number of them presented symptoms referable to tlie digestive 
tract, none gave evidence of fever or of any acute, chronic, infectious, meta- 
bolic or cachectic disease, and x-ray examination revealed no abnormality 
of the stomach and duodenum. Aehlorhydrics were not excluded, since a 
lack of free acid in the stomach is expected in a certain percentage of "nor- 
mal” pei’sons.^’ 

We could not hope to standardize all the variables which are known to 
affect gastric secretory behavior even in "normal” people® and, inasmuch as 
our primary concern was with the changes in acidity in the duodenal bulb 
which might be associated with changes in gastric acidity, we felt that varia- 
tions in gastric acidity were actually desirable for our purpose. 

Twenty-two subjects M'ere studied, of which 14 were males and 8 were 
females. The age of the entire group imnged from 22 to 51 years, with an 
average age of 35.5 years. The males ranged from 22 to 51 years of age, with 
an average age of 32.5 years; the females from 29 to 49 years of age, with an 
average age of 40.9 years. 

METHOD 

Each subject was examined in the morning before breakfast, following a 
period of alimentary rest of at least twelve hours. A siieeially constructed 
double lumen tube was employed, and a method was utilized which permitted 
more or less fluoroscopic control as well as radiographic proof of the position 
of the tube.® Most of the subjects had swallowed tubes before for other pur- 
poses so that the element of fright was minimal. If much difficulty was 
encountered in swallowing the tube, if nausea or vomiting occurred, or if the 
subject complained of any other distress of any moment, the experiment was 
discontinued, and the results were disregarded. After ascertaining the loca- 
tion of the tube in the stomach with the aid of the fluoroseope, we were able, 
in some instances, to manipulate the tube into position in the duodenum. When 
we failed in this attempt, the subject Avas placed on his right side, the room 
Avas darkened, and the person Avas exhorted to relax and sloAAdj^ SAvalloAv about 
6 inches of the tube over a period of half an hour ; not uncommonly tlie subject 
Avas asleep Avhen Ave returned to the room at the end of that period. 

Once the tube Avas determined by fluoroscopic examination to be in the 
desired position, the person Avas placed at rest on his right side, and the aspira- 
tion apparatus Avas assembled. Specimens AA'ere collected simultaneously from 
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the pal’s pyloriea and tlio duodenal bulb at ten-minute intervals for one-half 
hour. At each of the four-interval a.spirations all the material which could 
be obtained was collected. 

Tlie pH of each specimen was determined at once by means of a Leeds- 
Northrup pH indicator, which u.ses a "la.s.s electrode. After filtration the free 
and total acidity of each specimen was estimated using Topfer’s reagent and 
phenolphthalein as the respective color indicators." In addition, on each duo- 
denal specimen, we determined what Avas called the exce.ss neutralizing abil- 
ity.^-" This consisted of the amount of N/10 hydrochloric acid necessary to 
lower the pH to the point at which Topfer’s reagent evidenced a positive reac- 
tion for free acid." 

Out of 29 experiments 25 were accepted as being satisfactory Avith re.spect 
to techniciue. These involved 558 separate determinations made up of 156 pH 
readings, 163 estimations of free acid, 163 e.stimation.s of total acidity, and 76 
deternrinations of excess neutralizing ability of the duodenal contents. 


RESULTS 


Acidity in pFI Units (Fig. 1). — Stomach. The average ga.strie acidity in 
terns of pH in fasting normal subjects (pH 3.51 ) AA-as less than that obseiwed 
after an EAvald meal (pH 2.78),® eA'en though the range of the individual pH 
values in both the fasting and dige.stive states was about ecpial. It is interest- 
ing to note that even the average gastric acidity expressed in pH units of those 
subjects AA'ho had some free acid in their fasting stomach contents (pH 2.37) 
was less than that in fasting normal dogs (pH 1.90).’ 

Duodenum. The efficient neutralizing ability of the contents of the duo- 
denal bulb during fasting Avas eAudeneed by the constant maintenance of a 
difference in pH in the samples collected at the same moment from areas just 
aliove and just beloAv the pylorus. Throughout the period of obseiwation in the 
fasting state this difference averaged 2.09 pH units. Further evidence of the 
effectiveness of duodenal neutralization in the fasting state Avas found in the 
relative infrequency of occurrence of free acid in the duodenum. Under fast- 
ing conditions only 26 per cent of all the samples had a pH less than 3.5, the 
critical value Ave had adopted for free acid,® compared AAuth 31.7 per cent dur- 
ing the obsei’vation period folloAving an EAvald meal. 

A peculiar feature, AAdiieh Avas seen in the entire group as Avell as in those 
membei-s of this group Avho Avere able to secrete free acid, Avas a progressive 
elevation in the average duodenal pH during the period of observation? As a 
re.sult, the character of the line representing the plotted values for aA'era<re 
duodenal pH Avas distinctly different in pattern from the corresponding one 
for average gastric pH. 


The over-all average duodenal pH Avas 5.60, which was about equal to that 
we found in fasting normal dogs (5.56),’ despite a much greater acidity in 
terms of pH in the stomach of dogs as compared AAnth men. The much more 
efficient duodenal bulb neutralization in fasting dogs Avas also seen in the fict 
Uiat only 17 2 per cent of the duodenal samples in these animals showed free 
acid (a pH less than the critical value of 3.5). 

Free Acid (IHy. 2).-Stomuch. The average gastric free acid I. r 

15 clinical nnila. This ,vas less than that attcf an CaM 
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meal® (21 clinical units), and the maximal values attained ivere not as great. 
The average ga.strie free acid wa.s also much less than that in fasting normal 
dogs.’ There was a contrast between the configuration of the line representing 
the Allotted values of average ga.strie free acid and that representing average 
duodenal pH (Pig. 1). 


AcioiTy IN pH Units 



Fc&'OUuK to 20 30 ^»IDUUM |0 Zo 

Time. in MiisiUTES 



Fig. 1. — Acidity in pH units of samples collected simultaneously from just above and just 
below the pylorus in fasting normal people. 

Duodenum. In the vast majority of instances the contents of the duo- 
denal bulb under fasting conditions showed an absence of free acid; only 10 
per cent of all the specimens yielded a colorimetric reaction with Topfer’s 
reagent, such as was considered positive for free acid. A greater percentage 
of these samples (26 per cent), it will be recalled, were thought to contain 
free acid as judged by their pH values (Fig. 1). The apparent discrepancy 
between these percentages may be attributed to our method of filtration and 
dilution preparatoiy to colorimetric titration which results in a number of 
false negative readings.” Our end point with Topfer’s reagent was about pH 
3.5,” so that a more accurate figure is the one based upon the assumption that 
all specimens whose pH in the unfiltered, undiluted state is 3.5 or less con- 
tain free acid. 

The percentage of duodenal samples positive for free aeid was less than 
in normal people after an Ewald meal in whom free aeid was found col- 
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orimetriciilly in 15.2 per eeut, and oleetrometrieally m 31.7 per cent ot le 
samples.* An added eoutra.st iiidieatin;^ tlic very effective neutralizing po^e 
of the contents of the duodenal I.nlb during fasting was the ^ 

of subjects who had free aeid in tlie contents ol their ^ 
the period of observation. The comparative values are: tasting, 22.7 pei ee^ 
of the subjects (eoloriinetrieally), 40.9 per cent (eleetroinetneally) ; E^ald 


Frele. Acid 




Acio As CO 1^10 Na-OH PEK. loo cx. Coutcmts 


Fig. ■> Free acid as determined on samples collected simultaneously from just above and 

Just below the pylorus in fasting normal people. 

meal, 66.6 per cent of the .subjects (eoloriinetrieally), 75 per cent (eleetro- 
nietricaUy). On the other hand, duodenal neutralization in fasting normal 
persons was less effective than in normal fasting dog.s" despite a greater gastric 
acidity in the latter animals; colorimetrieally, only 6.3 per cent, and eleetro- 
inetrically, only 17.2 per cent of the duodenal samples wei’e positive for free 
aeid in fasting dogs. 

AVhat little free aeid was contained in the duodenal bulb contents during 
fasting showed the same tendenej’ toward a diminution in average values with 
each sueee.ssive aspiration, as had been noted in the case of duodenal pH (Fig. 1). 

Total Acidity (Fig. 3). — Stonmc/i. Average gastric total acidity, as with 
average gastric free aeid, was distinctly less than that in normal people follow- 
ing an Ewald meah* It was also les.s than in normal fasting dogs.' A differ- 
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ence in. cozifiguration of the graphic curves of average gastric total acidity and 
average duodenal pH was evident (Fig. 1). 

Duodenum. Tlie average value for duodenal total acidity was 18 clinical 
units. This and the narrower range of distribution of the individual values 
under fasting conditions indicate a neutralizing eapacitj' at least equal to that 
observed in normal people after an Ewald meal.® Tlie average value and the 
range of values, liowever, wez’e not much less tJian those in fasting normal dogs 
in spite of the greater gastric acidity in the latter.' 


Totau Acioiry 



Totau AciOiry As CC N/lO NaOrt PEB. IOO CC. CoHTtWTS 

Fig. 3. — ^Total acidity of samples collected simultaneously from Just above and Just below the 

pylorus in fasting normal people. 

Here again the contents of the duodenal bulb during fasting displayed the 
rather characteristic trend toward progressive decrease in acidity values. The 
line representing the plotted values for average duodenal total acidity assumed 
a form which was quite dissimilar in patteim from the corresponding curve 
for average gastric total acidity. 

Neutralizing Ability of the Duodenal Contents (Fig. 4 ). — We previoitsly 
defined excess neutralizing ability as a measure of the reserve capacity which 
the contents of the first part of tlie duodenum possess to neutralize, buffer, and 
dilate the secretions received from the stomach above that necessary to offset 
the free acid content.-'- ® 
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The contents of. the tlviodcnul bulb in the fasting state sliglhiy surpassed 
I hose in the digestive state, as measured by this index of neutralizing capacity. 
Tile over-all average was 17 clinical units, which was a little higher than aftei 
an I'hvald meal (14 clinical units).* Only 14..') per cent of all the samples iiad 
no e.Ncc.s.s neutralizing ability, as compared with 20 per cent of those after an 
I'hvald meal. As measured by the same index, however, the neutralizing 
cajiacity was inferior to that in fasting normal dogs;' in the latter the over-all 
average value was greater (28 clinical units), the range of distribution of the 
individual values was wider, and the ivcrcentage of specimens negative, for 
excess neutralizing ability was less (8 per cent). 



rig. i . — Excess neutralizing ability of the duodenal contents in fasting normal jieople 


The fairly typical trend toward a progressive deerease in acidity in tlie 
duodenal bulb with each succeeding aspiration was seen here in the slio-ht but 
definite increase in values for average excess neutralizing ability. 


DLSCUSSIOX 

The figure.s we obtained in the course of this study are not submitted with 
the thought that they establish an ultimate standard for the acidity in the 
duodenal hull) in all fasting normal people. Despite our efforts to control the 
origin of the specimens, undoubtedly some of tliem must have been drami 
<,t ,1. „,ta. ,ha„ those tvMeh 
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The existence of a true fasting gastric secretion in inen is still a moot 
question.^' Even though we made an attempt to avoid all extraneous 

influences and to secure a true resting stale, it is unlilceh' that all normal and 
abnormal stimuli sufficient to influence gastric secretion were thoroughly ex- 
cludedfl The values for fasting gastric acidity which we obtained, while in 
agreement with those observed by others with respect to both pH^“’ and 

titrable acidity,^’ are not advanced as necessarily characteristic 

of the normal fasting stomach. The findings, however, are useful for com- 
parison w'ith like values simultaneously obtained in the duodenal bulb or with 
corresponding values obtained under similar experimental conditions during 
the course of digestion. 

Under our experimental conditions the reaction in the first part of the 
duodenum in man is acid during the fasting state, just as it is during the diges- 
tive state. In a thirty-minute observation period tlie contents of the duodenal 
bulb displajmd a more or less characteristic tendency toward a progressive 
decrease in average acidity values, and a concomitant progressive increase in 
neutralizing ability. This feature was all the more interesting because it 
occurred independently of an.y similar trend in gastric acidity. 

The contents of the “ulcer-bearing” duodenal bulb in fasting normal peo- 
ple are able to neutralize, buffer, and dilute the gasti’ic secretions as well, and 
possiblj’' even better, than during the coui'se of' digestion of an Ewald meal. A 
difference in reaction is constantly maintained between the adjacent pars 
pylorica and duodenal Imlb which about equals that during digestion. While 
neutralization is generally effective (measured by the ability to maintain a 
pH of 3.5 or above), free acid is by no means constantly or consistently absent. 
Therefore, as in the digestive state so in the fasting state as weU, the occasional 
presence of free acid in the contents of the duodenal bulb cannot be considered 
as gi’eatly significant from the diagnostic standpoint.’-- 

The frequently noted lack of sharp parallelism between the several indexes 
of gastric acidity on the one hand, and the duodenal pH as well as the corre- 
sponding indexes of duodenal acidity on the other, permits the conclusion that 
there is no constant relationship between the gastric acidity and that present 
at the same time in the duodenal bulb. 

The fact that neutralization of gastric acid in the duodenal bulb is appar- 
ently more efficient in dogs than in man niaj’’ be related to the fact that dogs 
rarely, if ever, displa.v a spontaneous duodenal ulcer, whereas, man is very 
fi’equently afflicted with this disturbance. 

SUMilARY AND CONCLUSIONS 

1. The “ulcer-bearing” first portion of the duodenum in fasting normal 
people is an acid area with an average pH of 5.60. 

2. The duodenal bulb in fasting normal people is able to neutralize, buffer, 
and dilute the gastric secretions with an efficiency which equals and possibly 
exceeds that during digestion of an Ewald meal. 

3. Free acid is generally, but not eonsistentlj^ absent in the contents of 
the duodenal bulb in fasting normal persons ; its in-esenee cannot be taken as a 
necessai'ily abnormal finding. 
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4. Thovc is no cons, ant rol.tional.ip nnuutainctl '.et''-'- 

laiiMiisly (klcrniiiicil in tlic sloinacli and pouc,. i„ tlio duo- 

5. Fasting normal dogs display a greater neiitialum^ po 

(lenal Inilli than do fasting normal men. 
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AOUTR POSTOPRRATIFE WNP, ABSCESS 


Report of .\ Cbtsu With UNUsr.Ai, Bacterioi.ooic Flvdi.vo.s 


Alr.xandeu Strelinoer, M.l)., I\f.Sc. (JIkd.) 
Elizabeth, N. J. 


I NFECTION is one of the pveveciuisites of the breakdown of lung tissue. The 
iiifeeting organism in .some ease.s is very .speeifie, as in the case of a tuber- 
cular cavity or an ameltic al)see.ss of the lung. These are usually not consid- 
ered under the heading of lung ah.sce.sses ; however, the primary acute putrid 
or acute nonputrid altsee.sse.s of the lun,g are tho.se tliat are grouped under 
this name. 

There are observers of great e.xperienee in this field, among them Neuhof,’ 
who readily ascribe all nonputrid ah.sees.se.s to aerobic, bacteria, and alt putrid 
abscesses to anaerobic ones. NevertJieless, papers by Bucher,- Cohen, and 
Varney,^ witli e.xtensive bacteriologic studies, cast some doul)t on the truth of 
this simple classification. Cohen* reported the results of an exhau-stive hacterio- 
logic study of 16 eases; he emphasized that it is highly debatable whether 
anaerobes are tbe deteianinant feature of putrid lung abscess. He sliowed that 
gamma streptococcus and diphtheroids were present in each of the 16 examined 
eases, and Bacillus mclaninogenicum was observed in 15 of these. A great 
vai’iety of other bacteria occurred in A-aiying numbers. The findings of 
Bucher,* in a larger but seemingly^ not so meticulously' studied group, indicated 
a total incidence of 451 bacteria in 118 eases of lung abscess. Three strepto- 
coccus groups described as heniolyHie, nonhemolytic, and viridans, occurred 93 
times. The next in frequency' was the Micrococcxis catarrhalis, occurring 61 
times; diphtheroids, on the other hand, were found only' 29 times, and the 
Bacillus melaninogenicum is not mentioned in his report. Varney* reported 
27 eases in which certain rigid requirements were adhered to in order to obtain 
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all, but no other organisms than those actually present in the abscess. He 
.stressed the point that anaerobes are found mostly m granules occurring in pas 
of abscesses. In two instances out of a total of 27 all the growth was anaerobic; 
in the other 25 there were both aerobes and anaerobes pi esent. 

These reports bring out the fact that asually more than one bacterial 
species is found in a lung absce.s.s and also, that in manj cases aerobes an 
anaerobes occur, irrespective of whether the absce.ss is putrid or not. A lung 
abscess harboruig only one species of bacterium seems to be rather rare. It is 
of interest, therefore, to report a ease of acute, nonputrid postoperative lung 
absce-ss in which two cultures were obtained from the pus aspirated from the 
lung. The pus was obtained before perforation into the bronchas, or operathe 
drainage would have taken place. Both cultures showed that the only bac- 
terium present was a micro-aerophilic, nonhemolytic, gram-positive stiepto- 
coceus. The case also presented other interesting features. 

G. E., female, married, 24 years of age, came under ob.,ervation in November, 1940. 
Two years prior to this date she underwent an appendectomy for right lower quadrant pain; 
follomng this operation, the pain xjersisted and became her main complaint. 

She had one child and had had no miscarriages. Her menstrual periods came every' 35 
day.s and were of seven days’ duration; usually the pain in the right lower quadrant became 
more intense during the period. She had a “streptococcic” sore throat in 1939, and as later 
verified from the physician in charge, this diagnosis was made on clinical bases alone. Her 
weight was 102 pounds. 

On examination the essential findings were as follows: wide diastasis of the recti muscles; 
small mass on the right side of the pelvis, thought to be due to salpingo-oophoritis, and cervical 
erosion. Treatment consisted of cauterization of the cervix, followed by biweekly diathermy 
and aolan injections. This regime was maintained until Jan. 17, 1941. There was no ap- 
preciable relief. The patient had an upper respiratory infection from which she apparently 
recovered clinically. 

She was admitted to the Newark Beth Israel Hospital on Feb. 9, 1941, and was op- 
erated on, under general anesthesia, the following day. The operation consisted of right 
salpingo-oophorectomy, resection of the presacral nerve, and reconstruction of the abdominal 
wall. She stood the jjrocedure well. 

On the fourth po.stoperative day a nonproductive, spastic, and persistent cough de- 
veloped, the temperature rose to 102° P., but the physical findings were essentially negative. 
An expectorant was prescribed. The cough continued, became loose and annoyingly per- 
sistent. The maximum temperature on the eighth and ninth postoperative days did not ex- 
ceed 100° F., and the patient was more or les.s comfortable. On the eleventh postoperative 
day, however, the cough reappeared, the temperature rose again, and the patient vomited 
most of her food. The temperature reached 104° F. on the fifteenth day, and dullness, but no 
rales, developed at the base of the right lung. SuHathiazole was given by- mouth, but the 
patient did not retain it. On the following day sodium sulfapyridine was given intravenously. 
The report of the x-ray examination of the chest was: “Pneumonic type infiltration of 
mesial portion of right base. ’ ’ The pmtient felt pain at a well-circumscribed point at the 
base of the right lung; she was tapped here, and about 1 c.e. of heavy pus was obtained; it 
did not seem to contain any granule.-*. On the following two days the patient was slightly 
more comfortable, the cough being nonproductive and persistent. The patient was tapped 
again on the nineteenth po.stoperative day at the point of greatest pain, and a few cubic 
centimeters of heavy creamy pns were obtained. The bacteriologie report on the smear and the 
culture of the pus both time.-, wa.s: gram-positive, micro-aerophiUc, nonhemolytic strepto- 
coccus. The following day the patient looked cyanotic and to.xie, coughed, and vomited con- 
tinuoulily, nnd her tempuniture remained above 102® F, s 






HTKEl.lNC’iKU: I’OriTQl'KU.VTlVK lArSG ABSCB^.S 


1513 


la view of tile^e nluTming ^ymptoiiis vvitli tUc pliysiioal findingr, au<l of Iiaving 

obtained pus twice by tup, it was felt tliat a diagnosis of etiipyciiia was justified. Dr. Aaron 
E. Parsonnet saw the patient in eonsidtatioii. He eoneurred in tliis opinion and advised im- 
mediate tivoraeotomy. Tiie patient was transfused and operated upon on tlie same day. A 
two-inch part of tlie nintli and tentlt ribs was reseeleii in tlie scapular line, and the pleural 
cavity was opened. It was fotim! free of fluid or inflammatory changes; there were no tid- 
hesions between the two pleural leaves. The visceral pleura was yellowish and discolored over 
an area of about an inch. The lung wns aspirated at that point, and a few cubic centimeters 
of creamy pus were obtained. A piart of the lung tlie size of a silier dollar was sutured to 
the parietal pleura, and iodoform packing was placed in the wound. On the next day the 
lung was entered at the exposed part by cautery, one finger was inserted, and friable tissue 
was broken up. The cavity was drained by rubber tube and packed with activated zinc picrox- 
ide cream and gauze. Xone of the pus specimens nor the wound afterwards had a foul odor. 



FIb. 3 — Roentgenogram taken one week later, itarch 10. 1911, showing marked recession of 

the process. 


Within a few hour.s after pneuwonotomy, an impressive change occurred. The general 
appearance of the patient improved strikingly, the cyanosis and toxicity lessened; never re- 
turning to the same degree during the eventful and rather stormy postoperative course. 


The appearance of total empyema was feared; it did not occur. .\t the first change of 
the dressing, one day after the pneumonotomy, activated zinc pero.vide cream (Z.P.O.) was 
injected through the drain tube into the lung cavity. It resulted in such an e.vasperatino- 
coughing spell, that its use had to be temporarily discontinued, and powdered sulfanilamide 
substituted for a while. Later Z.P.O. was used again. From the very first day of pneu- 
monotomy a bronchial fistula was present. The temfietature tliroughout the' twenty dav.s of hos- 
pit.aVixation following pneumonotomy continued to be about 10.1“ P. Jaundice was noticed on 
the ninlU day postoperativcly (bilirubin was 2.7 per 100 c.c.) ; it subsided as the oeaeral con 

vety little sputum, and was often 
followed by vomiting. .Vbout two weeks after pneumonotomy, burrowing appeared at the 
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STBE1.IN0KK ; 




■ tiMit was clicerful, tlic persistent cough, tlie 
upper ami inner woumt margins. Though ' ^ ^ eoudition became .stationary, 

vomiting, ami the higl. temper.tture caused U>r l^ f„,tv-first .lay of hospitalization, 

and the patient was .ii.sclmrged on Mar., i , nersiste.l, causing further lo.ss 

Up to April 15 , the burrowing at ,iJl,chloranu.l in triacetin. On 

of tissue. For a while Z.V.O. was used, point; it seemed that 

April 13 , the overhanging wound edge .'■eemv. ,Vpr'il 15 this inelting-douTX process 

some supterimposed infection helped to . es '"‘’J ^ ^ patient's condition im- 

neatly scooped off all the .wethangiug edge. Front th.s pomt t _p ^ ^ 


From lilts 1 , ..noco -p .tailv 

rtivmi" between 102“ and 102.6 F. dail>, 
proved rapidly; the daily tempera ure c , ' ^ jown to the dangerous 

tapered down, and the vontiting eeased. Mer ^v The skin wound 

level of 72 pounds, started to come ha. . 

and the bronchial fistula closed eompletely b> - a\ o 1141/, pounds, and with no 

E— » .»-«> r'rinS i.»P>..ay - 

clinical symptoms. Of further interest is the fact lua 
Ueved from right lower iiuadrant pain. 


COMMEST 


1. I„ tWs .l.e x..ay cxa.„„«Uo„ Mno. 
aud Judd" reported Hat a.i ato can c'aii toto the abaecas 

soine kind has been establiahed tluKPei^^t^^r^^^ 

canty. The alternative possibility o£ - ^ to jiave been 

tion by bacteria; such an ^ ; .e tosed forms of abscess can- 

reported in the literature. Palugyai stated that acute 

not he differentiated from tumoi. 0 *Tn this case v-rav findiu'rs 

ahaceaa may ahoev either earity or dense mfiltration. , In the. ease, x lay hn<tm.s 

indicated a pneumonic type of infiltration. 

9 There Nvere no adliesions beU'een the parietal and visceral leaves of the 
ptor'a t^ra de«e abaeesa rvas already present. Th,a retn.ea the claim 
ml C :™e that adhesions are ahvays present. The ^ 

an interlobar fissure, thus excluding the presence of niMSible adhesions. 

3. Pus mas obtained twice, and later the abscess was formd at the site of 
the most intense pain. This fact may be used as a lead in futui-e cases. 

4 The improvement within a few hours after draining the abscess was 


striking. 

5 Diirin- recovery it was noted that the intercostal spaces were narrowed 
and that the right half of the chest, harboring the abscess originally, became 
smaller than the other half. Following complete closure of the wound, the 
chest re-expanded and the intercostal spaces widened. 

6 Pus for culture is rarely obtained prior to the abscess opening into the 
bronchus. It cannot be obtained by bronchoscopy because the abscess did not 
perforate. It can hardly be obtained by operation because the examination of 
ail abscess before perforation fails to disclose a cavity, and therefore, an opera- 
tion is usually not perfomed. This, in large measure, is also the reason why 
aspiration is not attempted, the other one being the likelihood of a resultant 
empyema, following the needling of an abscess at an early stage. Superimposed 
infections easily occur after the abscess perforates, and therefore, examination 
will naturally disclose more than one bacterium. In the case reported, an aspira- 
tion was done because the physical findings indicated a pleural process. Both 
through error and lucky coincidence the needle entered the lung. Pus was found 
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twice, yet the pleural cavity was not infected. Thus t)ie piis of a lung abscess 
Avas obtained under sterile conditions before the usual perforation would lam 
occurred. The chief reason for only one bacterium being present may be due to 
the fact that there was complete absence of superimposed infection. It seems 
fair to assume that this bacterium caused the infection because the identical 
organism was obtained lioth times, and no other bacteria Avere found in either 
instance. The bacterium is a nonhemolytic or gamma streptococcus, belonging 
to the group that Avas re]iorted by Cohen,^ in each of his 16 cases. This bac- 
terium, thougli miero-aerophilie, differs from the streptococcus described by 
Meleney; his being a hemolytic strcptoeoceiis not causing any persistent feA’er. 
Meleney and Harvey® stated that “there is usually a moderate fever and a 
modei’ate pain in the Avound. At times the fever may reach 103° F. for a period 
of days, but usually it remains at a lower level.” No cultures Avere made after 
pneumonotomy. It seems that tiiis bacterium caused burroAving, high fever, 
and toxicity, Avhile even the smallest amount of burroAviug peisisted, though 
secondary infection might liaA'c played a part in this. These features make 
this bacterium different from the Meleney streptococcus. At least one author, 
Eeicher,° called attention to a streptococcus that Avas not hemolytic, but burroAv- 
ing. 

7. Finally, this streptococcus AA'as the sole bacteriologic cause of a lung 
abscess. 

SUJIJIARY 

A ease of lung abscess is reported. Pus for liacteriologic examination Avas 
obtained before the abscess perforated. TJie bacteriologic examination shoAA'ed 
that only one bacterium Avas present, a micro-aerophilic, nonhemolytic, gram- 
positive streptococcus. 
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BENZENE POISONING IN INDUSTRY 


Rex H. Wiuson,® ILD., Akrox, Ohio 


A S THE national defense program alters imlwstvy to suit its needs, it is 
placing increasing burdens on the industrial physician. In the imbber 
industry one of the problems confronting the medical staff is the increasing use 
of benzol and the physical hazards it presents. 

Pure benzene, is a coal tar distillate. It is a colorless limpid liquid 

with a characteristic odor which is rather pleasant. It boils at 80,2° C. Its 
specific gravity is 0.S79. It is soluble, 0.07 Gm. in 100 c.c. of water. It is some- 
what soluble in alcohol. Pure benzene is not used in industry. The commercial 
varieties contain from 2 to 10 per cent toluene, xylene, olefins, paraffin, and 
carbon disulfide. It is an excellent solvent for rubber gums, resins, celluloid, and 
fats of all kinds. It is the best solvent for certain types of synthetic rubber be- 
cause it dries faster and is cheajier. It is these properties that make its use so 
prevalent in the rubber industry today. 

It is used extensively in the rubber industry, in the leather industry, in 
varnish and paint removing, in gilding and bronzing, in spray gun paints, coal 
far paints, and to a small extent as a motor car fuel. 

Benzol poisoning may result from absorption of the benzene by the respira- 
tory tract or the alimentary tract, or through the skin. In the majority of cases 
absorption through the respiratory tract Is the common mode of entrance. Ab- 
sorption through the skin is slow. A considerable amount of fumes maj- act as an 
asphyxiation agent. With the use of annuals the United States Public Health 
Ser vice states that concentrations as low as 5 parts per million may cause symp- 
toms. Cases of poisoning in human beings have been found with concentrations 
as low as 25 parts per million. Concentrations of 50 to 100 parts per million 
are considered to be safe for the average pereon. Individual susceptibility varies. 
Some are able to withstand much higher concentrations than others. This factor 
in itself causes a big problem in industry, .since ventilation adequate to maintain 
a concentration within safe limits is still not enough to prevent the person whose 
tolerance is low from absorbing the chemical. 

The following statistics are those of a factory in the rubber industrv that 
has been using benzol in small quantities for years. With the advent of lar^e 
war orders and the increasing use of srnithetie laibber, patients came to the com- 
pany hospital with complaints of malaise, nausea, and vomiting, and in a few 
cases, of bleeding. An immediate cheek was made on all employees using benzol 
to airy extent. Complete blood counts were done on 1,104 people. Of this 
number S3, or 7.5 per cent, .showed mild blood changes and gave symptoms of 
having some slight absorption of benzol fumes. Twenty-five, or 2^2 per cent 
showed severe blood changes with .symptoms of severe benzol intoxication. These 
patients had to be treated over a long period of time. Of the above 25 casas 9 
were co nfined to the ho.spital for a period of time and received blood transfusions 

*Xo\v Captain in United State.^ -Vrmy, Xledical Corps. 

Itcceivod for publication. March 12. 1942. 
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varying in number from a low of o tn i • , . 

died For absolute certainty in the di-ilnosF P‘dieuts of the above 

were done on all the severe cases. TJ.is f ‘i^id study 

- with aplastic anemia, or 12 per cent ^ Patients out of 

to le due to the extreme emotmt of treotm"’'. ”• "' 

Will be explained later. fdtment received. TJie treatment given 

T. T , SV.MPTO.MS 

.individual susceptibilif v ivt ii, . 

toms. Some patients can apparentIvZ'exn i'f ?’ "PPearance of .synip- 
lout effect. Others sliow ^•“'^-"drations of benzol 

parts per million. The United ki i Pub i’Tr ''“'“■'‘'di'iition is as low as a 
telligmit girls are the most siiscept bl ‘ ‘^^d^s that young in- 

Acute benzol poisoning is rare Tl. 

able to the central nervous system f "’Ploms of an acute case are refer- 

lolent tivitchings, exhaustion,' paralvsirm.! «^dvation, 

paralysis of the respiratory cenL. “ ‘Convulsions, and death from 

of the fumes; that is, concentratfons‘'ui,df‘'T”r ""’‘dl concentrations 

0 easional sham exposures of 500 ^o l OOO "er million, with 

obtained from the openiim of -i o-^ ^ rT ”“^1011, such as occur when 
a eiial containing benzol. The concentr u'*” ° ^"cn^ol or from the heating of 
studied ivere exposed varied betJee 5^ i“-nn "ddcli the patients 

average concentration being 0110 ^100 n T million, ivith the 

are assitude, malaise, nausea, vomitiim Z ‘'le symptoms 

111 character. If there is anv skin absorntf"'^^^’ ^‘®odaelies, usually frontal 
at the site of exposure. As e.xposure 0011)11,,”“’ '““"dar dermatitis will appear 

eyeie. Petechiae, scattered over the bn 7 above symptoms become more 
sl^ and from the body cavities may of under the 

petechiae were the first sjTOptonis thal an, eeclij^oses and 

he count ivas normal. In fiy) davs the IS n i’ ‘^PP^-’a-ce 

especially for close distances, occurs in so! ^ ^^ 0 . Diplopia, 

usceptible, or if the exposure has b Person is highi; 

logie or functional depression of the bone d‘;«I‘^iiged, he niaj- get pliysio- 

slight hematopoietic suppression degree from a 

The symptoms of a total nni ■ ^ ^ “ marroiv aplasia. 

Ijy prostation. On the other ha!,d u " 1 ',!!^ “■’sorption f„ll„„.ed 

may appear. Aside from fatigue li’e mav l,av ®d'ange how well the patient 
The best index of benzol al,sn,-nf ^ ^ °dier complaints. 

^lould be done rvith pipettes that have” been tt” ’'!°°d; count. All blood counts 
Bureau of Standards. The improved ^Vewcom United States 
ermination is preferable. All compon^nn’ Ti de- 

lowered. Most important, the totaf leueocvi ^ ^ °°d affected, being 

should be made to the differential count Th ” reference 

to monocytes is changed. The number of P‘'iyniorplionuelear cells 

phoniiclear cells decrease. The red blood c!n ! “^^veases and the poljmior- 
drop of 25 per cent, the employee should be reif^fr ^‘’wered. If it makes a 

globin also falls. It has been reported by^some ifvf f 

oy some investigators that the blood count 
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may Im raised at first. However, when tliis oeeurs it is qiiiekly lollowcd by a 
general lowering of the eount. The platelet count is lowered, dropping to piac 
tically zero in severe eases. Tlie reticulocyte count is also lowered. The pro- 
tlrroinbin time is normal. Tire resulting picture is one of aplastic anemia. One 
of our patients exhibited a (murrt of 125 white blood cells, 1,500,000 red blood 
cells, and 25 per cent hemoglobin. This tnarr died. The red blood cells exhibrt 
ariisoeytosis, poikiloeytosis, and polyehronratophilia. In all patients showing a 
marked blood redirction a bone marrow biopsy should be done. The degree of 
apla.sia can be determirred, arrd irsually an accurate progno.sis can be made. 
Patients with total apla.sia always die. Patients with partral aplasra have 
a prognosis dependent itpon the amorrnt ol regeneration present. 

Urine examinations are usitally negative for albumin and srrgar. The 
urinary sulfate te.st, which is a ratio between the total srrlfates and the inorganic 
.sulfates present in the urine, is useful itr iirdicating absorption of fumes. The 
ratio is lowered wherr the absorptiorr is gr’eat. This is because the inorganic 
sulfates are increased. This test is irseful only at time of exposure, the ratio re- 
trirTiing to rrornral ur aboirt forrr’ horrrs when the patient is irr fresh air. NotmaUj 
the ratio is aborrt 0.75. Irr severe exirosures it may be lowered to 0.25. Loweritrg 
of the ratio is an indieatioir for removal of tbe employee fi’om cxposrrre to the 
fumes. 

The blood prc.ssure may Ire lowered. This test is rrot significant unless it is 
accompanied by other positive firrdings. 

DtFFERENTI.M. DrAGXO.SrS 

Aplastic anemia is to be differentiated from agranulocytosis arrd acute 
leucemia. The symptoms of both of these diseases ar-e very similar. In agranulo- 
cytosis the red blood cell and platelet counts ar-e usually e.ssentially normal. In 
acute leucemia the white blood cell count may be normal, raised, or low-ered. The 
differential count shows a marked increase in very young white blood cells at the 
height of the disease of acute leucemia. The liver and spleen are rrsually err- 
larged in aerrte leucemia arrd are rrormal in aplastic arremia and agranrrloeytosis. 
The lymph nod&s are normal irr aplastic anemia and are irsualh' enlarged irr 
leucemia. In agranulocytosis the hmiph nodes of the neck are usually errlarged 
and are painful and tender. Hemorrhages are common in aplastic anemia and 
leucemia, arrd are rare in agranrrloeytosis. Sore throat is common irr leucemia 
and especially so in agranrrloeytosis. It mu.st be recognized that the differential 
diagnosis between these three diseases may be difficult. Bone marrow strrdies 
usually reveal the proper diagnosis. 

PROPHYL.VXrS 

This problem is one of major importance. The cooperation of the manage- 
ment of the compairy is nece.s.sary. Marry different ideas have been expressed Im 
the subject. Of course, the ideal situation would be to do away with the use of 
benzol. Toluene is mentioned as a .srrlrstitute. This chemical, which is methyl 
benzene, is not as toxie as benzol becairse of its liigher volatility. However suffi- 
cient concentrations of the fumes of tolirene will act in the same marrrier as 
benzene. 
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Adequate ventilation is an important prophylactic measure. A elo.sed 
system of ventilation where the workman comes in contact witJi no fumes is ideal. 
Any other type of ventilation is not entirch' safe. So long as any fumes arc 
present it is possible that into.xication may occur. 

The health of people working in benzol should he kept under constant super- 
vision. Any illness or .symptoms of illness should be investigated. Frequent 
blood counts .should be made. Occasional urinary sulfate tests are of value. 

The following program is suggested : 

1. The testing of frequent air samples with a combustible gas indicator. 
Introduce ventilation in an endeavor to keej) the concentration of benzol 
in the air as far below 100 parts per million as possible. 

2. All new cmplojmes, before being permitted to woi'k, should be given a 
complete blood count. Any persons with blood dyserasias should not be 
permitted to work in benzol departments. No one should be allowed 
to work in a benzol department ivith a white blood cell count below 
5,000, or above 13,000. 

3. After ten days’ employment the employee should be given a urinary 
sulfate test at the end of a working day. If the urinary sulfate ratio is 
below 50, there is a tendency to absorption, and the employee should bo 
removed from the benzol department, 

4. Any employee exhibiting sj’inptoms should be sent to the hospital' for 
blood studies and physical examination. A drop of 25 per cent in any 
blood components is sufficient reason for removal. An employee who 
is so removed should be .given one week vacation and then placed on an- 
other .job. During the week off the employee should remain as much as 
possible in the open air. At the end of the week the blood .should be 
reeheeked. If normal, tlie employee may be permitted to return to work 
in a nonbenzol department. 

An ideal arrangement would be to use a .s.vstem of repeated blood cheeks' 
on exposed emplo.vees. If this were done at intervals of approximately every 
two weeks, it would be of benefit, but even then no positive guarantee could be 
given that poisoning would not occur. This type of test may be prohibitive in 
large industry because of the number of technicians needed to perform the. 
counts. 

TREATMENT 

111 patients with mild intoxication, with or without a drop in the blood count, 
the treatment is removal from the fumes and plenty of fresh air. These patients 
will return to normal in a few days with no medication. 

In patients in whom absorption is sufficient to cause a marked change in the 
blood picture more active treatment is necessary. These patients are placed at 
absolute bed rest. Multiiile small ivhole blood transfusions (about 250 e.e.) are 
n-iveii. One patient was given 50 transfusions, anotlier 36. Tlie patient is 
alkalinized with sodium or iiotassium citi’ate on the possibility tliat this might 
prevent a reaction to the transfusions due to acidosis. Wlien severe reactions 
occur, blood plasma may be used in place of whole blood. 
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Direct bone marrow transfusions may lie given as often as twice weekly. 
Ill this procedure 2 to 5 c.c. of bone marrow are removed from the sternum of 
a compatible donor and introduced directly into the sternum of the patient. 
From the .same donor 250 to 300 c.c. of blood are drawn and transfused into the 
patient. This is followed bj" 1,000 c.c. of normal saline solution. 

Ten milligrams of liver are given intranuuscularly daily. Large daily doses of 
liver, iron, calcium, phosphorus, yellow bone marrow, and multiple vitamins are 
given by mouth. A total of 400 to 600 mg. of ascorbic acid are given daily by 
mouth. This has been claimed by some investigators to be a necessary adjunct 
ill treatment. A full diet is prescribed. The patient's general hygiene is im- 
proved as much as possible. Bleeding areas are stopped if at all possible. 
Pentnucleotide has been used and found to be effective in some cases. 

The resistance of these patients is low due to the agranulocytosis. Secondary 
infection, the most common of which is a Vincent’s organism infection of the 
mouth, is one of the causes of death. For certain t.vpes of severe secondary 
infection sulfadiazine in 4 Gm. daily doses has been used. Sulfanilamide powder 
was used on one case of secondary streptococcus infection with good effect. How- 
ever, the sulfone products must be used with care since they are bone marrow 
depressants. 

The response to therapy is slow since a considerable time is necessary for the 
bone marrow to regenerate. One patient has been under treatment for twelve 
months. He still has a low hemoglobin and red blood cell count. It has been 
suggested that a splenectomy be done on patients who do not respond to therapy, 
the rationale being that the spleen has an inhibiting effect on the bone maiTow. 
This procedure has been reported to be successful in several patients who other- 
wise would probably have died. 

The treatment at best is not wholly satisfactory. In too many patients the 
disease proves fatal. The problem of the use of benzol has become a large and 
vital one and as yet is not solved. 

Probably the most important fact to remember about the use of benzol for 
industrj' is never to sacrifice caution in the use of benzol because the result of 
carele.ssness with this chemical is usually death. 

suvni.ARY' 

Out of 1,104 people tested wLo were exposed to concentrations of benzol 
fumes averaging about 100 parts per million for varying periods of time, S3 
or 7.5 per cent, show' slight blood changes, indicating slight absorption of the 
fumes. Twenty-five, or 2.2 per cent, showed marked blood changes. Nine of 
these 25 patients had a severe enough aplastic anemia to demand ho.spitalization. 
'Three patients died, a 12 per cent fatality out of all the patients showing absorp- 
tion, or 0.27 per cent fatality out of all the people exposed to the fiunes. This 
degree of fatality of patients with aplastic anemia is considered to be low. The 
fonu of treatment was multiple whole blood and direct bone marrow transfusions 
as well as liver, iron, calcium, phosphorus, yellow bone marrow, and multiple 
vitamin therapy. 

Prophylactic measures recommended are adequate ventilation and constant 
medical supervision, which is best done by frequent blood examinations. 



THE BLOOD PATTERN AS A CLUE TO THE DIAGNOSIS 
OF MALIGNANT DISEASE 


H. Lkox.\i{d Boucx, I\I.D., ILvll Rivkk, i\I.ASS. 


T he early diagnosis of carcinoma is a goal eagerljs- songlit l)y science in order 
that treatment may be undertaken before it is too late. The greatest obstacle 
to progress in cancer tlierapj’ is the vagueness of tlie early complaints and the 
obscnrit 3 '^ of physical findings. As Fitz remarked in 1939 A 

“Cancer presents a bewildering problem. To me the impressive feature 
of watching such eases was the apparent suddenness of onset of important Si'inp- 
toms. ... If this is true, what is badl.r- needed is a te.st for carcinoma analogous 
to the tuberculin test for tuberculosis and the Wassermann test for syphilis, so 
that cancer can he recognized in its preclinical state. Until such a test is dis- 
covered, cancer inevitably must continue to be discovered in most cases, n-hen it 
is already far advanced. ' ’ 

To this end investigators have utilized the laboratory in an effort to discover 
the presence of cancer cells in the body before the appearance of clinical sj'mp- 
toms and signs. In 1940 these statements appeared- regarding the status of the 
search for a serologic test for cancer ; 

“It may be doubted whether it will be possible for science ever to place 
at our disposal a test so delicate as to indicate the existence of a few cancer cells 
in the human body; yet this is precise!}' the type of test most desired." 

“Ordinary examination of the blood reveals no condition peculiar to 
malignant disease. Most observers have found a deeiease in I'ed cells, some have 
found a diminution in hemoglobin, otheis have noticed an increase in leukocytes. 
All these findings, however, are present only in the later stages of the disease. 
In many cases reported, the notation blood negative will be found.” 

According to Stahl, ^ the origin of blood aJid the oi'igin of cancer are veiy 
closely interwoven in primal embryologic stud.v. Investigation indicates that 
there is a specific cancer cellule. This is always an immature, never a mature, 
cell. In the normal organism a growth-control hormone is pi’esent; when this 
ceases to function, the cancer cells grow, and if this growth is not cheeked, the 
neoplasm progresses, causing deva.station and death. 

In 1935 Boyd" stated that cancer may be regarded in two ways. It may be 
the expression of a power for unlimited ])roliferation, which develops in a tissue 
at a certain age in its genetic life history; or a malignant condition may be im- 
posed on cells from without b.v a number of carcinogenic agents, such as coal tar 
or dibeuzanthracene. Of the exact meehaziism nothing is known, and may 
never be known. 

Received for publication, llarch 13, 1942. 
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Does the answei- lie in a study of the blood? In a physiologic sense the blood 
is a part of evevv tissue, and any change involving the fixed tissues of tbe body 
must affect the blood. Thus ive have a picture of deformity of the red blood 
cells in anemias sufficient to clinch the diagnosis even without clinieal evidence. 
Hematopoiesis is the sum total of the integrated functioning of all the tissues of 
the body. 

There is not space to review the various tests which have been proposed to 
detect the presence of cancer cells in the human body. Fuchs s"' test for malig- 
nancy appeared in 1925. He examined the blood of 92 persons with cancel* and 
48 controls without malignant disease. The blood serum from every cancer 
patient digested heated human fibrin; the lilood serum of the controls was in- 
variably negative. This test has furnished the basi^ for later investigation. Re- 
cently Robinson® used a modification of the test in 200 patients in the Vander- 
bilt University Hospital. RosenthaU published results with this method at the 
University of Pennsylvania. Esculies of Buenos Aires* discussed results in 
1940. 

They stated that they isolated an ether-soluble protein from the serum of 
cancer patients, which was either the product of abnormal metabolism, or a 
protective ferment called into being against the invasion of abnormally 
metabolized protein derivatives. Further investigation is to be carried on to 
determine \yhether the protein isolated by these authors possesses fermenting 
activity in the presence of the same serum from which it was extracted, as well 
as the precise polarimetric deviation. 

This test has the following limitations : 

1. The groivth must be over six months old. 

2. The patient should not have been operated upon or have received radium 
or roentgen-ray treatment for at least a month. 

3. The tumor must be in a period of active growth. 

Pfeiffer’s® ci-ystallizatiou method for the diagnosis of cancel*, which ap- 
peared in 1938, has also been widely used. He claimed that the patterns which 
crystals assumed after the addition of diluted blood to a solution of copper 
chloride was a method of differentiating between health and disease. A certain 
cross formation was characteristic of tuberculosis ; a wing pattern was indicative 
of cancer. In cancer, howevei*, the blood picture is decentralized and dis- 
organized. The more niunerous and defined the groupings, the more advanced 
the cancer. The fact that cancerous blood actually produces these differences 
which are uniform in kind, is readily established even with a few tests. Rascher 
of llunich’® and Grimer of iIonti*eal“ have used Pfeift’er’s method with per- 
sonal modifications and have obtained a high degree of accuracy in diao-nosin" 
cancer. 

Tile test is fairly simple. One drop of blood from a finger prick is allowed 
to fall into 1 e.e. of distilled water; after thirty minutes 2 drops of this are 
introduced into 10 c.c. of a 20 per cent solution of copper chloride. After thirty 
seconds the mixture is poured out upon specially prepared plates restino- in \ 
chamber. Readings of the crystallizations are made after eighteen houi-s° 
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can be used (not later than XflTui^ owT''" 

lepeated after excision of the cancer T some instances the test was 

which was interpreted as indieatino- comnletrren t negative, 
positive, the patient was watched caroft.ll repeatedly 

located. caiefully, even though no tumor could be 

Reports from the Lankenau HosnifaP- 0,1 o/^ 

m diagnosing early cancer. The test necrl •' Tcliability 

ni a large medical center because of the diS f 

cancer pattern is described as two wiims ri. 7. technical procedures. The 
wings extending on the same side of the basis Ihie^^"' ^ straight basis line, both' 
The blood sedimentation rate Ins Iipo 
diagnostic aid. Its use in gynecology ' obstetils^^ i^'"'^ ^ 

methods of performing this test are set forth ' ’ and the different 

He outlines the Schiller modification of this tTf article by Hirsh.'^ 

analyzes the various theories regardiin the ff/' 7 “PPUcation, and 
with which the erythrocytes settle. Thlniost nifluence the speed 

production involves a breaking down of tissue m°7 ""‘^Planation is that toxin 
integrated tissue proteins stimulate fibrino..pn r 7 PTodiiets of dis- 

ment of Hiisli is significant : “ °i^iation. The following state- 

“We believe the sedimentation rate depends nn +1 
proteiu in tlie circUation. In preB.,.„„y, tMs is the I..'oteiro«etall,“ bS” 
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in infection, it is the protein of bacteria, and in malignancy or coronaiy occlu- 
sion, it is the protein of necrotic tissue. ’ ’ 

The test, although not specific for any one condition, is of great value in 
estimating the degree and progress of disease. According to Schiller: 

“If a malignant growth be removed operatively, the blood sedimentation 
rate should return to normal within six weelcs if complete removal has been ob- 
tained. If the rate returns to normal and remains normal at least six months, 
one may give a guardedlj' favorable prognosis. If the rate becomes abnormal 
within this time, it is suggestive of local recurrence of the growth or metastasis." 

Wolfson and his co-workers“ recentl 3 ' pulilished an article on earl}' diagnosis 
of malignant metastases to the spine, and discussed the value of the erythrocyte 
sedimentation rate, which has a definite correlation with metastatic involvement 
of bone. Malignancy is often associated with an elevated phosphatase level and 
a rapid sedimentation rate. 

In 1939 Goldberger*'’ published his report of a rapid bedside test for 
measuring the blood sedimentation rate. He pricked the finger of the patient 
and allowed a small drop of blood (about 3 mm. in diameter) to touch the under- 
surface of a clean glass slide. Since the first drop collected will be thickly 
rimmed, a second and third drop are touched to the slide. Then the slide is 
righted and the drops of blood are allowed to clot and dry spontaneously in a 
horizontal position. When dry, the blood is observed maeroscopically by holding 
the slide up to the light. The criteria for reading the film are as follows: 

1. Fineness or coarseness of general detail. 

2. Character of meshwork, if present. 

3. Presence or absence of central agglutination. 

4. Presence or absence of peripheral rings. 

With these in mind, four classifications of sedimentation rate can be made: 

1. Normal — very fine detail; no meshwork; gradual transition from periph- 

ery to dark central agglutinated mass. 

2. Moderately rapid — detail somewhat coarse, but uniform throughout; 

meshwork not. particularly noticeable; there may be the beginning 

of a central agglutinated mass. 

3. Rapid — coarse detail; meshwork fine, but easily observed; no central 

agglutinated mass. 

4. Very rapid — very coarse detail; definite meshwork; no central agglu- 

tinated mass. 

By careful study of a great number of slides, Goldberger found that this 
method proved to be a simple, rapid, qualitative gauge in the diagnosis of 
coronary thrombosis, rheumatoid arthritis, salpingitis, etc. He found that the 
rate at which the red blood cells settle is directly proportional to the degree of 
their rouleau fomation. Moreover’, there was no correlation between the red 
blood count and the character of the drop of blood on the slide. 

This problem of the blood sedimentation continues to give rise to much 
speculation. Rubin and Smith’® believe that the volume of the erythrocytes 
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exerts an important influence on the sedimentation reaction under all conditions, 
and that probablj'^ ph 3 'siologic changes in the sedimentation rate are also, to a 
great extent, influenced by the eiythroeyte factor. 

Davison,*' in studying the separation of the blood cells from plasma (sedi- 
mentation), concludes that the process is dependent on rouleau formation. In 
normal or slowly sedimenting blood, each rouleau contains few erythrocytes, and 
the cell aggregates appear evenh' distributed. In pathologic blood showing rapid 
sedimentation, each rouleau contains manj" corpuscles, and the rouleaux are 
clustered together, leaving large areas of free plasma between them. The 
sedimentation rate is directly proportional to the size of the cell aggregates or 
rouleaux. 



Figr. 6. 


Impressed with the simplieitj'^ of Goldbei'ger’s method, the author decided to 
obtain a similar record of the blood on every patient, to see whether it would 
afford material aid in diagnosis, prognosis, and therapy. In each case, the finger 
was pricked, and 3 small drops of blood were collected on a glass slide and 
allowed to diy after the method of Goldberger. The patterns which the blood 
assumed, both maeroscopiealb^ and microseopicallj^, have proved of great value, 
especially when considered with clinical and laboratorj^ findings. 

The most interesting phenomenon was the distinctive pattern of the blood 
obtained from cancer patients. The pattern characteristic of normal blood 
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and of blood from patients witli ulcer, inflammatory disease, etc., is devoid of 
nieshwork. There is no lireaking up of the fibrin ; the blood is more compact. In 
the central part of cacli drop of blood is a dark agglutinated ma.ss (Fig. 1). 
Invarialily, tlie pattern formed liy cancerous blood is that which I describe as e 
“dotted curtain” type (Fig. 2). Peripheral rings are absent, and no^agglu- 
tinated mass can be seen in tlie center. The blood is broken down into do s. 
The microphotograph of normal blood (Fig. 3) and (Fig. o) is contrasted wi i 
the microphotograph of cancerous blood (hi.g- 1) and (Fig. 6). n er t e 
microscope the cancerous blood shows numerous three-cornered, tri-a.steroid 
spicules scattered throughout. In no other condition ha^e these spicules oi ra\s 
been found in such abundance. 


In si-N conditions listed in Table I I ha%-e demonstrated that a positive 
pattern was obtained. In all these, however, the clinical findings ha\e differen 
dated the condition from cancer. ^Moreover, the positive reaction gradually 
changed to negative as the proper treatment was in-stituted. The laboratory 
analysis of the blood shed no light on the problem of diagnosing cancel. 


Table I 


CoNDiTioss Yielding TE.MPor..vRy C.vrcls-o.ma P.vttern 



POSITIVE 

NEGATIVE 

TOTAL 

Acute rheumatic fever 

.3 

7 

10 

Rheumatoid arthritis 

2 

2 

4 

Active tuberculosis 

5 

8 


Pregnancy 

3 

4 

7 

Pernicious anemia 




Coronary disease 

4 

6 

10 

Total 

19 

29 

48 


Table II 


Cases of App.vp.extly Cured Cancer 



POSITIVE 

NEGATIVE 

TOTAL 

Clinically Cured After Surgery: 



2 

Breast 

0 


Stomach 

0 

1 

1 

Rectum 

1 

3 

4 

Prostate gland 



3 

Clinically Cured After Irradiation or| 
Radium Therapy : 




Epithelioma, face 

Hodgkin’s disease 

0 

1 

1 

0 

1 

1 

Breast 

I 

3 

4 

Sarcoma 

0 

1 

1 

Total 

3 

14 

17 


The same transition from positive to negative blood pattern on the slide oc- 
curred when “cures” were obtained in cancer patient.s, either by total e.xtirpa- 
lion surgically of the neoplasm, or radium implantation, or deep x-ray therapy. 

The eases I have had in this category are noted in Table II. 

Although the cases listed in Table II are few, tlie tendency is for the blood 
pattern to approach normal with eradication of canceroius elements. In the "reat 
majority of cancer cases, whether treated or untreated, tlie blood shows the 
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typical carcinoma pattern deserilied above.- It is so characteristic that it is 
usually possible to identify at a glance which of the slides bear the cancer 
pattern merely by holding them up to the light. 

No relation has been found between the blood count and the carcinoma 
pattern. The similarity of the blood analyses in normal and cancer patients is 
apparent from a study of 50 unseleeted ea.ses in each category, as seen in 
Table III. 

t.\ble hi 


TYPE 

XO. OP 

CASES 

HEMOGLOBIN' 

euythrocyte ' 

COUNT i 

LEUCOCYTE 

COUNT 

Normal 

50 1 

70 %- 92 % 

3,300,000 to 
4,500,000 


Carcinoma 

50 

J0%-90% 

3,000,000 to 
4,200,000 1 

■ilHiiiil 


Tables IV and VI include analyses of the various conditions encountered in 
my practice shice 1939, and the type of blood patterns which were noted on the 
slides. In some instances, these tests were made on the same patient weekly or 
monthly, before and after treatment for the specific condition. 

Table IV 


Gkouc ok N'o.vca.vckr Cases 


DISEASE 

POSITIVE 

neg.ative 

TOTAL 

% 

POSITIVE 

Appendicitis 

0 

10 1 

10 

0 

Diverticulitis 

1 

4 

5 

20 

Encephalitis 

0 

1 

1 

0 

Endometriosis 

1 

1 

o 

50 

Epilepsy 

0 

e 

0 

0 

Gall bladder disease 

0 

2S 

3S 

0 

Hypertension 

0 

15 

15 

0 

Meningitis, tuberculous 

0 

o 

1 o 

0 

Pneumonias 

0 

1 5 


0 

Poisoning (methyl alcohol) 

0 

1 2 

o 

0 

Tuberculosis (arrested) 

0 

1 4 

4 

0 

Ulcer, gastric and duodenal 

0 

34 

34 

0 

Ulcerative colitis 

0 

13 

12 

0 

Miscellaneous 

0 

6 

6 

0 

Total 

2 


133 

1.5 


Thus in this grouj) of noncancer cases selected at random, there was a 
positive reaction in the blood in two conditions only; the margin of eiTor was 
only 1.5 per cent. All readings in cases of appendicitis were normal regardless 
of the pathologjL A case of ruptured appendix with peritonitis, m.voeardial 
damage, hypertension, diabetes mellitus, and a high nonprotein nitrogen reading 
showed a negative blood pattern. There Avere no positive readings in the gastric 
and duodenal ulcer patients, even Avhen the hemoglobin ivas lower than 65 per 
cent. In the arrested stage of tuberculosis a normal pattern Avas seen, although 
a positive pattern Avas obtained in seAmral patients Avith active tuberculosis. Also, 
in cases of coronaiy occlusion a positii'e patteni AA-as noted about the second 
or third day. There Avas a return to noimal as the condition of the patients 
improved. 


















BOLEX : 


BLOOD I’.VTTEHX IX DIAOXOSIS OE DISEASE 


1531 


Table Y contains a elassilied list of cases of proved cancer. The .slides of 
140 of these patients Avere reviewed. In this series the age incidence is indicated. 


Table V 



SE.K 1 

TOTAL NUilBER 

AGE GROUP 

ilAI.E 

female 

OF C.VSES 

Under 40 years 

40 to 50 years 

50 to 60 years 

60 to 70 years 

Over 70 years 

5 

19 

2a 

17 

4 

12 

16 

IS 

21 

9 

17 

35 

41 

3S 

Total 

1 69 


1 

71 


140 


The results of the blood test for cancer are tabulated in Table YI. 


T.vble A’’! 


Proved C.vRcixoit.v C.\ses 


SITE 

POSIT^'E 

NEGATIVE 

NUMBER OP 

CASES 

Adrenal glands 

1 

0 

1 

Bladder 

3 

1 


Breast 

9 

0 

9 

Breast, recurrent 


0 

3 

Breast, metastases to lung 

4 

0 

4 

Breast, skeletal metastases 
Gastrointestinal tract : 

6 

0 

C 

Esophagus 

1 

0 

1 

Stomach 

35 

1 “ 

37 

Colon 

27 1 

0 

27 

Rectum 

11 

0 

11 

Epidermoid carcinoma, cheek 

1 

0 

1 

Epidermoid carcinoma, nose 

1 

0 

1 

Throat 

1 

2 

3 

Larynx 

1 

0 

1 

Skin 

1 

0 

1 

Pancreas 

4 

0 

4 

Prostate gland 

5 

1 

6 

Uterus 

7 

2 

9 

General carcinomatosis 

1 

1 

2 

Hodgkin’s disease 

2 

1 

3 

Sarcoma, osteogenic 

0 

2 

2 

Miscellaneous 

4 

0 

4 

Total 

12.S 

12 

140, or 




91.4% positive 


A comparison of the noncancer and cancer case.s revealed that a positive 
pattern was often obtained when there was no sign of anemia. The red blood 
cell count was an unreliable guide as to the state of the patient and the stage of 
tlie disease. With decrease in the cell count there was a corresponding decrease 
in the hemoglobin. A leueopenia was noted in patients with skeletal nietastases. 
Increase in the white blood cell count invariably denoted peritoneal involvement 
or infection. But the red blood cell count, the white blood cell count, and the 
liemoglobin were of no help in differentiating between cancer and noncancer 
cases. 

Two representative cases are herewith reported in some detail to illustrate 
the value of the test in diagnosis and treatment. 
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Case 1. — J. C,, a wliite male, aged 47 years, was seen at the office on January 6, 1940. 
At this time lie stated that lie had always been well until about two years before. In 
January, 193S, he began to have attacks of iiiid-epigastrie pain, which occurred an hour after 
meals. These were relieved, at tirst, by alkalies or by vomiting. Attacics increased in fre- 
quency and severity. In February, 1939, he wtis x-rayed and told that he had a “growth” 
in the stomach. He was put on a diet and given “injeetions. ” 

He continued on this regime for another year. Heartburn, postprandial pain, and 
vomiting occurred at frequent intervals, and the patient became weaker. He had a good 
apiietite but was afraid to eat because of the subsequent pain and distress. He lost 30 
pounds and began to complain of dyspnea on exertion. 



'Fig. 7. 


When first seen at our office in January, 1940, he stated that the pain had increased 
in severity. However, it never r.adiatcd to back or shoulders. He had no cough, hemopty- 
sis, hematemesis, or melena. He vras thin, pale, and listless. There was slight tenderness 
in the epigastric region, but no palpable mass. Three drops of blood on the slide showed 
a normal pattern. The patient was placed on a Sippy regimen. The following month the 
blood test was repeated and showed no change. 

Because of inability to retain food and continual pain, the patient was seen again at 
the office on Alarch 10. Another slide of the blood was made. In this the central nucleus 
was absent and there w-as definite formation of spicules. Since I felt that he had gastric 
cancer, patient was immediately referred to the hospital for surgery. 

X-ray examination of the gastrointestinal tract was made. The impression of the 
radiologist was gastric ulcer, prepyloric. 

Examination of the blood showed 44 per cent hemoglobin, 3,630,000 erythrocytes, 
and 8,400 leucocytes. The differential count was normal. There was very slight variation 
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Tlie patient’s mother died of cancer of the uterus. One sister had uterine lihroids. 
There was no family history of tuberculosis, heart di.seaso, allergy, or diabetes niellitus. 

Physical examination revealed tenderness in both tubo-ovarian regions and in the 
■suprapubic area. No masses or .spasm were noted. The cervix was low near the introitus, 
• large, both lips somewhat firmer than noiinal, both containing several small cysts. There 
was slight cystocele and rectocelo. 

Examination of the blood revealed 70 per cent hemoglobin, 4,100,000 erythrocytes, 
and 13,000 leucocytes. The diiTcrential count was normal. Three drops of blood on the 
slide, however, showed definitely the carcinoma pattern. 

The clinical diagnosis was uterine fibroids. 



Fig. D. 


Operation was done on the following day, January 2, 10-11. Laparotomy revealed 
a large tumor mass attached to the sigmoid. The tumor .and the adjacent mass were 
brought out through the incision, and the wound was closed around them. On the ninth 
day the exteriorized loop of bowel and the tumor were removed (Fig. 9). The patho- 
logic report was as follows: 

The segment of sigmoid colon removed measured IS by S.5 cm. Protruding into the 
lumen and causing constriction, but not complete obstruction, was a large c.auliflower 
growth, measuring 8 by 6 by 4 cm. Alicroscopically, the tumor mass was composed of 
columnar, glandular, epithelium; .several mitotic figures were noted. The tumor invaded 
the submucosa. Diagnosis: Adenocarcinoma of the sigmoid. 

This patient remained in the ho.spita]. On ITarch 15, 1941, rectal examination re- 
vealed metastases to the rectum. The patient w.as discharged on June 28, 1941. She is 
still alive at home, complaining of pain in the region of the sigmoid and rectum. 

COXCLDSrOX' 

After a revietv of over 4,000 of these slides, two dominant blood patterns 
were noted: the first characterizes that of healthy persons and patients ivith 
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. variotv ot cmplainls; ll.o s»««l d,an,cl.ri«s ll.at at 

™l al.; Ihoac who Lava l.nn.a.y ,>on..o.ou» ana, ...a, 

arthritis, and a few in late pregnauey. When tieatincn ' ’ j j 

ever, in all but the caneer patients, the blood pattern ehunged ^ ^ f 

ea,.»-patic„.a the lypiaal ■■dollad.crtain” pallom pcmt , ‘““1^ " 

hour halorc doalh ahowod Iho aa.ac ho,.u.voo,al.cd al„.oaraa» » “”7 

lu poctenlu ia whoa, uurgu.y had apparu.dly “ ‘ *''7 “ 

pa.ie„,„ treatud by radi,„n ""n:l“ CilooruM:™ 

patients who have remained well after operation ‘ J 

sooner than sLs weeks after operation. In one ease ot u ed 

stomach, the patient has had slides made wccklj bn a p. 
months, and the.se have all been normal. to 

The erythrocyte count, the leucocyte count, and the 
Imve no relationship with the carcinoma blood pattern on the slide. 
e.sperience in cancer patients the blood picture changes ^ ^ ; 

often a high red blood cell count and hemoglobin, with " f 
nant proeei^s. The changes in the lilood picture occur only attm ^ 

toms and sign.s have made it apparent that the di.sease is well ^ ' 

fore. I have found this blood pattern test on the slide, w Imm 
is of great value in suggesting, at lea.st, the prc,senec ol careinoma bctoic it is 

discovered clinically or by roentgen ray. „ ,, y., +« 

Constant familiarity with a long series of slides enahle.s the 
obtain a high percentage of correct readings. Erroneoas mterpreUtions have 
resulted, but the margin of error is small. This has happened when the technique 
has been faulty and the drops of blood have been too thick or have been smeare 
or not allowed to dry sufficiently; also the blood picture has changed somewhat 
when patients have had deep -x-ray or radium therapy or repeated transiasions. 
AVe have already referred to tho.se patients with pernicious anemia, etc. (Table 
I) in whom the reaction has been positive for a limited period. 

The test is simple and can be done in the office by the e.xarriiner or his 
a.ssistant with inexpensive eciuipmeiil and with no loss of time during the cour.se 
of a routine office examination. It i.s not offered as a sine qua non, but a.s an 
ad,iunel to be evaluated along with clinical and laboratory findings. In spite 
of a negative x-ray film, the te.st, if positive, should be carefully weighed and 
the patient closely watched. It may be an even more delicate index of the 
])atient^s condition than tlie clinical picture, leucocyte count, tempeiatuie curve, 
blood analysis, or x-ray film. The te.st i.s done routinely on every patient along 
with the "cneral phy.sieal examination. Sometimes this cancer pattern has been 
the sole evidence of the ]ire.senee of malignancy, and has led to a more thorough 
•study of the patient. 

Onr results .iustify the continued n.se of tliis test a.s a detector of early 
nialigmmt tumor formation. 
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BLOOn PRESSURE FLUCTUATIONS IN RESPIRATORY 
OBSTRUCTION^* 


E XPERI II ENT.V L ObSERV.VTIONS 


How.vrd Osgood, M.D., Buffalo, N. Y. 

With the Technical Asslstance of Robert S. Berkson, Don.u.d W. Hall, 
jMurl E. Kinal, and Abie S. Lenzner 


I T HAS long been known tliat in normal pei-sons and in animals there is a 
slight fluctuation of the systemie systolic blood pressure during quiet respira- 
tion.* In asthma patients, when the dyspnea is pronounced, it has been noted 
that the systolic blood pressure ma,v fluctuate markedly during the respiratory 
cycle.^''* This fluctuation decrea.ses as the asthmatic paroxysm subsides,^’’ * and 
is usually within the normal limits of quiet respiration when the patient is 
asthma free.* 

Recent literature reveals some experimental work with animals on the 
effects of various types of respiratoiy obstruction."''' The reports include data 
on lung volume, blood changes, and the production of emphj^sema, but very few 
observations have been made of the effects of such obstruction on blood pressure. 

The following experiments were carried out in order to determine whether 
blood pressure changes, similar to those observed in asthmatic patients, could be 
induced at vdll by obstructing respiration in animals and in man, and to detect 
a quantitative relationship, if any, between the amplitude of these changes 
and the degree of respiratory obstruction. 


•From tlie Medical Services and Allergy Clinic of tlie Buffalo General Hospital. 
Received for publication, March Hi, 1912. 
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AXIMAIj EXPEIUMENTS 

Cat, wn-c ,use,l a.a..stl,di«d l.y 
carried out on a number oi annuals, all ol ^^lucn i 

various procedures. , ^ carotid blood pres- 

Si„u,Uancoua k.vmograpl, ^ '“^1 ;..eaa>u-c, and tl.a rcspU-a- 

sure, the intratracheal atr [nesstiic, tl c P mereury; the air pres- 

terytaevearents. ^ho hlood ^ 

ai:treS..iec,c”d mto .. 1 ™..! eavuy to prevent 

Closure of the intrathoraeic end of the blunted needle. 




ToftruC.M ODftunfi 


ajiTnm.TRACHeAL OPcninfi 




Chart 2. 


1 - T>^^t r^cniratorv TCst interval; insp., inspirauon ; jcixp., expiraiion. ©viiic 

dra,vinffJ“'lrom "'iT^res, brUtsfug all simultaneou.s moments of time into the same vertical 
draw through the cur\'es. 


The open end of the T-shaped tracheal cannula was provided with a short 
rubber* sleeve into which could he inserted short lengths of glass tubing with 
various-sized lumina. At the beginning of each experiment a glass tube with 
the lumen approximately equal to tlie diameter of the trachea was used, assur- 
ing free breathing. Successively smaller tubes were then inserted, introducing 
increasing obstinction to the respired air. Tracings of sufficient length were 
made witli each size to secure reliable records. None of the cats suriived %vitli 
the 0.5 mm. tube in place. Tracings were continued until death. 

The ehart.s arc .scale drawings from the tracings, corrected so as to bring 
all points in any vertical line drawn through the tracings into the same moment 
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of time. The dowiistroke iji ihi^ n»i. . 

tion; tlic iipslroke, expin, tio„. inspira- 

at zero blood pressure level. ‘ ^ivc-secoiul intervals, lies 

Tbe followin'*’ resiiK'j -nvi r.. 

I'calth.,. fo.,..„„, wo.,.|.i.,,V2 L. »■> » ahslo cat, a 

aV study of ,|,e i.,,, 'X', ^ ' '■ <>-32 «,n. of cl,l„..al„sc. 

several significant things. ^ ‘ ‘^•"Pad from them, will show 


Cmm. TRACHfAL OPCIlinO 


/ mm. Tracheal OPEnino 


I I 




AVith free breathing (4 mm oueiT .ri 
of the blood pressure, amountin'*' to -iboS ] i-espiratory fluetuation 

2 mm. openings were inserted, this fluctn-.fi ^ and 

5 mm. Hg. As would be expected, the flumn ^ ^“ereased slightly to about 
intrapleural pressures during- respiration also intratracheal and 

being more noticeable in the intratracheal somewhat, the increase 

ing. AVith the latter opening in place therwa’ the 2 mm. open- 

struction. "as nioderate respiratory ob- 

The low point of the blood pressure with i • 
and with the 3 mm. and 2 mm. openiims’ in n]n,.n I^i’enthing (4 mm. opening) 
and the high point occurred during the'latte/ part inspiration. 
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FIK.S l.-Preparation of the cat. 

D.I’.. blood nrcs,,;l„ i*- abdominal respiration ™ 

intervals and is at Pressur?^' ^Ti^r^ 
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When the 1 inm. opening was inserted, inducing marked respiratoiy obstruc- 
tion, there was an immediate increase of the blood pressure fluctuation to 10 
mm. Hg. This was raised still further to 15 to 20 mm. ITg when the 0.5 ram. 
opening was put in place. This smallest opening presented very marked ob- 
struction to the respired air, causing the death of the cat from aspliy.\ia eight 
or ten minutes later. The low point of the blood pressure still occurred during 
inspiration, and the high point occurred during expiration witli both of these 
openings, although the exact location of these points cannot be precisely deter- 
mined due to the wide swings and to the ineidia of the watei’ manometers used 
to record the iritratraelieal and intrapleural pressures. 


-AU. R 

'M./wr\r\rvwAr\r\/"v^ 


¥ 







TvP 


/..ywvv., rv.,/LJVj\.A.A.A, / , A.A.A- 



FiS- 2. 

With the two smallest openings in place there was a tremendous swing of 
the intratracheal air pressure during inspiration and expiration, and a corre- 
spondingly large swing of the intrapleural pressure. As indicated by these two 
respiratory tracings, tlie intrathoracic pressure is greatly reduced during in- 
spiration, and greatly increased during expiration. 

SUMMARY OF FINDINGS ON CATS 

The normal respiratory fluctuation of blood pressure in the anesthetized 
eat was increased very little when slight or moderate obstruction was presented 
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to the respired air at the traeliea. When greater degrees o£ obstruction were 
created, the amplitude of this fluctuation increased two to four times; i.e., 
beyond a certain point, the greater the obstruction, the greater the blood pres- 
sure fluetuation. 

The maximum and minimum blood pressure fluctuations oceun-ed in the 
same phases of the respiratory cycle, whatever the degree of respiratory obstruc- 
tion; i.e., the low point occurred during inspiration, and the high point dur- 
ing e.xpiration. 



3 ify\ 



Fie- 3. 


HUitAX EXPEK1MF.XT3 


In human beings fluctuations of the systolic blood pre.s.sure, .synchronous 
with respiration, may be observed with considerable accuracy, using an ordi- 
nary sphygmomanometer. The 1-3 cm. cuff about the upper arm is inflated to 


above the .systolic pre.s.sure. It is tlien slowly deflated (not over 2 or 3 mm. H" 
per breath) while the respiratory movements are watched. At the high point 
of the systolic re.spiratory fluctuation a few arterial beats will be heard in the 
antecuhital space by au.seuUation, followed by a trough of silence. If the cuff 
pressure is further lowered slowly, boats uill come through more and more 
until tliey are heard throughout in.spiration and expiration. The pres-sure 
reading where they are yrst heard throughout both pleases of re.spiration marks 
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the low point of the fluctuation. On quiet breathing in normal pei-sons, the 
fluctuation of the systolic blood pressure amounts to between 2 mm. and 6 nun. 
Hg, with the high point during expiration, and the low point during inspimtion. 


Table I 


Eesults of Bre-vtiii.n’g TiiRouGir Coxstbicted Mouthpiece 


APERTURE 

^ TI-UE 1 

1 

SYSTOLIC B.P. 

FLUCTUATION 

DIASTOLIC 

EXPIR.VTIOX ) IXSPlIt.VTIOX 

Subject William F. 


Full 

11:35 

122 

120 

.•> 

74 

H" X %" 

11:37 

114 

112 

2 

SO 

%" X %” 

11:3!) 

110 

112 

4 

78 

%" X VF' 

11:42 

114 

114 

0 

78 

Vs" X Mu" 

11:44 

130 

102 

28 




138 

98 

40 




150 

120 

30 




150 

120 

30 



No cj'anosis noticeable 


Subject Walter F. 


No mouthpiece 

12:14. I 

134 

130 1 

4. 1 

76 

%" X %" 

12:10 1 

120 

lie 

4 

80 

W X 

12:18 

134 

120 

14 




140 

122 

IS 


Vs" X yi,i" 

12:20 

150 

114 

36 



Very slight cyanosis witi 

li smallest aperture 



Subject A. F. L. 


No mouthpiece 1 

115 

112 

1 3 

1 76 

Me" X Vt" 1 

135 

122 

1 13 

1 78 


No cyanosis 




Table II 



Results of Hypervextil-ation With Free Breathing 



1 SYSTOLIC B.P. 




EXPIK.VTIOX 1 

1 I.XSPIRATIO.N j 

FLUCTUATION' 

DIASTOLIC 


Subject A. F. i. 



Quiet respiration 


112 

3 

1 76 




O 


Hyperventilation 


122 j 

o 




117 1 

3 


Subject A. F. F. 

Quiet respiration 1 

■■Mi 


3 

74 

Hyperventilation 



4 


1 



6 


Subject W. F. 

Quiet respiration 

130 1 

126 1 

4 

86 

Hyperventilation 

140 

134 

6 



134 

130 

4 



Rest (quiet breathing) 



Hyperventilation 

126 

120 

1 


Hyperventilation continued 

118 

104 

14 1 


for one to two minutes 

IIS 

106 

12 Sliglit dizziness 


Healthy young medical students in their twenties were used for the fol- 
lowing experuuents, using the foregoing method for detennining the fluctua- 
tion of the sj'stolie blood pressure. The subjects u-ere recumbent. 

With the nose closed with a clip and a wide rubber mouthpiece, bearing a 
thumb-screw pinchcock, held tightly in the mouth, the respiratoiy fluctuations 
of the systolic blood pressure were determined, first on free breathing, then 
with the mouthpiece narrowed in successive stages. 
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With the smaUer apevluvcs tliere was marked obstruction to respiration, 
and tlie respiratory rate was slowed to permit tlie passage of the tidal air. In. 
all three subjects (he low point of the blood pressure fluctuation came during 
inspiration, and the high point during expiration, both in free breathing and 
with all degrees of obstruction. 

Since the respiratory efforts in breathiirg through small apertures resem- 
bled those of hyperventilation, blood pressure readings were made on healthy 
subjects with unobstructed breathing, both during quiet respiration and during 
voluntary hyperventilation. 



AtdR 










riff. 4 


As with the e.xperiments nith obstruction, likewise in hyperventilation the 
low point of the systolic blood prc.ssure fluctuation occurred during inspiration 
and the high point during expiration. ° ' 

Obstruction to respiration at the mouth caused an increase in the resnin 
tory iiuetuation of the systolic blood pressure roughly parallel to the de-ree 
of obstruet.on, as m the cat e.xperiments. Hyperventilation alone on the other 
hand, caused no increase in this blood pressure fluctuatinn In f ’ i, • 
the tia,..! .he„ hC „,]] 

from one to two minutes. imnentilation had continued 
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DISCUSSION 

Prinzmetal® showed that the noianal, slightly negative intrapleural pressure 
became more negative in asthmatic patients during the paroxysm, although he 
did not describe the fluctuations of this pressure during each respiratory cycle. 
In our eat experiments the intrapleural pressure fluctuated to an increasingly 
greater negativity during inspiration and showed an increasing, though le.ss 
marked, movement toward the positive side during expiration, as the tracheal 
obstruction was increased. 


/\b<lR 



Pie. 5. 


It would seem, therefore, that the fluctuations of the systolic blood pressure 
under respiratory obstruction, observed in our experiments, are closely related 
to the concurrent changes of the intrathoracic pressure during the respiratory 
cycle, and that their amplitude reflects i-oughly the degree of respiratory 
obstruction. . ' ' . ' 

It would he unsafe to apply directly the results of these animal and human 
expei’iments to an explanation of the respiratory fluctuations of the systolic 
blood pressure observed in asthmatic patients, since the site of the obstruction 
to respiration differs in the two cases. Nevertheless, there is obstruction to 
breathing in bronchial asthma; and it has been shown® that the intrathoracic 
pressure deviates from the noi-mal in this condition. Moreover, unpublished 



OSGOOD KT AL. ; BLOOD PRESSOUE EliUGTUATlOSS 


1545 


observations Bliioli I liavc made sliow that the blood pressure fluctuations in 
asthma closely resemble those seen in our present experiments, both in their 
timing during the respiratory cycle, and in the parallelism between their ampli- 
tude and the degree of respiratorj* embarrassment. The assumption to be drawn, 
therefore, is that forces are in action in bronchial asthma, similar to those in the 
experiments here described and that these forces have a causal relationship to 
the obser\-ed blood pressure fluctuations. 

COXCLUSIOXS 

Cat Experiments 

1. The greater the obstruction at the trachea to passage of the respired air, 
the greater the fluctuation of the blood pressure during the respiratory cycle. 

2. Whatever the degree of respiratory obstruction, the high point of the 
blood pressure occurs during expiration, and the low point during inspiration. 

Human Experiments 

1. Marked respiratory obstruction at the mouth induces greatly increased 
respiratory fluctuation of the systolic blood pressure. 

2. With this obstruction in place the high point of systolic blood pressure 
occurs during expiration, and the low point during inspiration. 

I wish to express my appreciation to Dr. Fi'ederick Reece Griffith, Jr.. Professor of 
Physlologj-, University of Buffalo School of Medicine,- for much encouragement and advice, 
and for his hospitality in making available for this work the facilities and resources of the 
laboratories of his Department. 
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THE TKEATMENT OF SEVEKE PERIODIC HEADACHES WITH 
“DESENSITIZING” DOSES OP PROSTIGMINE* 


A New Conception x\.nd Treatment of Certain Types of Headaches 
Including Those Designated as jMigraine and Histajiine Headaches 


Louis Pelner, M.D., and M. E. Aibel, jM.D. 
Brooklyn, N. Y. 


O P THE many ills to which huniaiiit 3 ’ is heir, headache is one of the most 
common. Even after arbitraril,y dismissing those t.vpes due to increased 
intracranial pressure (brain lesions and hj'pertensiou ) , sinusitis, anemia, and 
the so-called “nervous” headaches, there still exists an extremely large group of 
periodic headaches loosel.v termed “migraine.” 

Brickner^ has described “migraine headache” as a severe periodically re- 
curring, unilateral headache which lasts from a few hours to several daj-s, and 
is often accompanied bj’ nausea and vomiting. Not infrequentlj' the attack is 
preceded bj" an aura, consisting of some form of visual disturbance, and in many 
instances a familial histoiy of migraine or allergj’^ is present. In women the 
attacks frequentlj' occur at the menstrual periods. 

A considerable number of these “migraine” headaches have recentlj’’ been 
reclassified bj’- Horton and others- as histamine cephalalgias because thej' can be 
reproduced bj' histamine injections and can be controlled bj’’ desensitizing the 
patient with small but increasing doses of histamine. Tj^picalljq this new class 
of headache is characterized bj’ a veiy severe unilateral pain of a burning, boring 
nature, which may involve the same side of the face. The conjunctiva on this 
side is often injected and the face is usually flushed. In general, the attacks 
occur more frequentlj', but are of shorter duration than the migraine tj'pe — 
lasting from fifteen minutes to several horn’s. Further points of difference exist 
in that they are not preceded b.v auras, vomiting is rare, and thej’- are usually 
confined to the older age group. 

The present work has been motivated b.v the desire ( 1 ) to extend the group 
of vascular headaches described bj^ Horton to all those manifesting a marked 
skin reaction to histamine or acet.vleholine; (2) to demonstrate a new method of 
producing these headaches; and (3) to present a new, veiy simple and extremelj" 
encouraging method of treating them. 

The oi’iginal stimulus to the present studj’ was supplied by a chance ob- 
servation in a patient with a tj'pieal histamine headache, as described bj' Horton. 
Several weeks subsequent to the cessation of histamine desensitization therapj’’. 


•■Prom the Department pf Medicine. Jewish Hospital of Brooklj’n, and the Department of 
Sureery. Beth Moses Hospital of Brooklyn. 

Received for publication, February 2, 1912. 
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. • . ... .,],ortea with remarkable promptness 

this patient suffered an attack wine ' bromide. Some time later, 

bv the administration o£ one tablet o I of an- 

uhen his dcsensitization had ‘Unnueu ‘ produced a typical, A'cry 

other headache, sinular treatment tbe head, diarrhea, 

severe, cephalalgia, accompanied b> . It %vould appear, therefore, 

abdominal ei-amps, and a mild y^tient with a typical ‘-hista- 

that prostigmine was able to ‘ , 30 th the desensitized and sensitij-® 

mine cephalalgia,’ the actions ‘ . „.,vticular sinnificance in new’ oi the 

phases. This observation was excellent work, stated, ^'The 

fact that Horton and others, ni sum * __n indicates that histamine treatment 
spectacular manner in which patien s icsp ^^-eatment of diabetes mellitus.” 

is as specific for this syndrome as insu m is involved in this 

Another hint that histamine might patient’ who failed to respond— 

type of headache was demonstrate )> aim p. .1,000 solution), whereas 

even after two hours — to epineplunie . „+iv alleviated the attack. To 

I C.C. ot bellatolin (al.opi..o.likc i,. a«,on) rtieh elfee- 

further confuse the issue, a prepaia ion patient one year ago, 

lively served to decrease the incidence of attacks in 

proved to be valueless in recent mont ^ investigate the effect 

In the light of o^iserva histamine tjTCS with a view 

of prostignune on headaches of th ^ relationships and the 

toward e-vpanding the present knowledge of the cans^^^^. ^ 60 ,3,es 

etiologie factors underlying these lea aei * purpose of convenience were 

„f headaches were ea. e.ul..y sle wardatiens eaisted 

divided, syniPtomatieally, into fo nenrobioehemical mech- 

within each group since, obM u- , ^he symptomatology- was 

anism might conceivably be opera v psvchic ’ somatic, and' endocrinologic fac- 
dependent upon such variables as the psy cUic, .som 

tors. The were dii ided js^^o histamine cephal- 

Gronp I consisted “ ^ in addition such symptoms as fullness in the 

algias, who “ fe. p,i„ i„ ,he Muscles of the heck, and azriness. 

head ears, ,,i,h fte "migraine” t,T,e. The head- 

Bronp II i„ ^.„„p I api a:ere 

aches in this „ioup aecompanied by vomiting. The patients 

::ro? at .-P -th headaches .since childhood and H^nently 

wlth familia? histories of allergy, migraine, or premature graying ot the ban. 

ftroun III consisted of S patients who complained of a constant tightness 
and fulhiL in the back of the neck which did not alternate with the headaches 
described hv Horton. Dizzine.ss was a prominent feature m the.se cases, and 
occasionally' there were full-blown attacks of Hen.ere’s .syndrome. In 2 of these 
patients tlic headaches were previously asenhed to hypertension, although the 
systolic pressure was 1.50 to 160 mm. 

firoup IV consi.sted of 7 patients with hypertension of whom 3 had s.vstolic 
1 blood pressure of 200 mm. or more, with pounding of tlie vertex of the skull 

i and fullness or tightness in the neck muscles. Tlie remaining 4 were in the 



1548 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


hypotensiA^o phase Avithoiit cardiac decompensation. In these, the fullness in 
the head and ears, and the tightness of the neck muscles Avere A^ery marked. 

The common denominator in all tlie above groups Avas a marked cutaneous 
sensitivity to histamine and/or acetylcholine. All patients reacted markedly 
to 0.01 mg. of histamine (0.01 c.c. of a 1:1,000 solution) injected intradei-mally, 
by exhibiting a large Avheal, pseudopodia, and an erythematous flare of 2 or 
more inches.'* Man 3 ' also gave a marked reaction to 1 mg. of aeetjdcholine (0.02 
c.c. of a 1 :20 solution ) . Indeed, in some instances, sensitiAutj’- to acetylcholine 
Avas more pronounced than to histamine. Slany patients Avere also allergic to 
some antigen. 

TRE.ATMENT 

The notable sensitivity to acetjdcholine Avas regarded as presumptive evi- 
dence of the possibility that acetylcholine might be a factor in the production 
of these headaches. It Avas hoped, thei’efore, that these patients could be "de- 
sensitized” — ^through a mechanism parallel to that operative in histamine "de- 
sensitization” — bj^ the oral administi'ation of increasing doses of prostigmine 
bromide, a parasj'mpatlieticomimetic drug, Avhicli is IcnoAvn to mobilize the 
acetylcholine reserves of the bodj’’ bj' inhibiting the action of the acetylcholine 
esterase. According!}', a 15 mg. tablet of prostigmine bromide Avas- dissolved 
in one ounce of Avater, and the resulting solution Avas administered as folloAVS : 
On the first daj', 1, 2, and 3 drops Avere given at morning, noon, and night, 
respectively. The increase of 1 drop per dose Avas maintained until 30 drops 
Avas reached, folloAving AA'hich 30 drops AA'ere given each da}' for one Aveek and 
then three times per Aveek for an indefinite period. Occasionally, Avhen it Avas 
felt that the results could be improved, the dose Avas increased to 40 di’ops. 
A fcAv of the patients Avere giA'en these drops in a sloAver fashion, e.g., the same 
dosage AA'as giA'en morning and niglit, and was increased b}' one drop each daj' 
until the dose of 30 drops Avas reached. Then the usual procedure Avas followed. 
This method Avas used Avhen it Avas felt — on the basis of skin tests — that the 
patient Avas unduly sensitive to histamine or acetjdcholine. For the purpose 
of uniformitj' in this experiment the majoritj’- of the patients Avere given iden- 
tical dropper bottles containing previously prepared solutions. 

The patients Avere initially skin tested Avith histamine before the institution 
of treatment, and repeat tests Avere made at approximately Aveeklj' or fortnightly 
inteiwals. Some were also tested Avith acetylcholine. Care Avas taken to SAA'ab 
the skin lightly with alcohol before the intradermal injection because vigorous 
rubbing in itself could produce a reaction in sensitive pei’sons. A 26 gauge 
Schick needle Avith a tuberculin syringe Avas used for the test. The test was read 
arbitrarily five minutes after injection, traced on cellophane Avith a skin pencil, 
and retained for future records. 


RESULTS 


Signifieantlj', in, 40 per cent of the cases the skin reaction to injected his- 
tamine decreased, i.e., the size of the wheal Avas reduced, and the flare dimin- 


Since nearly all persons give some reaction to intracutaneously injected histamine, it 
neen necessary to employ tliis criterion for a marked reaction. (Atkinson. SI.; Observa- 
tioL'^orBtiololy and Treatment of JKnidre’s Syndrome, J.A.M.A. 118: 1753, 1941.) 



PEI.NKR-AIBKt, : TREATMENT OK PERIODIC HEADACHES 


1d49 


ished or disappeared by the treatment with “ desensitizing ” doses of prostigmine. 
Often in tlie initial liistamine skin test there was marked localized itching, a 
symptom whicli was not evident in subsequent skin tests after the patients 
developed tolerance. There was no correlation, however, between the size of the 
wheal at a given time and the roeasui’c of relief. Of especial significance rvas 
the fact that the acetylcholine wheal and Have were always reduced in size follow- 
ing treatment. After one week the time taken for disappearance of the acetyl- 
choline flare from the skin wa.s usuall.v Iialved. 


t.vble I 


fiROUP 

TY1‘E 

j 

I.ITTLE 

1 OR- XO 

1 VXWEF 

t MODERATE 

1 RELIEF 

MARKED TO | 

COMPLETE i 
RELIEF 1 

TOTAL 

NUMBER 

OF CASES 

I 


*> 

1 

17 

20 

ir 

'*^Other mi^aine of 

headache 

o 

1 

22* 

Oi 

III 

1 

Fullness in back of neck 
and dizziness + occasional 
attacks of Meniere’s syn- 
drome 

0 

0 

s 

8 

IV 

Hypertension with fullness 
in back of neck. E.xperi-] 
mental 

0 

3 

i 

r 

1 


, . 'Since the acceptance of this paper, 11 (50 per cent) of these patients have reverted 

to me "moderate relief” designation. The reason for this is not clear but is being investigated. 


All the patients exhibiting definite periodic headaches, including those 
similar to the headache described by Horton, and those usually classed as mi- 
graine were relieved in large measure. The relief was definite, dramatic, and 
in many cases complete, for the duration of time so far observed. The results 
are recorded in Table I. The figures are based on patients’ estimates of relief 
of their headaches, and are, therefore, rathei* arbitrary. Several persons inde- 
pendently observed that even tliough a mild headache did occur, it could be 
dispelled in a few minutes by taking 15 drops of the solution. 

In the patients with hypertension, that part of the headache described a.s 
fullness in the head, with the complaint that the head was twice the normal size 
and the feeling of tightnes.s of the neck mu.scles were relieved in several eases' 
The part aseribable to the hjTper tension, i.e., the poimdiug of the vertex of the 
•skull, was not improved. The blood pressure was not reduced by this medication 
hut some patients 5vitb hypertension had only the fullness of the head and felt 
well once this was gone. The patient 5vith hypertension in the hypotensive 
phase was usually completely relieved of symptoms, although the blood pressure 
did not rise. 


CASE REPORTS 

C.V.SE 1.— C. M., male, aged 31 years, had a history of three years of severe unilptp i 
Imming and boring type of headaches, ivhich lasted from several hours to a full dn ■ ’ 

occurred about twice a week. Tliere was no vomiting or aura. The patient’s 
and Ins face appeared flushed on the side of the headache. For two months 
meat tlie headache appeared about four or more times a week anrcolTeM 
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During the past year lie lias had three attacks of fullness in the back of the neck, coupled 
with dizziness that lasted all day. His previous historj- revealed a healed tuberculosis. His 
father has osseous tuberculo.si.s. On May 25, 1941, the patient was put on prostigiiiine in 
desensitizing doses. On .Tune 1 he had a slight headache over the whole forehead, but no uni- 
lateral headache. On June S he had one mild headache over the whole forehead, but again 
he had no unilateral headache. On June 15 he had one mild unilateral headache. The pa- 
tient was last heard from on Oct. 1, 1941, at which time he stated that he had had no 
more unilateral headaches. Occasionally, after taking a drink of liquor, he developed a 
sensation as if a headache were about to come, but it never materialized. He was told to 
continue the medication. The histamine wheals arc shown in Pig, 1, 




Fig. 2. — -Vcetyleholine wheals (one-fourth actual size). Case 2. L. P. 


Case 2. — Jj. P., female, aged SO yetirs, gave a history of severe unilateral headaches since 
childhood. The headaches usually lasted for about eight hours and culminated in vomiting. 
There was no lacrimation or flushing of the face. Occasionally there were some preheadache 
phenomena of slight blurring of vision. The only time in recent years that the patient has 
been free of headaches was during her two pregnancies, and a short interval when histaminase 
appeared to diminish the frequency of attacks. These severe headaches liad been occurring 
at the rate of three to four times a week during the month previous to institution of treat- 
ment. They were especially frequent during shopping tours. The patient was also extremely 
reactive to soap, large blotches appearing on her skin after using any soap. The family 
history revealed that her brother has severe hay fever, and her sister has many attacks of 
vomiting and unilateral lieadaches that are not severe and last a short time. Her physical 
examination revealed a blood pressure of 120/90, normal eye grounds, normal refraction of 
the eyes, and normal ear, nose, and throat findings. On Sept. 24, 1941, following recovery 
from a very severe headache, she was skin tested with acetylcholine intradermaUy and pro- 
stigmine bromide was started in "desensitizing'^ doses. On September 31 she reported that 
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she had luul no headache for a week, though at one time during this week alio experienced 
some slight blurring of vision wliich did not, liowcver, result in the usual severe headache. On 
October 5 she experienced a .slight frontal headache, which did not last long and yielded 
readily to one aspirin tablet. When .she w.-is -skin te.sted on October 10, she stated that she 
had had no severe unilateral headaches since the treatment. She also voliinteerexl that she 
had ceased to be sensitive to soap. She was last .seen on Dec. 1, 1941, and at that time she 
stated that she had not had the severe, unilateral type of headache that she had experienced 
before treatment. Ifowever, on two occasions .she experienced an extremely mild unilateral 
fullne.^s of the head but it did not incapacitate her. She was urged to continue the treat- 
ment. The acetylcholine wheals are shown in Fig. 2. 
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Fig. 4. — Histamine wheats (one-fourth actual .size). Case 4, F. C. 


C.tSE 3. — E, H., male, aged 27 years, stated that for throe years he had freriuent attacks 
of fullness of the head, dizzines.s, and tinnitus. In addition, practically every day he had 
the feeling of a “ clouded ’ ’ head, that reached a maximum in the afternoon. He was pre- 
viously told that his blood pressure was IfiO, and that his lieadache was due to tliis. Ho 
treatment seemed to be of any avail. He presented an endocrine problem because of a 
voluminous supply of hair all over his body, coupled with underdeveloped genital organs. 
The physical examination revealed a blood pressure of 140/90, the eye grounds were normal, 
and the refraction was normal. On ilay 25, 1941, prostigmine was started in "desensitiz- 
ing” doses. On June 1 the patient reported that he had had no fullness of the head at any 
time during the preceding week. On June S he stated that slight fullness was present on 
two days during the past week. He was told to increa.'-c the do.sage to 40 drops and then 
take 40 drops a day. The blood pressure wa.s 142/90. On June 15 the patient reported 
no fullness of the head or dizzines.s and stated that lie felt ver>- well. The blood pressure 
was i:!4/90. Tlie patient wa.s last seen on .Sept. 15, 1941, at which time he did not have "anv 
fullnc3.s or clouding of the head. .Several time.-, during the past month he had a slight rimnng 
in one of his ears; this vanished within a few moments. He has been told to continue 
taking the medication. The hi.stamine wheals are .“hown in Fi". 3 


C.ISK 4.-F. C., female, aged 30 years, had attacks of fullness in the back of her neck 
dizz.ne.ss, and ringing in both ears for many years. These attacks recurred about two 
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conflict with lier husband because she desired to become pregnant and lie refused to consider 
it. Previous history revealed tliat slie was on a Bradford frame for many months in an 
orthopedic hospital, but the x-ray examination and physical signs revealed no osseous tubercu- 
losis. On May 23, 1941, the physical examination revealed a blood pressure of 120/SO, normal 
eye grounds, normal refraction, and normal nose and throat findings. On the same day pro- 
stigmine was started in "desensitizing” doses. On Alaj- 31 there was neither fullness nor 
dizziness. On June 7 the patient was well. By August 5 the prostigmine had been stopped 
one and one-half months without return of the symptoms in her head. On October 5, when 
she had not taken medication for approximately three months, there ^vas slight return of the 
fullness of the head and dizziness. She was put on the "desensitizing” dosage of prostigmine. 
On October 12, 1941, when she was last seen, there was no leturn of the fullness since taking 

e/zr/'^/ 

0 !) 


Fig. 5. — Histamine wlieais (one-fourlh actual size). Case a, P’. B. 

Case 5. — F. B., female, aged 41 years, came to the .Jewish Hospital Clinic on June 6, 
1941, with a history of constant fullness in her head, especially in the back of it, for the past 
four weeks. She also had occasional fullness in her ears. The head felt as if it were twice 
the normal size. The previous history revealed that on April 30, 193(5, the blood pressure 
was 204/130, and that the cardiac outline was enlarged. On March 22, 1941, the blood 
pressure was 175/125, and on May 31, 1941, it was 150/100. Her menstrual periods were 
irregular. The physical examination revealed that she had a blood pressure of 145/100 at 
this visit and that there were normal eye grounds and normal refraction. On May 31 prostig- 
mine was started in "desensitizing” doses. On June 14 she reported no fullness in the 
head. The blood pressure was 140/100. On June 21 she reported that there still was no 
fullness in the head. On June 2S she reported occasional frontal headaches but no fullness 
or "large head.” On Oct. 1, 1941, when she was last seen, she reported that she felt per- 
fectly well'and had none of her original symptoms. Her blood pressure at that time was 
150/100. The histamine wheals are .shown in Fig. 5. 

COMMENT 

The results obtained in this study' serve to extrapolate the well-known 
parallelism between histamine and acetylcholine^ to the field of periodic head- 
aches. Both of these substances are native to the body and both of them have 
been accused by diiferent investigators of being the "allergic" substance. His- 
tamine is iiroduced hj' toxic or mechanical injuries of tissue cells, and aeetyl- 


medicatiou. Tlie histamine wheals are shown in Fig. 4. 
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choline results from tlie stimulation of the cell by the nerves. Acetylcholine 
would, therefore, appear to be the substance usually present unless some form 
of injury is presupposed. In addition, it would now appear that both histamine 
and acetylcholine may be causal factoi-s in periodic headaches either at the same 
time or at different times. Certainlj^ both histamine and prostigmine are effec- 
tive in the prophylactic treatment of these headaches. 

These phenomena are of sufficient import to warrant the application of 
considerable thought to the ciuestion of the theoretical bases for the action of 
prostigmine. Admittedly, the data available arc inadequate to permit the form- 
ulation, with any degree of certainty, of an all-embracing, coherent theory. 
Nevertheless, several explanations appear plausilrie enough to merit attention. 
The first of them is based on the knowm ability of prostigmine to liberate and 
to prolong the action of acetylcholine in the body by inhibiting the acetylcholine 
esterase. Thus the minute, controlled and evei’-increasing quantities of acetyl- 
choline liberated by the “desensitizing” doses of prostigmine may serve to 
administer mild repeated “shocks” to the hypersensitive organ responsible for 
the headaches, with the result that a relative tolerance or insensitivity is de- 
veloped in this so-called “shock organ.” This mechanism is sensibly analogous 
to that believed by many to be operative in histamine “desensitization.” The 
analogj’ is perhaps best represented as follows ; 


Repeated doses of histamine-^ 
Repeated histamine “shocks” 
Repeated doses of prostigmine — > 
Repeated acetj-leholine “shocks” 


\ 


Desensitized” 
.shock organ 


Another explanation is based on the a.ssumption that a person in the “sensi- 
tive” phase is in a state of autonomic or vasomotor imbalance with an ascendant 
parasympathetic system. This increased activity of the parasympathetic divi- 
sion accounts for the general hjrpersensitivity of the person toward both hista- 
mine and aeetjdcholine. Under .such circumstances it may be postulated that 
prostigmine — though a para sympathetic stimulant in physiologic doses — may, 
m the minute desensitizing doses, increase the re.sistanee of the parasympathetic 
division to both substances. 


summary axd coxcluhioxs 

A series of 60 patients with periodic headaches with migraines and hista- 
mine cephalalgias predominating, were treated orally with gradually increasing'- 
doses of prostigmine. The extremely gi-atifying re.sults which were obtained 
tend to prove (1) that in addition to histamine, acetylcholine is one of the 
factors involved in the production of thase headaches; (2) that a .similar neuro- 
biochemical mechanism is operative in many types of periodic headaches; (3) 
that prostigmine is as effective as histamine, and more convenient than h in 
the treatment of these headaches. ’ 

.a, }^'*r C'Xprtdd our appreciation to Hoffman-La Roche Inc fnr tu* ^ , 

Ihb btudy. Avwciic, inc., lor the materials used in 
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OBSEEVATIONS ON THE EFFECT OF HISTAMINE PHOSPHATE ON 
GAPILLAEY PERilEABILITY ANB INFLAMMATION* 


R. H. Rigdon, M.D., Memphis, Tenn. 


T he reactions of tlie skin to histamine are adecjuately described, and the 
observations of others are I’cviewed by Lewis.^ "Wiieii introduced into tlie 
skin ill minute quantities, this poison “produces a characteristic series of inde- 
pendent phenomena comprising- (a) local dilatation of the minute blood vessels 
bjr a direct action upon them; (b) a widespread dilatation of neighboring 
strong ai’terioles through the medium of a local refle.N mechanism; and (e) 
increased permeability of the vessel walls by direct action.’’^ Most investi- 
gators agree with these observations. In addition to these changes. Moon" has 
emphasized that there is stasis of blood ivith some diapedesis of red blood cells 
into the tissue spaces. The effects of histamine upon the systemic circulation 
are the same, and are due to the same mechauism as its local effects upon the 
capillaries of the skin." 

Bloom^ in 1922 advanced tlie idea that the migration of leucocytes into the 
tissues in areas of inflammation may be due to histamine. Grant and Wood^ 
were imable to demonstrate such an effect on the leucocytes of man, rabbit, and 
the frog. Oil the contrary, however, 'NVolF and Findlay® showed that histamine 
acted as a positive chemotaetic substance both in vitro and in vivo. 

Best and McHenry- in 1931, in reviewing the role of histamine in inflam- 
mation, state that “the vei-y interesting and fundamental question of tiie role 
of histamine or a histamine-like substance in the production of the phenomena 
observed in inflammation is still controversial. A thorough investigation of 
the subject is needed.’’ 

Interest in the role of histamine in the development of the local inflam- 
matoi-y reaction has been stimulated by the recent ivork of Menkin.® This 
investigator concludes from his experimental work tliat leueotaxine is the sub- 

*From the Departmeut of Pathology, University of Tennessee. Memphis. 

Aided by grants from the International Cancer Research Foundation and the University 
of Tennessee. 

Received for publication, Maich 30, 104... 
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stance responsible for the increase in capillary permeability and also for the 
localization of leucocytes in the local area. Jlenkin'’ says "in regard to the 
statement that various products of protein metabolism, such as amino acids, 
are capable of inducing leucocytic migration, it is interesting to note that ob- 
servations with a number of i’epre.scntative- amino acids (as well as histamine) 
have failed to reveal leucocytic migration.” Furthermore, there is no evidence 
according to jMenkin to support the contention that the permeability factor in 
inflammation is histamine.® 

It has been shown that trypan blue following an intravenoas injection 
localizes and concentrates in areas of inflammation in the skin of the rabbit only 
during a specific interval following the application of xylol to the skin. The 
greatest quantity of dye localizes and concentrates in the area of skin where 
the xylol is applied for the shortest time before the dye is injected. It has also 
been shown that the localization of leucocytes in areas of skin in the rabbit,' 
showing macroscopic evidences of inflammation, is not determined by the time 
that trypan blue localizes and concentrates in the same tissue.’®' ” 

A problem is outlined to study the effect of histamine phosphate on capil- 
lary permeability and inflammation because there is some question as to the 
role that histamine may play in these processes. The technique is similar to 
that used in other studies on capillary permeability and inflammation.’®'’® Varj'- ' 
ing dilutions of histamine phosphate are injected intradermaUy preeeding the 
intravenous injection of trypan blue. Observations are made on the localization 
and the concentration of dye in the histamine-injected areas of .skin. Histo- 
logic studies are also made on the areas of skin injected -with the histamine. 
Data are given on the changes produced in the number of circulating leuco- 
cytes following an intraveous injection of histamine. 

METHODS AND il.VTEBIAL 

Adult rabbits are used. The hair is carefully shaven from the sides and 
the abdomen several days before the experiment is begun. -The follomng dilu- 
tions of histamine phosphate* are used: 1:1,000 (stock solution), 1:3,000 
1 :5,000, 1 :8,000, and 1 :10,000. All dilutions are made in saline. Twb-tenths 
cubic centimeter is injected intradermaUy. Several injections are made into 
different areas of the same animal. In some rabbits a single dilution is used 
while in others several dilutions are injected. Ten cubic centimeters of a 0.2 
per cent solution of ti-ypan blue in saline is injected intravenously following 
the last injection of the hi.stamine. The time at which the histamine and the 
dye are injected is given in the individual experiments. Observations are made 
on- the time of the localization and the concentration of the dye in the differ- 
ent areas of skin. 

■Areas of skin injected with the histamine are fixed in a 10 per cent solu- 
tion,, of formalin immediately after the rabbits are killed. Paraffin sekions are 
prepared and stained with hematoxylin and eosin. ... 

Eight rabbits are used to study the effect of histamine on the number of 
circulat ing leucocytes. A standard technique is .used for making these counts 

•Supplied b>~ Parke, Davis & Company. 



1556 


THE JOURNAL OF U\BOB.\TORY AND CLINICAL MEDICINE 


The white blood cells are counted in each rabbit immediately before O.l c.c. of 
a 1 :1,000 solution of liistamine phosphate is injected intravenously into the 
marginal ear vein. The white blood cells are counted after one, two, four, five, 
seven, twenty-three, and tiventy-eight hours. These data are analyzed sta- 
tistically. 

Table 1 

Interval Between the iNTKADERir.vL Injection or Histamine and the Intr.vvenous 

Injection of Tkypan Blue 


NUMBER OF 
RABBIT 


MINUTES 

0 I 15 I 30 I liO 


HOURS , 

3 I 4 I 5 I G 


1:10,000 Dilution of Bistaniine 


967 

0 

0 1 

0 

1 0 

0 


0 

0 

0 

968 

+ 

+ 

0 

0 

0 


0 

0 

0 

969 

+ 

0 1 

1 

1 0 1 

0 

1 :: 

i 

I 


976 

1 + 

+ ! 

1 + i 

1 - 

1 - 

1 - 1 

- 

i - ' 

- 


1:8,000 Dilution of Histamine 


969 

+ 


0 

0 

0 

- 

- 

- 

976 

+ 


+ 

- 

- 

- 

- 

- 




? 

0 

0 

0 

0 

0 


+ 

0 

0 

0 

0 

0 

0 

0 

1017 


0 

0 

0 

0 

0 

0 

0 


1:5,000 Dilution of Eistamine 


969 

+ 

0 


0 

0 

■BM 

- 

- 


976 

0 

0 


- 


mM 

- 




+ 

+ 


0 

0 






+ 

+ 

+ 

0 

0 






+ 


+ 

0 

0 

0 

0 

0 

0 

1066 

+ 


+ 

0 

0 

0 

0 

0 

0 


1:3,000 Dilution of Histamine 


969 

+ 

+ 

0 

0 

HI 


- 

- 

- 

976 

+ 

0 

0 

- 



- 

- 

- 

1060 

+ 

+ 

+ 

0 




- 

- 

1061 

+ 

+ 

0 

0 



- 

- 

- 

1065 

+ 

- 

+ 

0 


0 

0 

0 

0 

1066 

+ 

“ 

+ 

■Dl 

Hi 

0 

0 

0 

0 


1:1,000 Dilution of Histamine 


784 

•f 

+ 

+ 




+ 

+ 

+ 

945 

+ 

+ 

+ 

0 

+ 

+ 

+ i 

+ 1 

0 

946 


+ 

+ 

+ 

+ 1 


+ i 


+ 

969 

+ 

+ 

+ 

+ 

+ 

^H^H 


^H^H 


976 

+ 

+ 

+ 

- 

- 




- 

804 

+ 




+ 


^H^H 

^H^H 

+ 

1060 

+ 

+ 


+ 

+ 

^H^H 

^h^h 

^H^H 

** 

1061 i 

+ 1 

+ 1 


+ 1 


IBH 


HBH 



EXPERIMENTAL 


OBSERVATIONS ON THE LOCALIZATION AND THE CONCENTRATION OP TRYPAN BLUE 
IN AREAS OF SKIN INJECTED WITH HISTAMINE 

A group of rabbits are injected intradermally ivith a series of different 
dilutions of histamine at the following intervals before 10 c.c. of trypan blue 
are injected intravenously: six houi-s, five houi-s, four hours, three hours, two 
hours one hour, thirty minutes, fifteen minutes, and immediatel 3 L The con- 
centration of histamine injected and the location of the dye in the skin are 
shown in Table I. It is evident from these data that trypan blue localizes and 






















































kigdon: observations on histamine phosphate 1 

concentrates for less than thirty minutes in areas of skin previously injected 
XMons of histamine less than 1:3.000. When a 1:1,000 dilution of 
histamine is injected, the dye may localize and concentrate 1 °- areas of stan 
injected as long as five to six hours previous to the injection of the dye. &o 
of these rabbits are uijected with only a single dilution of the histamine. 

The skin at the site of the injection of the histamine usually becomes 
blanched immediately following an intradermal injection. This color persists 
for varying periods of time. The skin around this blanched area becomes 
hyperemic and apparently edematous. The macroscopic size of tbe skin lesion 
is influenced by the concentration of the histamine. The lesions may persist 
for six hours when a 1:1.000 dilution of histamine is injected. There is only 
an insignificant amount of blanching when a 1:10,000 dilution of histamine is 
injected. The hyperemia persists for only a short time. 
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1 • V 
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‘ ■’ \ 

Pig. 1_A The subcutaneous tissue Is slightly edematous. How much of the edema results 
from thi fluid injected and how much from the effect of the histamine on the ^pillarj- .walls 
cannot be determined histologically. This rabbit was Injected intradermally with 0— c.c. of a 
1:1,000 dilution of histamine phosphate for ten minutes before this section was removed. 

B. In addition to some edema in the subcutaneous tissue there are few polymorphonuclear 
leucocytes. These are present especially around the small blood v^sels. This is the same 
rabbit as shown in A. Two-tenths cubic centimeter of the 1:1,000 dilution of histamine phos- 
phate was injected intradermally flve hours before this section was removed. 

C, Leucocytes and edema are present in the subcutaneous Ussue. This is the same rabbit 
as shown in A and B, Two-tenths cubic centimeter of the 1:1,000 dilution of histamine phos- 
pliatc was injected intradermally eight hours before this section w’as removed. 

Trypan blue stains a ring of tissue blue around the blanched zone at the 
site of the intradermal injections. This dark blue zone may measure as much 
as 1 cm. The blue color then gradually fades as it extends peripherally. Tbe 
entire area of skin becomes more or less uniformly blue when the most dilute 
solutions of histamine are injected. Trj'pan blue may fail to localize and to 
concentrate in areas of skin injected with a 1 :3,000, 1 :5,000, 1 ;8,000, and 
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1:10,000 dilution of histamine, although the skin is hypereraic. This occurs 
when the dye is given either thirty minutes or longer following the injection 
of the histamine. 

HISTOLOGIC STUDIES UPON THE AREAS OP SKIN INJECTED WITH HISTAMINE 

Sections of skin are removed from 5 rabbits injected ivith 0.2 c.c. of a 1 ;1,000 
dilution of histamine at the following intervals before the animals are killed: 
0 minutes, fifteen minutes, thirty minutes, one hour, two hours, three hours, 
four hours, five hours, and six hours. Sections of skin are also removed from 
3 other rabbits injected ivith 0.2 c.c. of a 1 ;S,000 dilution of histamine at corre- 
sponding intervals before death. 



Piff. 2. — Small, focal areas of Regeneration occur in the fibers of the cutaneous niaximus 
muscle following the intradernial injection of 0.2 c.c. of a 1 :1.000 dilution of histamine phos- 
phate. Polymorphonuclear leucocytes infiltrate the area about tlie necrotic tissue. Tiie hista- 
mine was Injected five hours before this section was removed. 

The histologic changes are essentially the same when a 1 :S,000 and a 1 :1,000 
dilution of histamine is injected. There may be some difference in the extent 
of the lesion, but this factor is difficult to determine from these sections. It is 
also difficult to separate the effect of the volume of fluid injected from the edema 
.fluid that results from the direct effect of the histamine on the capillaries. 
_Polymoi;phonuclear leucocytes are present in the extravaseular tissue usually 
■\vithin an hour fplIoMong the injection of the histamine. The number of these 
cells apparently increases ■ during the following four to five hoiu’s. After this 
time apparently the number of leucocytes decreases. Leucocytes usually in- 
filtrate the eorium and the subcutaneous tissues down to the cutaneous maxi- 
mus muscle (Fig. !)• Sometimes there is a pink stain material in the sub- 
cutaneous tissue. It- is considered to be coagulated serum. 

There are small focal areas of degeneration in the cutaneous maximus mus- 
cle.' It is impossible to determine accurately the time at which this lesion 
begins ; howevex’, the sections removed two liours after the histamine, is injected 



»,0»0X. OBSEBV.mOSS ON HKTAM.se PHOSPBiTE 

ti This lesion is cliaraetemed by a swelling of 

telSrienUoss of ibe s..iations.^^T^^^^^^^^ 

numbers around such muscle fiheis (Fj„. -)• „ r.f i 1 -1 000 dilu- 

tions are removed; seven, six, fi^ e. fo , > maximus muscle in these 

is made to inject the histamine j ^ this material 

animals. This tecluu,ue is the other animals, except 

shoiv the same histologic changes . ^ 

there is a more extensive lesion in the muscle 
the former group of rabbits. 

EpraCT OE HISTAMINE PHOSPHATE ON THE NOMSEE OP CIECHEATINO 
leucocytes IX THE RABBIT 

, A ill Table II The number of leuco- 

Tbe data from these counts aie given ui laoie r „ „ - ai,„ 

lae udi .1 4 ,.„vAn«A<; flurin" the seven hours following the 

cvtes in the circulating blood iuci cases n . .i • i a 

intravenous injeetion of histamme. The immber of leucocytes m the eimilat- 
i„g bid, however. retuniB to within the range of normal Iwenty-four hers 
following the injection of the histamine. 

Table II 

« «•»-■ i-\x- oTiir '^t"'\lBEP OF CiRCCLATIXG "WHITE BlOOD CELLS IN THE 

Effect of Histauixe Phosphate os tue 


RABBIT NO- 1 

9:00 1 
\ Ar. 

10:00 

A.M. 

11:00 

A.M. 

1 :00 
P.M. 

2:00 

P.AI. 

4:00 

P.AI. 

8:00 

A.M. 

1:00 

p.3r. 

gu 

915 

916 

917 

1012 

1013 

1011 

1015 

H 

H 

k^K £■ mB 

26550 

14150 

33300 

30100 

41800 

12900 

13700 

25000 

1 

■ 

16350 

11500 

22200 

9950 

10150 

12600 

17950 

11500 

Means 

9813 

16362 

22212 

21725 

223o6 

1058/ 

15750 

13875 

"+11882 

+12513 

+5511 



Differences in 


+6519 

+12369 



2.56 

3.98 

.3.90 

.3.11 

4.26 



Value of t.t 




0.25 

5.87 

2.68 




•Differences in the mean leucu^uc wwt.wo __ 

( must equal 2.115 or more tor the increase to be statistically signiflcant. 

Histamine inlected at 9:00 uV.JI. immediately foUowins the blood count, 
tt. Value of t when the experimental animals are compared hour to hour— 11 deeree.s of 

freedom^. ^ experimental animals are compared with 32 control animals— 38 

degrees of freedom. 


The values of t are calculated for these samples of 8 rabbits in order to 
compare the counts at 9:00 a.m., 10:00 a.al, 11:00 a.al, 1:00 p.ai., 2:00 p.al, 
and 4:00 p.ji. of the day of injeetion ; and counts are made again at 8:00 A.ii. 
and 1 ;00 p.ai. on the following day. t must equal for 14 degrees of freedom 
2.145 or more if the increase in the mean leucoeytc count Ls significant. Tlie 
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the^mean leucocyte eoiuits of 3‘> on animals are also compared with 

comparisons are also shown ^ 

equal 2.02 for the diiferenecs to be staitiedly ^ 

DISCUSSION 

intradermally h^tlm i-rblhracts" as a^d! P^'«sphate, when injected 

is eonfimatoo' of the studies of w ifs fii^te siibstaiiee. This observation 
port the opinion expresIetU v Blo» • '■o'vever, it does not snp- 

histamine on the attraction of leucocyte^' 

intradernmUnjedioir/o?!”^ IdoTn'’' following the 

indicates that this substance nnv m u’ 1:8,000 dilution of histamine, 

permeability, but also a severe ‘ Lmw th!f“°^ in capillary 

of this necrosis it becomes more difficult tn necrosis. Because 

inflammation. ascertain tlie role of histamine in 

in areas of skin previously ffijected^ 'ndt^V localizes and concentrates 

concentration of trypan blue iJi thec^ ^ ^he localization and the 

between the injection of the histamine infliienced by both the iiiteryal 

ceiitration of histamine. The skin wlier ^I'c dye, and the con- 

histamine is injected, becomes blue ^ ^ ^ :1,000 dilution of 

dye is injected intrayenously as Ion- as 

tion of the histamine. In contrast to tin’ ii intradermal injec- 

centration of dye than that in the untrLte 7 ^ ^ 
nimutes elapses between the iuiection nf 7 interval of thirty 

the intravenous injection of the trynan 1 T dilution of histamine and 

histamine, when injected intradermallv in observations suggest tiiat 

the metabolism of the regional cells ' T * ^ disturbance in 

injection localizes and eoneentrate.s in ? following an intravenous 

that this abnormal metabolic process is presenT 
so-called normal” very quicldy as inriinot n , , to t^e 

localize and to concentrate in tlie skin wli ^ ^^dure of ti-ypan blue to 

is injected thirty minutes before the dve is -iven 

for at least six hours when a 1 :1 000 dilm'” f • nemain abnormal 

interval during which tiypaii blue mav lnl°r ° ^’®^‘’i^uine is injected. This 

skin previously injected with histamine "“''"‘^^trate in areas of 

of histamine given to the animal. ‘ “ influenced by the total quantity 

A specific period during which trvpan hi i 
area is the same phenomenon as previmislv nif °‘^^nzes and concentrates in an 
and a variety of circulating substances Trv^'^ ^ "I’oup of irritants 

staphylococci, and staphylococcus antitoxin ^nnhT i- ^drus, 

the skin only vdthiii a period of three houi-s fnii ^°d concentrates in 

W When staphylococci .v, i„i«M Inter”', “ “PPiication of 

given intravenously, the largest amount of tlie rhr v *5die is 

01 tiie dye localizes in the area where 
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the bactei'ia are injected within u period of three hours previous to the injec- 
tion of tlie dye.'- In a discussion of these observations it has been suggested 
that “the process in inflammation referred to as increased capillary ijeiTnea- 
bUity represents a phenomenon well recognized in vital staining. The staining 
results from a metabolic disturbance in the epithelial ccUs, connective tissue 
cells, and endothelial cells of the small blood vessels,”*® 

It is of interest to know that the polymorphonuclear leucocytes concentrate 
in areas of skin injected intradermally with liistamine for a much longer 
period than that in which trypan blue localizes and concentrates in the same 
area. It has been pointed out in other studies that “the dye may localize 
and concentrate in tissue when there are no polymorphonuclear leucocytes and 
fail to localize and to concentrate when the subcpithelial ti.ssues are diffusely 
infiltrated with leucocytes.”*® 

The data in this experiment .show that there is a statistically significant 
increase in the leucocyte counts of rabbits injected intravenoasly with 0.4 c.e. 
of a 1 :1,000 dilution of histamine pho.sphate. This increase occurs within one 
hour of the time of injection and continues for at lea.st seven hours. These data 
are obtained by comparing the counts of the experimental animals with the 
counts from a group of 32 nomal rabbits. 

The demonstration of a leueocyto.sis following the injection of histamine 
phosphate corresponds to the obser\’ation.s of iloon.^ He finds that hi.stamine 
produces a leueocytosis in cats, monkeys, and human beings. Menkin,® how- 
ever, considers that histamine is essentially inactive for producing an increase 
in the leucocytic level in the blood of both dogs and rabbits. 

It is obvious that the phenomena that occur in the local areas of inflam- 
mation and in the circulating blood arc complex. These experimental observa- 
tions -with histamine may be an index of some of these changes; however, one 
must be careful in interpreting them, since there appears to he a variety of 
unrelated .substances, each of which may produce an increase in capillary per- 
meability and a localization of leucocytes in the skin of the rabbit. 


SUM3LIKY 


Hi.stamine pho.sphate, when in.jeeted intradermally in the rabbit, pro- 
duced a change in the tissue cells that prermits the localization and the concen- 
tration of trypan blue in the local area. This localization and concentration 
uf trypan blue are influenced by both the concentration of histamine and the 
interval between the intradermal injection of the histamine and the intra- 
venous injection of the dye. 

Poljnnorphonuclear leucocytes localize in the subcutaneous ti.ssues of the 
rabbit following an intradermal injection of hi.stamine phosphate. 

Necrosis occurs in the fibere of the cutaneous rnaxirnus rnu.scle following the 
intradermal injection of hi.stamine pho.spjhate. ° 

The number of white blood cells increa.ses in the circulating blood follow- 
ing an intravenous injection of hls-tarnine pho.sphate. The number, however 
returas to normal within a period of twenty-four hours, ' ’ 


of lnU»=bt(:«l to Dr. f. D. Proft-j.-.or of Prtvftntivc Ifr-rlD-in, t- , 
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CLINICAL CHEMISTRY 


CHOLESTEROL STUDIES IN THE AGED* 


Henry A. Rafsky, M.D., F.A.C.P., and Bekxard Newmax, B.S., Cii.E., 

New York, N. Y. 


N umerous investigators’"'' have studied the total cholesterol concentration 
and its partition, that is, the ratio of the free cholesterol, or the cholesterol 
esters, to the total cholesterol in the blood of persons below 60 years of age. 
Comparatively scant attention, however, has been paid to the cholesterol par- 
tition in the blood of normal per.sons past 60 years of age. A difference of 
opinion also exists as to whether advancing age affects the cholesterol values. 
In 1923 Parhon and Parhon’- stated that the total cholesterol concentration 
in whole blood increased slightly with age. In 1924 Bing and Heekscher’“ 
found that the blood lipids were relatively low in youth and increased mth 
advancing age. These observers stated that the upper and lower limits for 
the total cholesterol in the blood of normal aged persons Avere 260 and.125 mg, 
per 100 C.C., re.speetively. On the other hand. Page, Kirk, Lewis, Thompson, 
and Van Slyke^ found that in a studj' of the lipids in the plasma of males of 
all ages there was no regular important change in any blood lipid fraction 
with advancing years. Similarly, Hunt” stated that the age of the patient 
does not affect the blood cholesterol values. It was, therefore, thought of 
interest to make a study of the blood cholesterol and its partition in the serum 
and whole blood of normal aged males and females. 

experimental, study 

The subjects chosen for this study comprised 76 males and 74 females. All 
were housed in the “Home” division of the institution, all Avere ambulatory, and 
all were on the normal institutional diet. Their ages ranged from 62 to 104 
years and Avere distributed as outlined in Table I. The mean ages were found 
to he 77.1 years for males and 76.2 years for females. 

Detenninations Avere made of total and esterified cholesterol in both serum 
and in Avhole blood, using the method of Bloor and Knudson.’ All determina- 
tions AA^ere made after a fasting period of at least eight houi-s in order to rule 
out any temporarj" lipemia due to ingestion of fatty materials. The free cho- 
lesterol Avas computed in each ease by subtracting the esterified ehole.sterol from 
the total cholesterol, and this value, divided by the total cholesterol, gave the 
fraction exi.sting in the free state. 

Table 11 shoAvs the distribution of the total cholesterol concentration in 
milligrams per 100 c.e. for both Avhole blood and serum for both sexe.s. Table 
nr shoAvs the distribution of the free cholesterol percentages for both Avhole 
blood a nd serum for both sexes. 

*Proni the Hospital and Home of the Dauehters of Jacob. X'ew Y'ork. 

This study was aided by a grant from the Paul Hir.sch Fund. 

Received for publication. June 1 . 1542. 
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The values for the total cholesterol eoneentratioii in the blood of the male 
subjects in our study ranged from 180 to 340 mg. per 100 c.c. in serum, and 
from 158 to 316 mg. per 100 c.c. in whole blood. The range of cholesterol con- 
centration in whole blood for females was from 149 to 329 mg. per 100 c.c., and 
in serum the lower and upper limits were 168 and 320 mg. per 100 c.c., 
respectively. 

T.1VBLE I 


Age-Frequency Distribution op Subjects Studied 


AGE GROUP 
(YEARS) 

irAiiES 

FEMALES 

TOTAL 

60-65 

4 

0 

4 

65-70 

8 

14 

22 

70-75 

19 

19 

38 

75-80 

21 

25 

46 

80-85 

12 

10 

22 

85-90 

7 

5 

12 

90-95 

5 

0 

0 

95-100 1 

0 

0 

0 

100-105 

0 

1 

1 


The free cholesterol in males was between 16 and 64 per cent in serum 
and between 14 and 75 per cent in whole blood. The free sterol for females 
showed a variation between 17 and 67 per cent in serum and between 11 and 
75 per cent for whole blood. The average total cholesterol values in whole 
blood were computed to be 219 mg. per 100 c.c. for males and 227 mg. per 
100 c.c. for females, and in serum the ai’erage total cholesterol values were 
found to be 246 mg. per 100 c.c. for males and 232 mg. per 100 c.c. for females. 
The average value for free cholesterol in whole blood was 39 per cent for males 
and 50 per cent for females, while in serum the average free cholesterol was 
37 per cent for males and 42 per cent for females. The over-all average for 
total cholesterol in whole blood was 223 mg. per 100 c.c. ; with the free sterol 
amounting to 46 per cent. Averaging all the values for serum gave a total 
cholesterol of 238 mg. per 100 e.c. of which 39 per cent existed in the free state. 

COMjAIENT 

The total cholesterol and cholestex'ol partition were studied in a group 
of 150 so-called normal aged persons. According to Todd and Sanford,'” 
the normal limits for total cholesterol estimated by the Bloor method were 
165 to 200 mg. per 100 c.c. for plasma or serum with 30 per cent as the maxi- 
mum normal free sterol. Bloor and KnudsoiT found that the total concen- 
tration of cholesterol was from 180 to 200 mg. per 100 c.c., “little difference 
being noted between the results for whole blood and serum if the normal 
ratio of esters to free sterol is maintained.” They further stated that in 
serum the maximum normal percentage of free sterol encountered was about 
40 per cent, and in whole blood the free cholesterol ran to a maximum of 33 
per cent. Pickhardt, Bernhard, and Kohn” I'egarded 30 per cent as the maxi- 
mum normal percentage of free sterol in serum. Bodansky and Bodansky" 
stated that the concentration of total cholesterol in plasma was between 160 
and 200 mg. per 100 c.c., with the free sterol around 30 per cent with very 











kak.skv-nkwjian : 


CUOI.V-STKKOI. STCDlKri IN TMK AOKO 




slight vai'iiitioii. On the basis of tliese anil other studies,'’ Y”!!!!! 
uonuul eoueentration of total eholesterol in either sofinn Y I t 

be regarded as 200 mg. per 100 e.e., with a maximum ot dO to 40 pci 

c.xisting as the free sterol. 

'PAni.r. II 

Kur.Qi r.seY DisTiam.-Tio.x ror: Totai. Ciioi,K.sTiai(m 


TOTAL CIIOr.K.STF.ROI. 
MO./lOO c.c. 


110-160 

160-1SO 

lSO-200 

2Q0-22O 

220-210 

210-260 

260-2SO 

2S0-30O 

300-320 

320-310 

310-360 

360-3S0 


wiioi.K ni.ooi) 


MAI.K.S 


KKlfALK.S 


9 

11 

G 

S 

0 

3 

1 
1 
0 
0 
0 


9 

10 

5 

3 

3 

0 

3 

0 


SKl’.C-M 


.M.M.KS 


0 

0 

■1 

3 

5 

3 

0 

1 
1 
0 
1 
0 


VEMALKS 


0 

3 

G 

■I 


1 

1 

-1 

1 

0 

0 


TOTAL 


•1 

19 

o'> 

• 

23 

20 
12 
11 
12 

9 

1 

1 


T.cbi.e III 


FllEQUENCY DISTIUHC'TIOX KOK PERCENTAGE FREE CHOLESTEROL 


FREK CHOLESTEROL 

% 

WHOLE 

BLOOD 

SEBUJI 1 


HAt.ES 1 

FEMALES 

M.UaKS 

FEMALES 


10-13 

15-20 

20-25 

25-30 

30-35 

35-10 

40-43 ' 

43-50 

50-55 

55-60 

60-65 

65-70 

70-75 

75-SO 



0 

4 

1 

0 

tj 

1 
*> 

2 

0 

1 

0 

0 

0 

0 

1 

1 

5 

2 

1 

3 

3 

4 

3 

1 

1 

0 

0 

0 

6 

6 

16 

14 

11 

22 

13 

22 

"s 

14 

6 

3 

3 


In this study, as can be seen from Tables II and III, ivhen whole blood 
was used, 29 males and 28 females, or 57 per cent of the subjects investigated, 
had a total cholesterol concentration of more than 200 mg. per 100 c.c.; .30 
males and 38 females, or 68 per cent, had a free cholesterol of more than 40 
per cent. When serum was employed, 19 males and 18 females, or 74 per cent 
of the subjects studied, had a total cholesterol of more than 200 mg. per 
100 e.e. ; 10 males and 17 females, or 54 per cent, showed a fr-ee cholesterol 
in excess of 40 per cent. 

The question now arises as to cvhetlier the comparatively high total and 
free cholesterol in the normal aged person has any significance. Are these 
increased cholesterol values a natural concomitant of old age? The persons 
in this .study did not present any clinical evidence of liver dysfunction, biliary 
tract disease, diabetes, or renal impairment, which conditions are often accom- 
panied by a hypercholesterolemia and a disturbed eholesterol partition 
Arteriosclerosis is a factor that must be taken into consideration in any per- 
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son past 50 years of age. Kilduft’e'® stated that increased cholesterol values 
are often associated with arteriosclerosis. Leary^^ thought tliat arteriosclero- 
sis is probably the result of abnormal cholesterol metabolism. Best and 
Taylor'® stated that one of the means by which arteriosclerosis could be pro- 
duced in rabbits was by feeding diets high in cholesterol. They also claimed 
that the administration of cholesterol is one of the most certain means of 
producing excessive deposition of neutral fats in the liver, with a resulting 
accumulation of cholesterol esters. 


SUJIMARY 

Cholesterol studies were made in 150 normal aged persons. Of the 100 
persons in Avhoni whole blood was studied, 57 per cent had a total cholesterol 
concentration of more than 200 mg. per 100 c.c., and 68 per cent showed free 
cholesterol of more than 40 per cent. Of the 50 persons in whom serum was 
used, 74 per cent had a total cholesterol concentration of over 200 mg. per 100 
C.C., and 54 per cent had an excess of 40 per cent free cholesterol. 

We wish to thank Dr. Samuel Seiclenberg for his cooperation. 
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sulf()Xa:\iii)I': solubility in ukea* 


SiDNKY S. Somx, Pu.l)., St. I.oui.s, ^Io. 


S ULFOXAMIDE hom:ituria, well reco^nizotl in both clinic and laboratory, 
is closely associated with mechanical traninatic cft'ect.s following precipita- 
tion of insoluble acet.vlated snlfanilyl derivatives within the urinary tract. 
Recent studie.s by Cnrti.s and Sohin' have shown that the solubility of ucctijl- 
siilfiipijridinc and acetiflsulfulhutzolc is considerably enhanced by an alkaline pH 
and by increasing amounts of urea in .solution. Both of these factors may well 
explain the difference in solubility of these substances in water and urine. The 
peptizing effect of urea is also seen with other more simple chemical substances.' 

Analysis of the precipitated material found in the urinary tract of man 
and animals has shown that in sulfai\vridine-treated cases more free drug is 
present than in the sulfathiazolc-treatcd cases.""' To determine a po.ssible 
inechanisin for the differences in free .sulfonamides in urolith.s, the .solubility 
of the free acids of sulfapyridine, svilfathiazole, and sulfadiazine in varying con- 
centrations of urea have been studied. 

It was further hoped that the solvent effect of urea on these sulfonamides 
might be sufficient to allow the preparation of a soluble form for parenteral use 
wthout the attendant dangei's of a high ])H of the alkaline salts. 

JfETHOD 

Urea solutions of varying concentrations from 0.1 to 10 per cent were in- 
cubated at 37° C. with an excess of sulfapyridine, sulfathiazole, and sulfa- 
diazine, shaken at intervals, and filtered through two thicknesses of "Whatman 
No. 42 filter paper. After appropriate dilution the free sulfonamide was de- 
termined by the method of Bratton and jMarshall,' using the Evehui colorimeter 
and a No. 540 filter. 

• RE.SULT.S 

The results of this series of observations are shown graphically' in Fio-. 1 
Solubility in milligrams per 100 c.e. is plotted on the ordinates, and concentra- 
tion of urea in per cent on the abscissae. The order of increasing solubilitr is 
sulfadiazine, sulfapyridine, and sulfathiazole. The order of increasing solvent 
effect of urea is the same as their solubilities. 




It has been previously shown that the solubility of acetylsulfathiazole is 
slightly increased by urea, and that of aeetylsulfapyridine is more definitely in 
creased.^ In neither ease is the total solubility in 10 per cent urea solution 
above 40 mg. per 100 e.e., as contrasted unth the values of 133.0 m<^ ner 100 e o 
for sulfathiazole and 73.3 mg. per 100 e.e. for sulfapyridine in similar 10 uer 
eei^'ca solution. The diffetenec in solubility between the free aeids tbL- 


Mich. 


tUClU- 

‘From the Department ot Internal Xledicine. University- or Xliehigan Hospital. Ann Arbor 
tXow .at tVir. -D.,. oor. 


tXow at the Barnes Hospital. St. Louis. 
Kecelved for publication, June IS. 1942. 
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selves and between tJie free acid and their acetylated compounds is sufficient to 
explain tlie concentration of sulfapyridine and sulfathiazole in analyzed uroliths. 

The solubility of sulfadiazine is quite low, and in 10 per cent urea the max- 
imum solubilitj" M’as found to be 31.5 mg. per 100 e.c. This figure approximates 
the solubility of acet 3 dsulfapyridine and aeetjdsulfathiazole, and re-emphasizes 
a potential danger in the use of this drug — already" experienced elinieallj'. 



Fig-. 1. 


The solvent effect of urea on these sulfonamides is not of sufficient degree to 
be adaptable to parenteral sulfonamide therapjL 

CONCLUSIONS 

1. Urea increases the sohibilit.v of sulfathiazole, sulfapj'ridine, and sulfa- 
diazine. 

2. The extent of such increase in solubilitj' maj- explain some related prob- 
lems of renal precipitation of sulfonamides. 

3. Sulfonamide ’s solubility in urea-sulfonamide solutions is not sufficient to 
warrant its use in parenteral therapy, 
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LABORATORY METHODS 


(jENERAL 


A STUDY OU THU UHENOMBNON OU 
SEDUMENTATION® 


EllYTlIROCYTE 


III. AnticoaciUlation as a Tkchn’ical Sourck or Variations 


Koy E. Nichols, B.V.Sc., M.Sc., Pii.D.,t Lakayktte, Ind. 


I N A PREVIOUS publication a critical survey of considerable literature deal- 
ing with sedimentation was presented^ In another publication- a reliable 
technique for measuring sedimentation, a more practical “field technique” and 
endence of the reproducibility and limitations of each were advanced. Tins 
paper includes evidence supporting my choice of the kind and amount of anti- 
coagulant used, as well as the limitations of this choice and variations due to 
other kinds and quantities of anticoagulants. 

The choice of a suitable means of anticoagulation for sedimentation studies 
in equine blood has been a perple.King problem. Many different concentrations 
of several kinds of anticoagulants were attempted, examples of results of which 
are to follow. Defibrination was also attempted but, because of varying degrees 
of hemolysis and somewhat variable results, was discarded. It is realized that 
Pahraeus^ employed this method of anticoagulation quite extensively with horse 
blood but used as a criterion of sedimentation a single reading at the end of one 
hour, a method of reading which because maximum sedimentation has passed 
will jdeld somewhat comparable results in practically all samples of equine blood 
having fairly close volume percentages. Pahraeus admitted that his method 
did not in reality measure sedimentation. 

In defibrinated samples sedimentetion is slower than in samples ivith added 
anticoagulants. In samples in which the process of defibrination caused the 
least cell damage, and plasma, although darker than anticoagulant plasma, was 
not reddish, volume percentages were closer to those of anticoagulant samples. 
Even in defibrinated samples where plasma w'as only slightly darker and volume 
percentages were quite uniform, sedimentation was much .slower, as for example 
with potassium and ammonium oxalated aliquots of the same blood sample: 


Aliquot No. 





Plasma 


1 

26 mm. 

10-15 min. 

30° 20' 

35.5 

Clear 


2 

25 mm. 

10-15 min. 

31° 30' 

36 

Clear 


3 

26 mm. 

10-15 min. 

30° 20' 

36- 

Clear 



^ ‘From a thesis presented in partial fulflllment of the reauirpmentc r^r- i 

Doctor of Philosophy in the Graduate School of the Ohio State University June^ 1941 

tComparative Physiologist. Department of Veterinao' Science, Purdue Tin’ivertih- 
Received for publication, April 3, 1912. 
fDc/lHitiona: 

cells millimeters of the line of demarcation between 

„„ .off minutes between which it occurs <4incr> wiiv, , 

?echnin!!c.‘'= ecuivalent of 3 mm., this time-distance rati'J is retk°ned’7or''the‘’"fl‘^n® 
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With clefibriiiated aliquots of tlie same blood sample as the foregoing;* 


Aliquot No. 




v% 

Plasma 

4 

18 mm. 

f 5-10 min. 
j 10-15 min. 

40” 20' 

34 

Darker 

0 

19 mm. 

10-15 min. 

38° 50' 

33.7 

Darker 

G 

20 mm. 

10-15 rain. 

37° 20' 

33.7 

Darker 


Photographic recordings of sedimentation of aliquots of the same sample 
of blood, with hemolj^sis at a minimum, are like Fig. 1. 




Fig. 1. — Sedimentation curves with the ammonium and potassium o.xalate mi.\ture (top) and 

deflbrination (bottom). 


•Definitions (cont'd) : 

= Angle opposite the liorizontal side of a right triangle liaving jts as the perpendicu- 
lar side and five minutes, or 15 mm., as the horizontal side. 


V94 = Volume per cent of packed cells. 

em = The perpendicular distance from the estimated point of change between the vertical 
flexion and horizontal flexion of the photographically recorded sigmoid curve of sedimentation 
of a sample and the top line of the photograph representing 100 mm. of blood column height, 
he., estimated “fall” in millimeters at the point of change. 

t,m = Time in minutes between the time of Ailing of the IVintrobe tube and the time that 
tho nnint of change between the vertical flexion and horizontal flexion of the photographically 
recorded sigmoid curve of sedimentation of a sample occurs (one minute = 3 mm.) 

/ _ least angle between the steepest slope of the sigmoid curve of sedimentation of 
a sample and perpendicularity. 


NICHOI-S: 


KKYTHItOUVTK .SKDlMKST.VnON' 
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lYitli potassium aiul ammonium oxalate: 


E.x. Xo. 

1 

eiii* 

31 mm. 

fr * 

• •m 

1) inin. 

r. 

20“ 

r.O Him. 

.I- Id mill. 

2'“ 

v% 

:n 

With defibrination: 







O 

19 mm. 

S tnin. 

29“ ur 

2.1 mm. 

u-lO mill. 

31“ 20' 



It was found tliat, if careful measuring was employed, similar results eoidd 
be obtained with similar (luantities of untieoa''ulant. It was telt then tiiat tlicsu 
anticoagulants should each he tested for the most suitable quantil}' and then 
these most suitable quautities eompared. It was decided to choose that anti- 
coagulant which had the least effect on both sedimentation and volume per cent 
over the widest range of concentration, and to use a minimal I)ut safe quantity 
of it, realizing, of course, that there might be some individual differences in the 
minimal quantity. 

^ m 




Fig. 2. — Effects of varying quantities of lithium citrate upon sedimentation. 


Accurate 2 per cent solutions of the following anticoagulants were prepared 
in double distilled water; potassiiun oxalate, sodium oxalate, lithium oxalate 
ammonium oxalate, potassium citrate, sodium citrate, lithium citrate, ammonium 
citrate, and sodium fluoride. 

Also a 2 per cent solution of a mixture of 3 parts ammonium oxalate and 
parts potassium oxalate and a 0.05 per cent solution of heparin eoutainin<^ 110 
units per Tniliigram were prepared, 


•Sec footnotes, page 1570, for definitions. 
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Collecting vials (0.5 ounce) previously graduated at 5 c.c. were prepared 
Mutli the following concentrations of dry anticoagulants by introducing the 
proper quantity of the afore-nientioned solutions and allowing the water to 
evaporate in an incubator; 

2, 4, S, 12, 16, 20, 24 mg. for all the oxalates. 

4, 8, 12, 16, 20, 24 mg. for the citrates and sodium tluoride. 

5.5, 11.0, 16.5, 22.0, 27.5, 55.0 units of heparin. 

Blood was collected as previously described- and divided mto the 5 c.e. 
aliquots for each set. Blood and anticoagulant were vigorously shaken for 
two minutes by hand. While no specific check was made of the completeness of 
the mixture of anticoagulant and blood, it is felt that, since the anticoagulant 
was disbursed as much as possible in the collecting vial to facilitate its solution, 
error in this respect is probably at least minimized. Of course, previous to de- 
termination of sedimentation, each aliquot was uniformlj' agitated in the me- 
chanical shaker previousl}' described.- 

Although there were minor variations in different samples, results which 
follow show at least trends. (In the following tabulated data C stands for 
clotting to the extent that measurements of sedimentation could not be made; 
c for evidences of small clots; / for what was thought to be fibrin precipitation 
observed in the plasma; d for slightly darker plasma; and h for plasma with a 
definite reddish east.) 


Anticoagulant — potassium oxalate : 


Alg./o c.c. of 
blood 


‘-At. 



Plasma 

2 

C 

- 


_ 

- 

4 

16 nim.c 

20-25 mill. 

43° 50' 

41.7 

Clear 

8 

18 mni. 

15-20 min. 

40° 20' 

40.3 

Clear 

12 

17 mm. 

15-20 min. 

41° 50' 

39.5 

Clear 

16 

12 mm. 

15-20 min. 

50° 30' 

38.5 

d 

20 

6 mm. 

10-25 min. 

67° 

37.7 

d 

Anticoagulant- 

-sodium o.xalate: 




Mg./5 c.c. of 
blood 





Plasma 

2 

c 

- 

_ 


- 

4 

17 mm. 

20-25 min. 

41° 50' 

39.5 

Clear 

S 

16 mm. 

15-20 min. 

43° 50' 

38 

Clear 

12 

15 mm. 

10-15 min. 

45° 

36.7 

Clear 

16 

9 mm. 

5-10 min. 

58° 10' 

36 

d 

20 

2 mm. 

20-25 min. 

81° 10' 

35.3 

d 

jeinticoagulant- 

—lithium oxalate: 




AIg./5 c.c. of 
blood 




v% 

Plasma 

2 

C 

- 

- 

- 

- 

4 

15 mm. 

15-20 min. 

45° 

- 

Clear 

8 

16 mm. 

15-20 min. 

43° 50' 

38 

Clear 

12 

4 mm. 

5-25 min. 

74° 10' 

37- 

d 

16 

2 mm. 

20-25 min. 

81° 10' 

36.5 

d 

20 

2 mm. 

20-25 min. 

81° 10' 

36 + 

d 




NIOIIOUS ; l-.UYTMUOCYTI 

SKDlMl'.NT.tTlON 

ITtTd 

Auticoaguliuit — ainiuonium 

oxalate : 




Mg./5 «•>’. of 
blooil 




v% 

I’ln.-iina 

0 

1 

S 

12 

It) 

20 

C 

17 mm. 

18 mm. 

17 mm. 

17 mm. 

17 mm. 

15-20 min. 

15-20 tiiiti. 

20-25 tnin. 

20-25 min, 

25-.'iO min. 

•11“ .50' 

40“ 20’ 

41“ 50' 

41“ .50' 

41“ 50' 

.'!9.3 

40.5 

-U 

42.3 

-43 

Clear 

Clear 

Clear 

Clear 

Clear 

Anlieoagulunl — 

potas.siuni 

citrale; 




Mg./o of 

lilood 

M, 

^\r. 

^ .\r. 


I’la.sma 

4 

C 

- 

- 

- 

“* 

8 

C 

- 

- 



12 

If) 

20 

C 

17 mm. 

Ill mm. 

15-20 min. 

10-20 min. 

41“ 50' 

-i;!“ 50' 

•1 li«*/ 

Clear 

Clear 

24 

1.1 mm. 

15-20 min. 



(hear 

Anticoagulaut- 

-sodium citrate; 




Mg-Zu c.c. of 
blood 

11, 



v% 

Plasma 

4 

C 

- 

- 

- 

- 

S 

c 

.. 

- 

- 

— 

12 

19 mm.c 

10-15 min. 

38“ 40' 


Clear 

10 

IS mm. 

10-15 min. 

40“ 20' 

:uj.5 

Clear 

20 

Hi mm. 

15-25 min. 

48“ 30' 


d 

24 

7 mm. 

S-10 min. 

64“ 10' 

?A.d 

d 

Anticoagiilant- 

—lithium citrate: 




Mg./g c.c. of 
blood 

M. 

hL 



Plasma 

4 

C 

- 

- 

- 

- 

8 

10 mm. 

15-20 min. 

50“ 30' 

S7.7 

Clear 

12 

18 mm. 

10-15 min. 

40“ 20' 

06.5 

Clear 

16 

17 mm. 

10-15 min. 

41“ 50' 

^4.7 

Clear 

20 

16 mm. 

10-15 min. 

43“ 50' 

:i4 

Clear 

24 

10 mm. 

10-15 min. 

55“ 30' 

0'> 

•ft 

d 

Anticoagulant 

— ammonium citrate: 




^Ig./5 c.c. of 
blood 

M. 



v% 

Pla.sma 

4 

C 

- 

- 

_ 

_ 

8 

23 mm.c 

15-20 min. 

33“ 30' 

41 

Clear 

12 

21 mm. 

15-20 min. 

.35“ 50' 

41.3 

Clear 

16 

22 mm. 

15-20 rain. 

34“ 40' 

41.8 

Clear 

20 

21 mm. 

10-15 min. 

35“ 50' 

42.3 

Clear 

24 

20 mm. 

10-15 min. 

37° 10' 

42.8 

Clear 

Anticoagulant — sodium fluoride ; 




Mg./5 c.c. of 
blood 

M, 



v% 

Plasma 

4 

C 

- 

_ 



8 

C 

- 

_ 



12 

10 

20 

3 mm. 

2 mm. 

1 mm. 

10-S5 iiiin. 
40"i5 min. 
10-00+ min. 

77“ 50' 

81“ 10' 

85“ 10' 

34.0 

0'> » 

'i'J 

uu 

Clear 

Clear 

Clear 
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Anticoagulant — ammonium and potassium oxalate mixture : 


AIg./5 c.c. of 
blood 

V, 


v% 

Plasma 

2 

C 

- 

- 

- 

4 

(Compared 

in later experiment) 

Clear 

8 

20 iniu. 20-25 min. 

:!7“ 10' 

37.7 

12 

19 Him. 10-15 min. 

3S° -10' 

3S.3 

Clear 

l(i 

19 mill. 15-20 min. 

:;8° 40' 

38 

Clear 

20 

IS mm. 15-20 min. 

40° 20' 

37.7 

Clear 

24 

17 Him. 10-15 min. 

41° 50' 

37.5 

d 

Anticoagulant- 

—heparin ; 




Uiiit.s/o c.c. 
of blood 

If, Im, 


v% 

Plasma 

5.5 

C 

- 


- 

11.0 

15 iiiiii.c 15-20 min. 

45° 

42 + 

Clear 

lCi.5 

19f 15-20 min. 

38° 40' 

42 + 

Clear 

22.0 

ISf 15-20 min. 

40° 20' 

42.7 

Clear 

27.5 

20 mm. 15-20 min. 

37° 10' 

42.7 

Clear 

55.0 

1C.5 mm. 10-15 rain. 

42° 50' 

42.7 

Clear 

Anticoagulant- 

—heparin. Repeated on same aliquots : 



Units/5 c.c. of blood if. 




5.0 

C 




11.0 

C 

_ 


- 

10.5 

19.5 mm.f 

15-20 min. 


3S° 

22.0 

20,5 mm. 

10-15 min. 


30° 40’ 

27.5 

19,5 mm. 

10-15 min. 


38° 

55.0 

16.5 nini. 

15-20 min. 


42° 50' 


From the foregoing data one can see tiiat, in general, sedimentation tends 
to decrease the more anticoagulant is used. Volume percentages tend to de- 
crease with potassium, sodium, and lithium oxalates and citrates as the amount 
of anticoagulant is increased. With ammonium oxalate and ammonium citrate 
the reverse is true. With heparin and the potassium and ammonium oxalate 
mixture volume percentages tend to remain fairly close. With the ammonium 
salts, the potassium and ammonium oxalate mbeture and heparin, sedimentation 
values tend to remain close over a wider range of concentrations than with the 
others. Since the volume percentages with ammonium oxalate and ammonium 
citrate vary considerably with concentration, they may be considered as less 
efficient than heparin and the potassium and ammonium oxalate mixture. 

Sodium fluoi'ide apparentlj’ cannot be used for equine blood. 

Although heparin has many good features as an anticoagulant, it also has 
some which are disappointing. In practice it is less dependable than the potas- 
sium and ammonium oxalate mixture, there apparently being a wide variation 
in the minimal quantitj’ necessary for anticoagulation. With some horse’s blood 
as low as 11 units per 5 e.c. is sufficient for apparent^ complete anticoagulation, 
whereas with the blood of others three or four times that amount sometimes is 
not. Kegardless of whether this is the result of poor solubility or not, or whether 
it is inherent in the action of the preparation itself or not, such variation seems 
to exist and naturallj" leads one to be a bit dubious of the results he obtains. The 
appearance of the plasma often is an aid in judging the degree of antieoagula- 
tion since in equine blood with heparin the degree of what is apparently lipemia 



xk:uoi-s: 
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is less than with the other aiitieoaijulants. Any clondine.s.s of the plasina, wiiere 
there are partieles of various sizes, or a ••flaky'’ ai)iJearanee,.i.s tiiougJit to siig- 
.rest ineoniplete antieoa^n.lation, especially since this phenomenon oeetirs only 
at concentrations nearest to elottini,'. 





FiB- 3. — Effects of varying quantities of ammonium oxalate upon sedimentation. 

In practice the ammonium and potassium oxalate mixture has been most 
satisfactory. 

As photographic examples of the effects of those anticoagulants which de- 
crease volume per cent as well as sedimentation consider the photographs in 
Fig. 2. 
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Anticoagulant — litliium citrate ; 


Ex. No. 

Mg./o c.c. blood 

em 

tcm 


g 

1 

S 

19 mm. 

10 min. 


48° 20' 

2 

13 

20 mni. 

S.;{ min. 


31° 10' 

8 

l(i 

IS mm. 

8.2 min. 


30° 

4 

20 

10 mm. 

7.3 min. 


47° 50' 

5 

24 

7 mm. 

7.2 min. 


02° 20' 

Ex. No. 

M, 




Plasma 

1 

13 mm. 

13-20 min. 

4S“ 20' 

.37.7 

Clear 

o 

20 mm. 

5-10 mill. 

37“ 20' 

30.5 

Clear 

3 

19 mm. 

5-10 min. 

,3S° 40' 

34.7 

Clear 

4 

12.3 mm. 

5-10 min. 

49° 40' 

34 

Clear 

5 

7 mm. 

3-10 min. 

04° 

33 

d 


As an examjile of those anticoagulants which increase volume percentage 
(Fig. 3) : 


Anticoagulant — ammonium oxalate : 


Ex. No. 

5Ig./5 c.e. blood 

em 



1 

4 

31 mm. 

9 

min. 

20° 20' 

2 

S 

29 mill. 

10.7 

min. 

16° SO' 

3 

12 

24 mm. 

8.3 

min. 

16° 20' 

4 

10 

29 min. 

9.3 

min. 

17° 10' 

5 

20 

33 mm. 

9.5 

min. 

18° 00' 

Ex. No. 




y% 

Plasma 

1 

34 mm. 

5-10 min. 

24° 00' 

28.7 

Clear 

2 

34.5 mm. 

10-15 min. 

23° 40' 

28.7 

Clear 

3 

37 mm. 

5-10 min. 

22° 10' 

29.3 

Clear 

4 

31 mm. 

5-10 min. 

20° 

30 + 

Clear 

5 

33 mm. 

5-10 min. 

24° 40' 

30.3 

Clear 

As an example of iieparin (Pig. 4) : 




Ex. No. 

Units/o c.c. blood 

em 


g 

1 

11 

17.5 mm. 

10.5 

min. 

32° 40' 

o 

10,5 

22.5 mm. 

9.2 

iniii. 

24° 30' 

O 

22 

25.0 mm. 

9.0 

min. 

23° 30' 

4 

27.5 

23.0 mill. 

s.s 

min. 

24° 10' 

5 

55 

22.0 mm. 

10.5 

min. 

23° 50' 

Ex. No. 

M, 


^ M. 

y% 

Plasma 

1 

20 mm. 

10-15 min. 

37° 20' 

42 + 

f 

2 

25 mm. 

5-10 min. 

31° 20' 

42 + 

Clear 

3 

27 mm. 

5-10 min. 

29° 20' 

42.7 

Clear 

4 

25 Him. 

5-10 min. 

31° 20' 

42.7 

Clear 

5 

23 min. 

5-10 min. 

33° 20' 

42.7 

Clear 


Fig. 5 represents peculiai' curves where evidence of incomplete antieoagula- 
tion exists. Needless to say, measurements would he deceiving. 

To continue, apparent minimal quantities of the various anticoagulants were 
compared on the same sample of blood -with results similar to the following: 
Sample No. I: 


Aliquot No. Anticoagulants 

1 Ammonium and potas- 

sium oxalate 

2 Potassium oxalate 

3 Ammonium oxalate 

4 Heparin 


Jlg./5 c.e. 
blood 





10 mg. 

IS mm. 

20-25 win. 

o 

0 

o 

40 

8 mg. 

19 mm. 

10-15 min. 

39° 50' 

35.7 

S mg. 

18, mm. 

15-20 min. 

40° 10' 

42.3 

la units 

21 mm. 

10-15 miu. 

36° 

38.7 


XICIIOUS: 
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Fig:. 4. — Effects of varying quantities of heparin upon sedimentation. 


Sample No. 2; 


Aliquot No. Anticoagulants 

Mg./5 e.e. 
blood 




1 Ammonium and potas- 

10 mg. 

15 mm. 

15-20 min. 

45° 

sium oxalate 





2 Lithium oxalate 

8 mg. 

15 mm. 

15-20 min. 

45° 

3 Lithium citrate 

12 mg. 

15 mm. 

15-20 min. 

45° 

4 Heparin 

15 units 

15 mm. 

20-25 min. 

45° 


v% 


42.5 


39 

39. 

42. 


CO 
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Sample No. 3: 


Aliquot No. 

AntieoagulanLs 

Afg./a e.c. 
blood 





1 

Ammonium and potas- 

10 mg. 

21 mm. 

15-20 min. 

30° 

38.5 


.«ium o.valate 






2 

Potassium o.xalate 

1() mg. 

23 mm. 

10-15 min. 

33° 40' 

35.3 

3 

Sodium fluoride 

12 mg. 

2 mm. 

10-15 min. 

82° 10' 

32.5 

4 

Heparin 

15 units 

24.5 mm. 

10-15 min. 

31° 50' 

38.5 

Sample No. -i: 






Aliquot No. 

Anticoagulant.s 

JIg./5 c.c. 
blood 




v% 

1 

Ammonium and potas- 

10 mg. 

19 mm. 

20-25 min. 

39° 50' 

43 


.sium o.xalate 






2 

Ammonium and pota.s- 

4 mg. 

20 mm. 

15-20 min. 

37° 10' 

42 


sium o.xalato 





3 

Sodium oxalate 

8 mg. 

19 mm. 

10-15 min. 

30° 20' 

44 

4 

Ammonium citrate 

12 mg. 

C 

- 


** 

Sample No. 5: 






Aliquot No, 

, Anticoagulants 

Aig./o c.c. 
blood 

N, 



v% 

1 

Ammonium and potas- 

10 mg. 

20.5 mm. 

15-20 min. 

36° 40' 

41.0 


sium o.xalate 






2 

Sodium citrate 

12 mg. 

C 

_ 

- 

- 

3 

Sodium citrate 

10 mg. 

20 mm. 

15-20 min. 

37° 10' 

43.3 

4 

Ammonium citrate 

15 mg. 

15.5 mm. 

15-20 min. 

44° 10' 

46- 

Sample No. 6: 






Aliquot No. Anticoagulants 

AIg./5 c.c. 
blood 




v% 

1 

Ammonium and potas- 

10 mg. 

17 mm. 

25-30 min. 

41° 40' 

45 + 


sium oxalate 






2 

Ammonium and potas- 

4 mg. 

17.5 mm. 

15-20 min. 

41° 

45 - 


sium oxalate 






o 

u 

Ammonium and potas- 

2 mg. 

C 

_ 

- 

- 


■sium oxalate 






4 

Sodium o.xalate 

S mg. 

18 mm. 

15-20 min. 

40° 10' 

41.5 


The amount of heparin used was found by previous trial to be sufficient 
for each particular experiment, at least as far as general appearanee was con- 
cerned. Wherever any signs of clotting were apparent, or even strongly sus- 
pected, the amount of the particular anticoagulant used ivas increased, and the 
experiment was repeated. In practice it was found that even with blood from 
one and the same animal variations in the minimal quantity of anticoagulant 
occurred from time to time — this being true in both pathologic and apparently 
normal samples, even though perhaps more true in the pathologic blood. Kealiz- 
ing, of course, that large errors do occur in attempting to measure as small 
quantities of anticoagulants as wei’e here used, and realizing that measuring 
exact small quantities of blood is also subject to large error, nevertheless in spite 
of these I feel that mmimal quantities vaxy in the same animal, normal or not. 
As an interesting adjunct to this problem various dilutions of these various 
anticoagulants were prepared and the resistance of red blood cells was tested 
in them. Eesults as listed are quite obvious (/t signifies complete hemolj'sis; 
p, partial hemolysis; s, suspicious; and o, no hemolysis). 
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Pot:ls^illm oxitUito (‘Jr) : 

0.2 

0.1 

0 . 1 ) 

O.S 

1.0 

1.2 

Soilium oxalutL* (''/c) • 

0.2 

0.4 

0.(1 

O.S 

1.0 

1.2 

Litliium o.xahite : 

0.2 

0.4 

0.0 

O.S 

1.0 

1.2 

Ammonium oxnlnte (%) : 
0.4 
0.0 
O.S 
1.0 
2.0 

Half saturated (about 4%) 

Saturated (about 8%) 

Pota.'-sium citrate (%): 

0.2 

0.4 

0.6 

O.S 

1.0 

1.2 

1.4 

Sodium citrate (%): 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

Idtliium citrate (%): 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

Sodium fluoride (%): 

0.2 

0.4 

0.6 

0.8 

1.0 

Ammonium citrate (%): 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
.1.0 
10.0 


Iinmcdiatclv 

li 

I> 

li 

I' 

<) 

i> 

l> 

li 

.s 

o 

o 

o 

h 

h 

o 

u 

o 

o 

It 

h 

It 

h 

li 

P 

s 

U 

h 

h. 

h 

s 

o 

o 

h 

li 

h 

li 

P 

o 

o 

h 

Ii 

h 

li 

s 

o 

h 

s 

o 

o 

o 


Immediately 1 hour 

b h 

P p 

3 3 

O S 

O O 

O O 

o o 

O o 

" 0 

O o 


1 liour 
Ii 
b 
b 
P 

O 

o 

Ii 

li 

P 

o 

o 

o 

b 

h 

o 

o 

o 

0 

h 

h 

h 

h 

h 

b 

h 

h 

h 

h 

Ii 

P 

0 

o 

Ii 

h 

h 

h 

k 

P 

o 

h 

h 

h 

h 

h 

o 

h 

P 

o 

o 

o 

IV 2 bours 
Ii 
P 
P 
P 
P 
P 
o 
o 
o 
o 
o 
o 
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Four parts of ammonium oxalate and 

Solution (%) : 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 


6 parts of potassium oxalate: 


Immediately 1 hour 

li h 

h h 

s Ii 

s li 

S ll 

s . p 

o p 

O 0 

o o 

O 0 


Equal parts of ammonium and 

Solution (%) •■ 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 


potassium oxalate : 

Immediately 

h 

P 

o 

o 

o 

o 

o 

0 

0 

o 


1 hour 
h 
P 
P 
s 
s 
o 
o 
0 
o 
0 


Six parts of ammonium oxalate and 4 

Solution (%): 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1,6 

1.8 

2.0 


parts of potassium oxalate: 


Immediately 

h 

h 

s 

s 

3 

o 

o 

o 

o 

o 


1 hour 
h 
h 
h 
P 
P 
P 
o 
o 
o 
o 


Consideration of the foregoing data is interesting in that the point of 
beginning hemolysis in all salts except one was in solutions of less than 2 per 
cent. In the oxalates, with the exception of ammonium oxalate, and in sodium 
fluoride beginning hemolysis was in solutions of less than 1 per cent, while in the 
citrates, including ammonium citrate, it began in solutions between 1 and 2 
per cent. All dilutions of ammonium oxalate hemolyzed the red blood cells, al- 
though a saturated solution (approximately 8 per cent) offered some protection 
for a fraction of an hour. 

Would it be incorrect to say that oxalates except ammonium oxalate offer 
greater protection against cell damage than the citrates ? 

The reaction of ammonium oxalate is indeed an interesting one, since in all 
dilutions up to saturation hemolysis occurs when 1 drop of fresh blood is added 
to 2 c.c. of the solution. No doubt, when used alone as an anticoagulant, the 
quantity necessaiy (about 8 to 12 mg.) for anticoagulation is so small in pro- 
portion to the amount of blood used (5 c.c.) that clinically at least e^ddence 
of hemolysis is not observed. The quantity necessary for the ammonium and 
potassium oxalate mixture is even less (6 mg.). Another factor must be consid- 
ered, namely, the possibility that potassium oxalate may somewhat protect the 
red blood cells against the hemolyzing effects of anunonium oxalate. Concerning 
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the pvojwvtioii ot ihesu Uvo salts it may be said llial a slight cxeess oi am- 
monium oxalate (which according to previous ohsorvations swells the cells, as 
evidenced by volume percentages greater than thase ol' heparinized samples) 
seems necc.ssary to overcome the shrinkage effect of ijotassinm oxalate, such 
shrinkage being evidenced by volume peveeutages less than (hose of heparini‘/.ed 
samples. 


FiS. 5.— Sedimentation curi'es o£ samples wim incomplete anticoagalation. 

A proportion of 6 parts of ammonium to i parts of potassium ox'alate seems 
to produce volume percentages closer to those of heparinhed samples than other 
proportions or even other single salts. ^ 

In practice, between d and 12 mg. of the mixture of ammonium and notas 
snun oxalate per a e.e. of blood have been general] 3 ' considered safe ^ -it 

orcTt^Cn rerd"rn\T«S2;? 
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occurred in any. normal sample, and in the few pathologic samples where it has 
occurred, it has also occurred with heparin, and volume percentages of replicate 
samples as well as curves of sedimentation have been very close. 

The fourth and last publication of tliis series will include a discussion of the 
effects of variations in venous stasis, delay, temperature of sample, containers, 
agitation, and quantity of formed elements upon the measurement of sedimenta- 
tion. 
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A ShlAKING ilACHIN'E AND CONTAINERS FOR SHAKING SPDTUMS 
AND OTHER BODY FLFIDS DURING THE PROCESS 
OP HOMOGENIZATION^ 


W. Steenken, Jr., and JI. I\[. Smith 
Trudeau, N. Y. 


L ittle question can be raised that marked agitation of tuberculous sputum 
J during homogenization brealts up tenacious matter and small caseous or 
pussy particles, and increases the distribution of the tubercle bacilli in the speci- 
men, thereb}r making possible a more accurate count of bacilli by microscopic 
examination of the smear. 

There are many types of agitating and shaking machines from which to 
choose, but from the standpoint of performance and durability, the Red Devil, t 
or a similar type, is the most satisfactory. The model described in this article 
will shake a can of paint of any size up to a gallon, and the rate of agitation 
is 760 three-dimensional shakes per minute. 

For our woi’k a special container had to be designed for holding more than 
one specimen bottle in place during agitation. Also, it had to be so constructed 
that the battles or cans could be placed inside the container in a waj" that would 
allow for differences in height, size, and shape, and would keep stoppers or lids 
firmly in place during the shaking operation. 


DESCRIPTION OP CONTAINER 


Fig. 1 shows a vertical section taken on the center line through the large 
group container, and shows vertical sections through two of the individual 
containers. 

Fig. 2 is a plan view looking down on the group container with the top sec- 
tion (1) removed, and shows the ai’rangement of the individual containers within 
the group container. 


•Fioni the Research and Clinical Laboratory, Trudeau Sanatorium, Trudeau. 
tMade by London P. Smith. Irvington N. J. 

Received for publication, April la, 194-. 
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Fi'„'. 3 .shows a vi-rtii-al soi-tion taken on the eenter line througii an indi- 
viilual eontaiaei-. 

Ki". 4: is a plan view lookini' down witli the to]) .seetion (•/) removed, and 
shows the siieeimeti eontainer in i)laee. 



Plat<i 1. 


The group eontainer eon.si.sls of two sectiomi, 
tlie bottom .section (5). It is designed to hold a 


the top seetion (i) fitting over 
given number of smaller indi- 
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vidual container-s. Tlie size of tlic ^ronp eoiitainer is clelerDiinecl by the size 
and number of individual eontainers to be aeeonunodated. 

A cushion of soft niliher, or some other resilient material (3), is placed 
inside eacli section, as shown, to allow for variation in height of individual con- 
tainers and to in-event movement of such containers during the shaking op- 
eration. 

The individual container consists of two .sections, the top section (d) fitting 
partly, or completely over the bottom .section (a), and it is designed to hold a 
specimen container (7). A rubher .si)ongc cushion (O’) is placed in each section, 
as shown, to compensate for the variation in iieight of stopper (8), and to provide 
for resiliency during the shaking proce.s.s. 

Plate II shows the following; 

1, A ero-ss section of an individual container. 

.2, A cro.ss section of an individual container with bottle in place. 

3, A cross section of an individual container with bottle in place under 
pressure. Note rubher compre.s.sion. 

•i, A group container. 

5, A gi’oup container with lid removed. Note also the upper layer of indi- 
vidual eontainers. 

0, Shows how the individual containers stack in the group container. Also, 
a cross section of an individual container with bottle in place. 

7, The shaking machine mounted on a concrete base which, in turn, is 
mounted on four rubber sponge cushions. 

8, Shaking machine with group container, with individual container inside 
fastened in clamp and ready for shaking. 

Our experience has proved that the use of this shaking machine with its 
specially designed containers, results in a better homogenization of sputrrm. 
The concentration of sodium hydroxide can be reduced. Those specimens that 
usually require 4 per cent routinely, can be digested with 3 per cent, and with 
as little as 2 per cent, depending upon the appearance of the sputum, thus de- 
creasing the loss of acid fastness, and le.ssening the chance of killing the tubercle 
bacilli by the digesting mixture. 

The marked agitation and speed of the shaking process make possible a 
more even distribution of the tubercle bacilli, and this enables us to obtain 
an accurate count of bacilli in concentrated smear, especially in the Gaffky I 
and the so-called negative specimens. By this method of shaking we have raised 
our positive findings 11.0 per cent, particularly in the low Gaffky counts (I II 
and III). ’ ’ 



A SiaiPLE SURGICAL TECHNIQUE FOR DEVIATING THE ENTIRE 
URINE INTO THE BLOOD STREAM^ 


Haxs SEfA’K, i\I.D., Ph.D., D.Sc., JIoxTKiar., Caxaua 


I N CONNECTION with many in-oi)Icms of renal physiology it is of great im- 
portance to establish wlietlier a change elieilcd by damage to renal tissue is 
caused by interference with the excretory functions of the kidney or whether 
it is due to a derangement of its endocrine and metabolic activities. In such in- 
stances the teehniciue usually employed is to compare the results of complete 
nephrectomy with those caused by ligature of both ureters. It is then assumed 
that while nephrectomy eliminates all functions of the kidney, ligature of the 
ureters abolishes onl,v renal excretion. It has often been emphasized, liowever, 
that after ligature of the ureters .some urine is still produced so that hydro- 
nephrosis results. Hence tliis techni<jue does not eliminate excretion completely. 
Furthermore, the often veiy high pressure whicli develops in tlie renal pelvis is 
transmitted. to the kidney cells and damages them severely, so that not only the 
excretory, but also all the renal functions must suffer to some extent. It should 
also be borne in mind that a kidney, whose excretory function is gradually abol- 
ished by back pressure, is not normal, and that inliibition of excretory work 
may in itself interfere with other activities of the kidney cells. 

The object of this study is to describe an experimental teehniciue which 
makes it possible to eliminate the result of renal excretion completely, without 
actually interfering with the process of urine production or with any other 
kidney function. The fundamental principle of this method is to prevent urine 
elimination by ligature of the urethra, and then to establish a communication 
between the bladder and the vena cava. Tims the urine Avhich continues to be 
formed and accumulates in the bladder is led back into the blood. The tech- 
nique is readily adaptable to most laboratory animals, but up to the present it 
has mainly been used for experiments on the rat. 

The proeedui'e is as follows The rat is anesthetized with ether and tied on 
its back to an operating board. An incision is made through the skin and muscle 
layers in tlie midline from the pubic region to tlie umbilicus. The intestines are 
pushed eraniad and the rectum is pushed to the left by means of cotton pads 
whicli can be held in position bj" a retractor whose otlier end is hooked onto 
some heavy object on the table. This arrangement makes it possible to obtain 
perfect exposure of the vena eava between the pelvis and the kidney I'egion with- 
out the help of an assistant. Now the iieritoneal covering of the posterior ab- 
dominal wall is severed by mere traction between two fingers, and the vena eava 

•From the Department of Anatomy, McGill University, Montreal. 
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is <nm ils il» I. fnnsU,,,., .nl» ll.o l>v„ 

ili» veins';, ml tl.n .-isl.t ir,»l.;inl>a'' vein. ^vilii 

,i„ nsin, ,w.. vurvc.1 vnvi. ..l' vvl.ivl, In, 1.1s a small ™ " 

the hell, of these innls it Is easy t., c-ush ami sever ll.e niiinerons I t e em Us 
le nter ,l.e eava froa, the „s.,as n,ai«r a„.l the ventral sn. -.ace a. the un 1-ar 
verteln-ae. So.ae of these latter ven.tles are very larye. yet ' ‘' “'.'"J 

without limtture it they are fiml erttshetl with the pads, U they tend to I ke 
the hemorrhage is readily sKipited by l>re.ssiiig a mm, tie piece ot eolto , on u 
tnttil clotting oeettrs. sVfter this the vena cava ,s . a 

Irgatttre placed above the .innclion o( the iliac yc„,s. Another ''S' “ » “ ‘‘'f 
looselv around the cava just underneath the tboluntbar 

cuphasiaed hero that in the rat ligature ot the vena cava caudad tiom the tonal 
reims produces no .syniptoms as there is an adcinale collateral crculation. 



Tri„ 1 TTirnt stasre ot the operation. The bladder is e.xposed and the blunt end of the 

curved cannula is tied into its cranial end with the ligature shown by arrow A. This ligature 
fits into one CToove of the cannula, while the other groove is visible between the pointed end 
and ?he anltomicaf forceps which holds the cannula. Arrow JB points to the ligature occluding 
the urethra. A curv'ed forceps holds this ligature. 


Now the urinary bladder is pulled forward and a ligature is tied arotuid 
the urethra just caudad from the point where the ureter.s enter the bladder. In 
order to maintain a good blood supply to the bladder it is well to avoid any in- 
terference with the large veins which aceompam’ the uretei's. After loss of urine 
has thus been prevented by occluding the urethra, a small incision is made on 
the apex of the bladder, and the blunt end of a steel cannula is introduced into 
the lumen. This cannula may be fastened in this position by a single ligature, 
as shown in Fig. 1, 

The cannula, whieli will connect the bladder witli the vena cava, is made 
from gauge 16 or gauge 13 injection needles by cutting off about 1 to iV inches 
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near the pointed end, making one circular groove near the blunt and one near 
the pointed end to hold ligatures in place. It is well to bend the cannula sliglitly, 
as shown in Pigs. 1 and 2, so as to adapt them better to the anatomy of the 
pelvie region. In order to prevent clotting it is advisable always to use the 
widest gauge that can be introduced into the vena cava. If this precaution is 
observed, and the inner surface of the needle is heparinized, thrombi do not 
form, and the passage of urine into the vein proceeds readily throughout the 
experiment. Reflux of blood from the vein into the bladder is rarely seen, since 
the pressure is usually greater in the bladder than it is in the vein. Both in 
order to avoid reflux and as a precaution against a delay in the re-entranee of 
urine into the blood, most of the bladder Avail should be tied off Avith the ligature 
which fastens the cannula into the bladder. Only a small stump Avith the 
ureteral orifices needs to be left intact. 



Fig. 2. — Dissection of tlie lower abdomen showing tlie position of the cannula after com- 
pletion of the second stage of the operation. Arrow A designates the ligature which ties the 
vena cava to tlie pointed end of the cannula which is now inserted into the iumen of the vein. 
Arrow JB points to the ligature fastening the blunt end of the cannula into the cranial end of 
the bladder. Arrow C points to the ligature occluding the urethra. Arrow D indicates the 
ligature occluding the vena cava above its bifurcation into the iliac veins. 


The bladder is now Avashed Avith heparin AAdiieh is introduced into it from a 
syringe aimied with a fine injection needle that can readily be introduced into 
the free, pointed end of the cannula. It is important to aspirate into this syringe 
any air bubbles that may have entered into the bladder or the cannula in order 
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to prevent air emboli.sins. It is well to wipe oft" any exeess liepariu tliat may 
ooze out through the euuuuUi, siiiee a tew ilvops o£ it suffice to prevent clotting, 
and au excess may load to diftuse bleeding. Now t’oliow.s the most dangerous 
part oi the operation: The introdnotion ot the ])oiutcd end ot the cannula into 
the vena cava eraniad from the place where the ves.sol was occluded and eaudad 
from the loo.sely laid ligature uudevueath the iliolumbar vein. This i.s ac- 
compli.sbed by firmly grasping the middle of the euunula with one forceps, and 
the vena cava with another, and then carefully pushing the point into tiic vc-ssel 
until the circular groove undcrncatli the pointed end is at the level of the loosely 
laid ligature. At this momcirt a few drops of blood usually escape from the vein, 
but bleeding is stopped immediately by pulling the ends of the loose ligature and 
thus fastening the wall of the cava to the cannula. A .second knot fixes thi.s 
ligature and thus a iieriuanent anastomosis between urinary bladder and vena 
cava has been e.stabli.shcd. After removing the retractor and the cotton pads, 
which kept the intestines out of the way, the muscle avvd skin wounds are closed 
and the operation i.s finished. The intervention takes approximately fifteen min- 
ute.s, and in the last scries of fifty operations on vats, ranging between 105 and 
275 Gm. of body weight, there was not a single ease of death during the opera- 
tion. Female animals arc preferable because the uterus does not interfere with 
the cannula as much as the prostate and seminal vesicles, yet both sexe.s can 
be used. 

xVfter the animals recover from the anesthesia, they appear to be perfectb' 
normal and readily take nourishment, showing no detectable signs of damage. 
Approximately twenty-four hours are requh-ed before the animals begin to show 
some tremor chavacteristie of uremia. The average survival time is thirty to 
forty-five hours. 


Complete nephrectomy or ligatui-e of the ureter is generally tolerated for 
a slightly longer time than the urinary-venous anastomo.sis. It is remarkable, 
however, that the continuous influx of urine into the blood is not accompanied 
by more rapidly developing signs of intoxication. It will be recalled that 
numerous investigators found nrine to he rich in highly toxic .substances, and 
workers who made a unilateral anastomosis between a ureter and a vein in the 
dog'-^ concluded that introduction of the urine produced by one kidney suf- 
fices to elicit a rapidly developing fatal intoxication even if urine elimination 
through the other kidney proceeds normally. On the other hand, Geer and 
Dragstedt,^' « who used a similar surgical procedure, observed no toxic .sj-mptom.s 
and no rise in blood nonprotein nitrogen after unilateral anastomosis of a ureter 
and a vein in the dog. In certain cases their animals survived several weeks and 
tvere still in good condition at the time they were sacrificed. Prom this it would 
appear that urine m itself is not a highly toxic product. 


The only investigator who attempted to connect both ureters with veins 

was de Almeida- « who, like all previous investigators, rxsed the do^ as an ex 

penmental animal. He employed a rather complicated method which involved 

the insertion oflong tubes into the ureters, the tubes being led out of the nerito 

neal cavity and then introduced into the femoral vein ^ 

.V.. of ! ”7 

cases, lea to the usual symptoms of 
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uremia and was fatal in a shorter period tiian complete nephrectomy. Tiiese ex- 
periments were also performed merely with the intent to study the toxicity of 
urine and, to our knowledge, the technique was never employed as a method for 
the selective differentiation between the excretoiy functions of the kidney on 
the one hand, and its endocrine and metabolic activities on the other hand. 

The most striking pathologic changes, which we noted in our rats bearing 
a urinary-venous anastomosis, were a pronounced enlargement of the adrenal 
cortex, occasional lung edema, and a rise in the blood nonprotein nitrogen which 
was usually more pronounced than at a comparable period after complete 
nephrectomy. The marked decrease in blood hemoglobin, seen in the anastomosis- 
bearing animals, indicated, furthermore, that, owing to the continuous reflux 
of urine, blood dilution is more pronounced than after nephrectomy. 

It is hoped that the use of this simple experimental technique, applicable 
even to small laboratory rodents, will prove useful in the study of the purelj" 
endocrine and metabolic functions of the kidney. 

SUMMARY 

A technique is described which permits the deviation of the entire urine 
into the inferior vena cava after ligature of the urethra by means of a cannula 
that connects the bladder with the vein. This technique permits the study of the 
endocrine and metabolic activities of renal tissue apart from its excretory 
function. 

The expon-ses of this investigation were defrayed tlirough a fund donated by the Des- 
Bergers-Bisniol Co., Montreal, Canada. 
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THE USE OE A DETERCENT IN SOLUBILITY TESTS FOR THE 
IDENTIFICATION OF PNEUJIOCOCCF 


Albkrt H. Harris, H.D., axd OEORor: Y. ilcCLURi:, jM.D. 
Ai.uaxy, N. Y. 


T heoretical consklcnilions su^scstccl that synthetic surface-active agents 
might affect pneumococci in a manner similar to tliat of bile and its .salts. 
It is well known that lysis of pneumoeocei is activated by any process that de- 
stroys viability without impairing autolytie enzyme-activity, while it is inhibited 
by conditions unfavorable to such activity.'"^ Agents that will induce the dis- 
solution of pneumococci are legion. The principal ones, as listed by White, ■* 
are bile acids and salts, dilute sodium hydroxide, unsaturated fatty acids, soaps, 
and saponin. The most satisfactory among these is the bile salt, sodium desoxy- 
cholate, which brings about the dissolution of pneumococci at room temperature 
in a very few minutes. 

Most of the agents mentioned depress the surface tension of the solution in 
which they are dissolved. The recently developed surface-active agents, some 
of which are long-chain .alcohol sulfates, are strong surface-tension depressants. 
Cowles® showed that “duponols,” in a concentration of only 0.03 per cent, pre- 
vent the growth of gram-positive bacteria. One such compound, duponol WA 
(flakes),! was employed by us in solubilitj' tests. 


EXPERDIENTAL WORK 


A 0.2 per cent solution of duponol in distilled water was found to have 
exactly the same activity as a 1 per cent solution of sodium desoxyeholate. When 
higher and lower concentrations were employed, the clearing of the solution was 
slower. A 0.2 per cent solution is opalescent, but when it is added to broth cul- 
tures, this property disappears. Stei'ilization before use is unnecessary. The 
solution has not been found to deteriorate, even if stored for several months 
The microorganisms were cultivated in an infusion broth that contained 2 per 
cent peptone, but no serv;m, and only 0.02 per cent added dextrose. The addition 
of dextrose to the medium may be omitted. The dissolution of pneumococci in 
cighteen-hour-broth cultures was observed grossly and also by examination of 
films stained by Gram’s method and prepared immediately after the addition of 
0.1 ml. of duponol or sodium de.so.xyeholate to 0.6 ml. of culture. Films were 
also prepared at the end of five minutes and of one hour. 


•From the Division of Laboratories and Research. Kew York r.„ 

.Vlbany. torK state Department of Health, 
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Twelve strains of pneumococci, comprising seven different types, dissolved 
completely in less tlian five minutes at room temperature under the influence 
of either duponol or sodium desoxjmliolate. All were insoluble when previously 
heated to 75° C. for twenty minutes. One ty^pe-specific type 14 strain and two 
degraded strains that had lost type specificity dissolved incompletely in both 
reagents, while tivo other strains, supposedly representing completely degraded 
pneumococci, appeared to be insoluble in both. Eleven strains of streptococci 
producing greenish discoloration of blood agar, and one strain each of hemolytic 
streptococcus, nonhemolytic streptococcus, and Fricdlander’s bacillus wei-e in- 
soluble in both reagents. 

The pH of an eighteen-hour broth culture of pneumococcus is about 7.0 or 
7.2. It is not influenced apiireciably by adding the bile salt. It is lowered 
slightly^ when duponol is added, but remains well within the range of optimal 
enzyrmatic activity. The surface tension of the broth used was found to be 47.1 
dynes per centimeter. The addition of sodium desoxymholate lowers the tension 
to approximately 44 ; and of duponol, to approximately 36. 

Duponol ^Yas used in parallel tests with sodium deso.xy'cholate during a four- 
month period in the routine examination of specimens received for pneumococcus 
typing. Its activity was found to compare very favorably with that of the bile 
salt. Broth cultures of fishings of colonies surrounded by" a zone of greenish 
discoloration were tested; eighty-five individual strains ivere soluble in both 
reagents, tw’o were partially" soluble in both, and 78 were insoluble in both. In 
no instance was a discrepancy observed. 

The low cost of duponol WA (flakes) compared with that of sodium desoxy- 
cholate is its principal advantage. The method has now been adopted as an 
alternative standard procedure in solubility" tests for pneumococci in this lab- 
oratory. 

SUJDIARY 

A detergent, duponol WA (flakes), in 0.2 per cent aqueous solution, has 
been found to have the same activity as 1.0 per cent sodium desoxymholate in 
solubility" tests for differentiating pneumococci from other microorganisms pro- 
ducing greenish discoloration on blood agar. It has the advantage of being 
veiy inexpensive. 
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THE NOEMAL VALUE FOR THE HIPPURIC ACID LIVER 

function test* 


Opal E. Hlplkk, Ph.D., M.D.. akd Helen* Guuley, M.S. 
Chicago, III. 


PjOICIO described 

^ stated .bat undee tbe cottdtrions o „£ 

acid as hippvu-ic acid is 3 to 3.o & . excreted benzoic acid as 

r;r KS.r.y:r= j™. ; j » » 

excessive excretion, i.e., over 120 per cent, might be abnormal. 

-'lt.ee tee 

feS "'"Svefal^ratients ivho had preidonsly been te.sted by the old method gave 
cent, be^elal p method. In some cases the variation 

bereeTthe two methods amounted to 20 per cent. Theoretically, the difference 
blel the additive eoneetivc factors (0.33 Gra. m tbe old me bod and 0.1 Gm. 
ta .be aetv), used foe the amount of hippuric acid remamms m solution m tbe 
urine sbould make tbe results bv the two metbods essentiaUy identical. Since 
this lias not found to be the ease, it .seemed desirable to mvcstigate the normal 
escretion of Mppuric acid and the factor, that may influence It. 

pkocedure 


Hippuvic acid tests were run on 30 men and 25 women, all presumably 
normal and between the ages of 20 and 30 years, the maiority being between 
20 and’ 25 years of age. The subjects Avere either students or laboratory teeh- 
nieians."^ Six grams of sodium benzoate were dissolved in 30 c.c. of water and 
taken after breakfast. This Avas folloAved by one-half glass of Avater. The 
bladder Avas emptied immediately before the test, and hourly urine specimens 
Avere collected for four hours. Each specimen Avas measured and, if over 100 
C.C., it Avas acidified Avith a fcAV drops of acetic acid and concentrated over a 
Avater bath to about 50 c.c. The four specimens Avere pooled, as recommended 

•From the Department of Pathology. Xorthwestem University lledical School and the 
Clinical Laboratory. Passavant Memorial Hospital. Chicago. 
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by Snell and Plunkettd The pooled specimen was measured and divided in 
equal parts. To one portion 5 Om. of solid ammonium sulfate were added for 
each 10 c.e. of urine. When the salt ivas dissolved, the urine was filtered and 
then acidified with eoneentrated hydrochloric acid until the urine was dis- 
tinctly red to Congo red paper. After vigorous stirring, the .specimen was 
allowed to stand for thirty minutes in the icebox before separating the crystal- 
line hipijuric acid by filtration through a Buchner filter. The crystals were 
washed witli ice cold water, then dissolved in hot water. The amount of hip- 
purie acid was determined by titrating with 0.2 N, sodium hydroxide, using 
phenolphthalein as an indicatoi’. One cubic centimeter of 0.2 N. sodium h}"- 
droxide equals 0.0358 f!m. of hippurie acid. This method cheeked very well 
with the gravimetric method. We had adopted the titration method, since 
most clinicians in hospitals like their reports the same day the test is per- 
formed ; and with the gravimetric method it was nece.ssary to let the hippurie 
acid di’y overnight in order to obtain uniform results. The aliquot portion 
was treated in a similar manner except that no ammonium sulfate was added. 
The calculation for the two methods is identical except for the addition of the 
amount of hippurie acid remaining in .solution in the urine. With the method 
using ammonium sulfate, 0.1 ffm. of hippurie acid is added for each 100 c.e. 
of urine, and 0.33 Dm. per 100 c.e. is added in the method not using ammonium 
sulfate. These are the amounts a.s.sumed by Quick to i-emain in solution. The 
amount of hippurie acid was multiplied by 0.68 to change it to benzoic acid. 

DISCU.SSION 

Not all the hippurie acid excreted in llie urine is precipitated by the 
methods used. Quick, therefore, corrected his results by adding 0.33 Gm. per 
100 c.e. of urine to the value found without the addition of ammonium sulfate, 
and 0.1 Gm. to the value obtained when the sulfate was added. The results 
with each method are stated as a percentage, obtained by dividing the “cor- 
rected” amount of benzoic acid excreted as hippurie acid by the arbiti'arily 
chosen normal exci’etion of 3 Gm., and multiplying by 100. 

The estimated amount of benzoic acid excreted as hippurie acid in the 
group of women ranged from 75 to 149 per cent with the old method, that is, 
the method not using ammonium sulfate. In the group of men the amount 
ranged from 110 to 156 per cent. AVith the new method, using ammonium 
sulfate, the range of the estimated amount for women was 95 to 155 per cent 
and, for men, 114 to 166 per cent. The difference between the two methods 
for each person varied greatly. The greatest increase of the ammonium sul- 
fate method over the old method was 33 per cent. In four eases results by the 
old method were greater than those obtained by the use of ammonium sulfate. 
However, the uncorrected value in each ease was greater by the latter method, 
the difference being due to the larger quantity (0.33 Gm.) added to “correct” 
the value by the method not using ammonium sulfate. The variation in the 
two methods can be explained on the basis of the variability in the precipita- 
tion of the hippurie acid in the urines without the addition of ammonium 
sulfate. The addition of ammonium sulfate to the urine gives a more con- 
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sisteiit and accurate estimation of the hippurie acid. Weieliselbaiim and Prob- 
steiiP demonstrated that, with Quick’s original method, the amount of hippurie 
acid that remained in solution was greater than 0.33 Gm. per 100 c.e. and 
showed a large range of vailability with dift'erent urine specimens. Tiiey sug- 
gested using sodium chloride to decrease the solubility of hippurie acid. How- 
ever, Marron® found that ammonium sulfate was the best salt to use for reduc- 
ing the solubility of hippui-ie acid. 

The statistical analysis of the data obtained in these tests is shown in Table 
I. From this table it is seen that the mean body weight, the mean surface area, 
and the mean per cent excretion is much greater in men than in women. The 
coefficients of correlation between body weight and per cent excretion (-fO.873) 
and between surface area and per cent excretion (+0.834) in the women of this 
group was much higher than in the men (+0.545 and +0.429, respectively). 
The coefficient of correlation between body weight and per cent excretion in 
the men, in the women, and in the combined group was higher than that be- 
tween surface area and per cent excretion in the same groups. 


Table I 

Statistical Analysis op Data 



MEN’ 

WOMEN’ 

MEN’ AND 
WOilEN 

Body weight and per cent excretion* 

Body weight 

Mean 

172.60 ±2.57 

125.80 ±2.12 

152.60 +2.71 

Standard deviation 

Per cent excretion 

21.00 ±1.84 

16.48 ±1.57 

29.74 +1.91 

Mean 

140.86 ±1.60 

124.60 ±2.04 

137.60 ±1.47 

Standard deviation 

12.44 ±1.08 

15.86 +1.51 

16.10 ±1.09 

Correlation coefficient 

+.545 ± 0.095 

+.873 + 0.032 

+.677 ± 0.049 

Surface area and per cent excretion* 

Surface area 

Mean 

1.99 ±0.02 

1,62 ±0.016 

1.892 + 0.022 

Standard deviation 

0.147 ±0.02 

0.12 ±0.011 

0.229 ± 0.015 

Per cent excretion 

Mean 

140.86 ±1.60 

124.80 +2.12 

137.60 +1.47 

Standard deviation 

12.44 ±1.08 

16.48 +1.57 

16.10 +1.09 

Correlation coefficient 

+.429 ±0.110 

+.834 ± 0.041 

+.613 ± 0.058 


•Per cent excretion - ex cr eted as benzoic acid 

3 Gm. ^ 

The relation of excretion to body weight is also shown in Fig. 1. These 
curves ivere made from weighted averages for each 10 poiuids of weight for 
the men and women separately. - None of these persons were obese. The varia- 
tions in weight were due to differences in general build, muscular development, 
and stature. In such a group the size of the organs may be assumed to vary 
directly with the size of the body as a whole. A person with a large tvell- 
developed body will haA'e a larger liver. This being true, it may be assumed 
that the liver forms hippurie acid from benzoic acid in proportion to its size. 
It is not surprising, therefore, to find that the xier cent of benzoic acid excreted 
as hippurie acid is greater in larger built persons than in smaller built ones. 
For this reason, the normal standard for such excretion should not be fixed 
ivithin even fairly ivide limits but should be related to the body iveight of the 
patient. 
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It is iiiterestiiifj to note tliat the eoeflicicnt ol eovrelutiou between per cent 
of excretion and both the body weijtht arid the surface area was much higher 
in the women of this group than in the men. 'I'his is also shown in l'’igs. 1 
and 2. The curve for tlic women is much steeper and straighter in each ease 
than that for the men. This may be dvie in part to wider range of w'cights 
of the men (135 to 220, or 85 pounds) as compared with the range in the women 
(103 to IGT, or 04 pounds). However, wliile the actual surface areas of the 
men were, in general, greater than in women, the spread between the extremes 
in each sex was almost identical — for women, 1.43 to 1.S7, or 0.44 sq.m.; for 
men, 1.78 to 2.26, or 0.48 sq. m. 

We do not agree with Rosculicrg and Soskin' that a liypersecretion of hip- 
puric acid is pathologic, at least in all cases. We believe that the weight of 
the patient must be taken into consideration. Although Quick* definitely stated 
in one of his early articles that the quantitative results indicated that the ex- 
cretion of hippurie acid depended on the size of the person, that i.s, on the 
surface area, this has not been emphasized in the routine use of the test. Con- 
sequently high values have been misinterpreted. 

CONCLUSIONS 

1. The addition of ammonium sulfate to the urine to decrease the solubility 
of hippurie acid makes the hippurie acid liver function test more accurate and 
consistent in results. 

2. The lower limit of normal when ammonium sulfate is used in the test 
•should be 90 per cent. 

3. There should be no upper limit for normal because there is a correla- 
tion between body weight and the benzoic acid excreted as hippurie acid. 


REFERENCE.S 


1. Quick, A. J.; The Synthesis of Hippurie Acid; A Xew Test of Liver Function J 

H. Sc. 185: fiSO, 1933. ' ' 

2. Quick, A. J.; Clinical Value of the Test for Hippurie Acid in Cases of Diseases of the 

^ Liver, Arch. Int. Aled. 57; 544, 1936. 

3. Quick, A. J.; The Clinical Application of the Hippurie Acid and the Prothrombin Test.,- 

Am. .T. Clin. Path. 10; 222, 1940. 

1. .Snell, A. H., and Plunkett, J, E,: The Hippurie Acid Test for Hepatic Function- Its 
Belation to Other Tests in General, Am. J. Digest. Dis. & Xutrition u. 7^0 1935 
•5. Weichselbaum, T. E., and Probstein, .J. G.; Determination of Hippurie Acid in nr';n.r t' 
Lab. & Clik. Med. 24; 636, 1939. 

6. Marron, T. U.: Effect of Added Salts on Recovering of Hippurie Acid From TTrino T 
L.\b. & Cus. Med. 27; 108, 1941- ^ rrom urine, J. 




DETERMINATION OP ALUJIINUM IN BIOLOGICAL MATERIAL 
WITH THE EVELYN PHOTOELECTRIC COLORIMETER* 


Jacqueline S. Front, M.A., and Joseeii B. Kiksxek, M.D. 
Chicago, III. 


A lthough numerous quantitative te.sts for aluminum have been de.scribed 
^ in the literature, no method has proved entirely satisfactory. A major 
technical problem has been the development of a stable, colored lake free of 
interfering substances and suitable for colorimetric analysis. In the course 
of a study on the effect of aluminum liydroxide and aluminum phosphate on 
mineral excretion in man, an improved colorimetric technique for the determi- 
nation of aluminum was developed which overcomes this difficulty and per- 
mits? the rapid and accurate quantitative measurement of aluminum in biologi- 
cal material. 

PRINCIPLE OF procedure 

The material to be tested for aluminum is put into solution and brought 
to a pH of 4.9. Aurintricarboxylic acid is added, and the mixture is heated to 
from 70 ° to 78° C. until a red color develop.s, the intensity of -which is measured 
in a colorimeter. 

A1 + aurin — > red color 
H^O -f- aurin — » yellow color 


Rapid and reproducible reading of samples for their aluminum content is 
further facilitated by a chart which converts the values obtained from the 
colorimeter into milligrams of aluminum. This chart may be prepared by 
plotting the readings of light intensity obtained from solutions of known alum- 
inum content on semilogarithmic paper, and interpolating from the standard 
curve. 


Reagents : 


DEVELOPMENT OF A .STANDARD CURVE 

1. N/10 HCJ — S.3 ml. of 37 per cent (concentratetll HCl (reagent grade) di- 
luted to one liter with distilled water. 

2. Aluminum standard— 3.501S Gni. of K.S0,.AL(S0,),.2-1H,0 are dissolved and 
diluted to one liter with N/10 HCl (stock solution). Dilute 1:20 with N/10 
HCl to give a solution containing 0.01 mg. A1 per milliliter. 

3. Phthalate buffer— M/o potassium acid phthalate (KHCsH.O,). 20 Gni. of 
potassium biphthalate in 500 ml. of water. 

250 ml. of M/5 phtlialate and 23S ml. of N/10 NaOH made up to one liter 
with ivater. The pH should be 4.9 to 5.1. 


♦From the Frank Billinffs Medical Clinic, Department of Medicine, University of Chicago. 
Tiiis work was supported by a grant from John tVyeth ft Brother, Inc., Philadelphia, Pa. 
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•1. O.t jitr I'l Ilf iiuriiitn'carl/ox;/lic ltd'll — (Kujitmiiii Kodak P llOS.) 

1 Gm. of iiiiriti iiinl 2.o ml. of (‘oma'iitrutt'd Nil, Oil diluted to one liter with 
water. Keep in ;i hrowu bottle. -V };ood miality of aiirin ^ives n .‘-tniw-jellow 
color in ;i dilution of 1:10(1 ml. 

5. 1:J0 Xnflil—l ml. of eoneent rated (2S per cent) Nil, OH made up to 30 ml. 
with water. 

(5. ih lhyl rid — 0.2 per cent iileoholic .solution. 

7. .Immoiiium thiiicijnnatc (or pota^^ium thiocyanate) (iO per cent. Keep in a 
brown bottle. 

8. Et/iir— expo.ied to littht or coutainiii" some alcohol. 

Standards ; 

Ten standards of varying concentrations of aluminum are prepared from the 
stock solution to contain from 0.003 mg. per milliliter to 0.05 mg. per milliliter. 

Blank: 

Since the pH alTects the color of the aurin itself without the addition of alumi- 
num, it i.s important to have the blank :it the s:ime pll as the standards or un- 
knowns. Accordingly, the bl-.ink contains all the reagents except the aluminum. 

pkeparation of a standard calibration curve 

0.42 ml. of 1 :50 NII.OIP 

5.00 ml. of phthalate buffer 

1.0 ml. of standard 

1.0 ml. of aurin 


Three .such tubes are prepared for each dilution of standard in addition to three 
blanks. The blank contains 1 ml. of tenth-normal hydrochloric acid in place 
of a standard solution. After the addition of the aurin the tubes are shaken 
gently to mix the contents and placed in the test tube rack. 'When all tubes 
are set up and .stoppered, the rack is placed in a water bath for exactly five 
minutes at a temperature between 70° and 78° C. The rack with the tubes is 
then removed from the bath and immersed in a deep pan of cold water for five 
minutes, or until the tubes reach room temperature. The water level in the 
pan should extend at least to the lex’el of the solution inside the tubes. The 
solution is then diluted to the final volume of 25 ml. The first few milliliters 
are used to wash down any solution condensed on the walls of the tube into 
the main body of the licpiid, and then the remainder is allowed to run freely 
into the middle of the tube to aid in mixing the solution. The tube is then 
moved in a circular motion until the color is evenly distributed throughout 
Inverting the tube to mix the contents is faster, but any loss of fluid introduces 
an error in the reading. The standards are then ready to be read in the eolori 
meter. The reading of the “blank” is subtracted from that of each standard 
The galvanometer readings, indicating the amount of light transmitted are 


then plotted against the concentration of aluminum 


using seniilogarithmie 


paper. The values from this prepared chart can be used indefinite! y^to deter 

z:. ' ™ 

ilimter of standard requires 0.42 mL of 1 -^n Vw oir r 

m*. oi 1 ..,0 XH.OH for neutralization to methyl 


•One ni 
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CENTER POINT 

The coloxTiueter is adjusted to read 100 ijer cent light transmission with 
the tube containing water in the path of the light. The tube is then removed 
and the galvanometer reading taken as the "center point." The same "center 
point" is kept throughout the reading of all the unknowns prepared at the 
same time. 

T.,vble I 

Recovery op Aluminum in tue Feces During Oil\l Administration op Aluminum 
Hydroxide and Aluminu.m Piiospii.vte 


CASE I case II 


ANTACID GIVEN 

I-DAY intake 
A1 (MO.) 

4-DAY OUTPUT 
A1 (MG.) 

4-day intake 
A1 (MO.) 

4-DAY OUTPUT 
A1 (MO.) 

Aluminum hydroxide 

4,716 


4,716 

4,986 

Aluminum phospliate 

2,625 


2,625 

2,697 

Control 1 


1 13 1 

1 

15 


T.vble II 

Recovery of .Aluminum Chloride Added to Samples op Feces 





ALU.MINUM ADDED 

(mg./ml.) 

ALTOIINUM FOUND 
(MG./ML.) 

2 

Gm. of 

feces 



2 

Gm. of 

feces 



2 

Gm. of 

feces 




Blank determinations on diluted urines, plasma, feces and distilled water, known to be 
free of aluminum but ashed, extracted, and treated with the reagents, gave values of 0.0002 to 
0.0003 mg. per milliliter. 


pkeparation and analysis of unknown 

Feces . — The quantity of feces used for analysis depends upon the condi- 
tions of the clinical experiment. A patient on an ordinary diet excretes a very 
small amount of aluminum in the stool, so that it is advisable to use 10 Gm. 
(wet weight) of feces for an analysis. During aluminum therapy 2 Gm. of 
feces are sufficient. 

For ashing, 2 Gm. of fresh, moist, well-mixed feces are weighed into a 
vitreosil silica beaker and 0.2 ml. of nitric acid, and 0.2 ml. of sulfuric acid 
are added. The water is driven off by heating at 100° C. in a drying oven. 
It is then ashed in an electric muffle furnace for about twenty-four hours at a 
temperature of 400° to 500° C. The heat should be started slowly to avoid 
spattering of the material. When a fluffy white ash is obtained, 10 ml. of 
tenth-normal hydrochloric acid are added to the ash, which is transferred to 
a centrifuge tube where the insoluble material is separated by centi-ifuging. 
According to the expected concentration of aluminum, aliquots of the super- 
natant fluid are further diluted 25 to 50 times. 

If iron is present in the solution, it can be removed after bringing it to 
volume by adding 60 per cent ammonium thiocyanate and ether to a portion 
and shaking it several times in a separatory funnel or centrifuge tube. The 
colored ether extract is siphoned off, and the aluminum is determined on 1 ml. 
aliquots of the colorless substrate, exactly as in the calibration of the standard 


curve. 
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Urine . — One hiuulred grams o£ urine are weighed into a vifreosil beaker, 
0.2 nil. of concentrated .sulfuric acid and 0.2 ml, of nitric acid are added, and 
the solution is evaporated to dryne.s.s, charred in a drying oven, and then ashed 
in a muffle furnace for about twenty-four hour.s at a temperature between 400° 
and 500= C. Five milliliters of tenth-normal hydrochloric acid are added to 
the ash. The solution is then centrifuged. Two milliliters duplicate samples 
of the clear supernatant liquid are placed in colorimeter tubes and evaporated 
to drynes-s in an oven at 100° C. One milliliter of tenth-normal hydrochloric 
acid is then added to the dried residue in the tubes, and the color is developed 
exactly as for feces. It is sometimes advisable to combine the ash of several 
samples to increase the concentration of aluminum. Another metiiod is to 
add a known amount of aluminum to bring the color into a better range for 
reading. 

The concentration of aluminum in the urine is extremely Ioav (0.005 to 0.15 
milligrams per liter) even during aluminum therapy, and there are large varia- 
tions from day to day in the same person on a constant intake of aluminum. 


T.\BtE m 

Recovery or Aluiunum in Uri.ve Dut.isg Or.«, .Admixi.str.vtjon or Alumixt-M Hydroxide 

AND Alcmixc.\i Phosphate 


C-VSE I CASE II 



21-HOCK 

24-HOCBODT- 

24-Hoim 

24-Hocr.orT- 

ANTACID GIVEN 

INTAKE 

PUT IX URIXE 

INTAKE 

PET IN URINE 


A1 (ilG.) 

A1 (MG.) 

A1 (MG.) 

A1 (mg.) 

Control 


0.014 




1 

0.015 

— 


Almninum hydroxide 

1,179 


1,179 



1,179 


1,179 


Aluminum phosphate 

656 


656 



656 


656 ' 

1 0.139 


Table IV 


Deteriiixatioxs op Aluhixuh ix the Blood op Patients on Antacid Therapy 


CASE 

CONTROL 

A1 (MG./lOO ML.) 

TTPE OF THERAPY 

AL0AIIXTJM phosphate 
(MG./ lOO ML. Al) 

ALUillNCM HYDROXIDE 

(mg.aoo ml. Ah 

I 

0.020 

0.040 

0.045 


0.015 

0.045 

0.050 


0.023 

0.049 

0.04S 

n 

0.050 

0.053 

0.070 


0.045 

0.046 

0.049 


0.048 

0.049 

0.050 

III 

0.030 

1 



0.022 

0.030 



0.040 

0.046 

0.048 


Blood.— VrfsHh oxalated blood is mixed well and centrifimed Ten to V 
ml. of plasma are placed in a vitreosil silica beaker, 0.2 m] o/nitrie acid .n 
a2 ml. of sulturn .old .,o added, auithe notation is dried in an oven at MO* C 
The sample m then ashed in a muffle fii.nace tor twenty-four hours at MO- r 

ir' “^tdr -Ser Jd"t:t -it fs 

remove tho m.solnWe material. Tivo milliliter dnplieates of 'the'cle'ar super 
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uataut liquid are placed in colorimeter tulic.s and evaporated to dryness in an 
oven at 100° C. When dry, 1 ml. of tenth-normal hydrochloric acid is added 
and the other reagents, as for the urine and feces. 

Amounts of aluminum recovered from the blood of patients excreting about 
2 to 4 mg. per twenty-four hours in the feces vary from O.Olld to 0.0984, ivitli 
an average of 0.045 mg. per 100 ml. 

Recouerjj Experiment . — A solution containing a known amount of alumi- 
num was added to samples of plasma and ashed, as described above. The 
results are recorded in Table Y. 


T.vut.E V 


Kecovery or AMTinxi'ir Anatm to Pl.vs.v.v 


ALVUlNUil 
m PLASITA 

AI.UMIXUM 
ADDKD (ire.) 

AU\\HXUM 
KECOVKHKD (itG.) 

ALUMIXUM 
CALCITLATKD (-MG.) 


0.0050 

0.0230 



0.0050 

0.0224 



0.0050 

0.0554 


0.0540 

0.0050 

0.0591 



EXFERIMENTAL CONSIDERATIONS 

1. Influence of pH and temperature on the color of the lalce formed hy the 
aluminum-aurin comple.r. Eveleth and Myers concluded, “ after a critical re- 
view of the colorimetric analyses for aluminum currently in use, that the lake 
formed Avith aurintriearboxylie acid as a ehromatogenic agent Avas superior to 
that formed Avith alizarin, or Avith 1, 2, 5, 8-hydroxyanthraquinone. On the 
basis of their Avork, aurin was used in this test. It is not an ideal reagent for 
colorimetric Avork, hoAvever, since it is not colorless and varies Avifli the pll and 
temperature. Thus, in a solution of pit 7.0 or above, it is yelloAv; at a pH of 
3 to 5 it has a faint orange-pink color. Various investigators have sought to 
overcome this difficulty by suggesting a final adjustment of the solution to a 
pH 7.2, using ammonium chloride for the purpose of remoAung any excess color. 
This procedure is difficult to control, since the lake is readily decomposed or 
its color progressively fades. 

In the present test the pH of the ahnninum solution Avas adjusted before 
the color Avas developed and maintained at a constant hydrogen-ion concen- 
tration by means of a buffer. The acid .solution of digested biological material 
Avas made neutral to methyl red Avith a small amount of ammonium hydroxide. 
A phthalate buffer at pH 4.9 to 5.1 Avas used because potassium biphthalate 
Avas easier to handle than the hygroscopic ammonium acetate used by some 
investigators for an acetate buff'er. By the foregoing procedure a solution Avas 
obtained Avhich had a final pH of 5.1. At this pH a definite red lake formed 
in the presence of aluminum. The color, hoAvcAmr, developed sIoAAdy at room 
temperature. Y^hen heated in a AA'ater bath at 70° to 78° C., it developed a 
maximum intensity in five minutes. 

2. Prevention of the precipitation of the colloidal color complex at high con- 
centrations of aluminum. PreAuous investigators reported precipitation of the 
lake Avhen the concentration of aluminum exceeded 0.015 mg.== To obtain a 
curve for the photoelectric colorimeter, it Avas desirable to keep the lake in a 


CAUVANOMCTCn RCAOINOS 


FllON’r-KlUriNV.H; 


Al.rMlSV.-M IN mOI.OCtCAI. MATl'.UlAl. 


KiOll 


(lisperecd plia.st* well l/oyoiid a coiirentnitiou ol 0.0.5 iiif,'. llu; .stability ot tlie 
lake was not inereased by eliaii^es in ])ll after tin; develoiiinent of color; it 
was less stable when larp:e amounts of ammonium salts were added. Attempts 
to peptize the precipitate by addiniv lar^e amounts of water wei'e unsueee.ssful. 
Using organic .solvents in diluting the ecdoretl lake did not prevent it from 
precipitating. Heating above S0° C. inereased the teiuleney of the lake to pre- 
cipitate. \Yhcn more than 1 ml. of aurin was used, it was less stable. 



This problem was solved by the following procedure : The aluminuin-aurin 
lake M'as allowed to form in a volume of solution not exceeding 10 ml., and 
was heated at 70° to 78° C. for five minutes. After cooling, it coidd be diluted 
with water to any desired volume -without danger of precipitation. A solution 
containing as much as 0.063 mg. of aluminum in 25 ml. remained stable for an 
indefinite period of time (Chart 1). 

3. Optimum quantity of aiLrin reagent for developing a color with aluminum. 
Amounts of aurin reagent, varying from 0.16 ml. to 2.0 ml., -were tested. ’ One 
milliliter yielded the be.st results. An amount of aurin less than 1 ml Avas 
insufficient to contrast differences in concentration of aluminum ,- more than 1 
ml. gave too much color to the blank. 

4. Elimination of interfering substances. Yoe,^^ after investigating certain 
UAetalhc ions which nught form colored lakes similar to that of aluminum with 
aurin, found that all except iron were decolorized bv ammon,'!, 

A dualitative test to determine whether irok is present in th i 

should be made before the development of color. Sixty per cent of ! n 
thiocyanate, tollowed by an ether extractinn m ammonium 

foring su1,.,t«nc-c ,vho„ p,-eKC„t removed the inter- 
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5. The final dilution. Poi* the greatest accuracy in photoelectric colori- 
metry, the intensity of light transmitted by the colored, solution should cause 
a deflection of the galvanometer needle within the most sensitive range of the 
instrument. Most of the galvanometer readings should fall, therefore, between 
80 and 20 on the galvanometer scale. The final volume of 25 ml. was found, 
experimentally, to meet this requirement. 

6. Selection of filter. The filter ivas selected from a .spectrophotometrie 
analysis of the colored solution. The characteristic peak of maximum trans- 
mission was between 520 and 540 ni/n, at about 530 m/^. The Evelyn filter No. 
520 was slightly more sensitive than No. 540. 

COM.MENT 

Analyses of feces, urine, and plasma for aluminum before and after the 
administration of aluminum phosphate and aluminum hydroxide indicate that 
the aluminum is excreted entirely by way of the gut and that there is very 
little, if any, absorption into the blood stream. Kehoe and co-workers' found 
“the daily output in the feces . . . practically equivalent to daily intake in 
the diet,” when speaking of the trace metals, such as aluminum, normally 
found in the body. In agreement with this observation the figures in Table I 
show a quantitative recovery of aluminum in tlie feces during aluminum therapy. 

These same authors" report the concentration of aluminum in normal urine 
as 0.052 mg. per liter ± 0.025 mg. The values given for control urines in Table 
III of the present study are 0.015 mg. and 0.052 mg. Since the concentration of 
aluminum in the urine varies from day to day in the same person on a constant 
diet, sharp margins of normal are not easily established. 

Grasinov* reported 0.068 to 0.0708 mg. of aluminum in 100 Gm. of whole 
blood. Kehoe’ found 0.015 mg, ± 0.012 mg. of aluminum per 100 Gm. of whole 
blood “occurring almost entirely in the plasma.” The values in Table IV of 
this present study, based on analyses of plasma, range from 0.015 to 0.050 mg. 
per 100 c.c. 

Prom these comparisons it may be concluded that the results of the present 
method are in agreement Avith those of preAuous investigators. 

CONCLUSIONS 

1. An improved method for the quantitatiA’-e determination of aluminum 
in biological material, using the EA'elyn photoelectric colorimeter, is described. 
The use of a phthalate buffer, a smaller volume of reaction mixture, and care- 
ful control of the pH and temperature of the solution, as Avell as of the time 
of dilution, contribute to the formation of a stable-colored solution. The pro- 
cedure is easily performed and yields accurate and reproducible results. 

2. There is no significant increase in the aluminum content of the blood 
or urine after the oral administration of aluminum hydroxide or aluminum 
phosphate. 
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MEDICAL ILLUSTRATION 


TPIE BASIC TECHNIQUE OP KODACHROJIE PHOTOOEAPHY OF 
FLUORESCENCE PHENOMENA^ 


Frank H. J. Figgk, Pu.D.,! and Carf, Damp: Ci^arki?, Ph.D. 
Baltijiore, ilD. 


U NTIL recently the photography of flnoreseeuce phenomena was seriously 
handicapped since it Avas unable to reproduce accurately a variety of col- 
ors. It Avas possible to record some of these color differences by means of black- 
and-AA’hite film.'’ * IIoAvever, this method is truly colorless and falls flat A\'hen 
compared Avith the spectacular and delicate shades of color that haA’e been ob- 
serA’ed and described as a result of fluore-seence in near-ultraAdolet radiations. 
The relatively recent development of practical, efficient sources of near-ultra- 
A’iolet radiations has giA'en a great impetus to fluorescence studies in many 
fields, and especially in the field of medical examinations and diagnosis.*’ -■ ■*’ ^ 
An accurate method of reproducing colors is the result of the development of 
Kodachrome film. These tAA’o dcA-elopments of suitable ligliting and film haA’e 
gone hand in hand and each sei’A’cs to amplify tlie utility of the other. 

The simple efficient apparatus and filters necessary to e.xtend the limited 
range of visual perception by means of fluorescence phenomena has been reported 
previously.- It is the purpose of this paper to describe and discuss equally 
simple methods and apparatus for accurately and faithfully recording fluores- 
cence phenomena by means of Kodachrome photography. 

Fluorescence is the term applied to the phenomenon AA’hieh eertain substances 
or bodies shoAV Avhen illuminated Avith ulti’aviolet light. It usually involves the 
absorption of the invisible near-ultraviolet radiations and the emission of A'isible 
light of longer Avave length. For a more complete discussion, the reader is re- 
ferred to other litei’ature on this subject.*’ -’ * 

One of the difficulties that had to be oA’ereome in the photography of fluores- 
cence Avas the fact that the ordinaiy film or plate is less sensitive to the rays of 
visible light caused by fluorescence than it is to the I’eflected rays of the near- 
ultraviolet or so-called actinic rays used to excite the fluorescence. The prob- 
lem AA'as to find a filter to place either in front or in back of the lens of the camera 
to absorb the reflected near-ultraviolet radiations and to transmit full}’ the 
relatively feeble rays of visible light caused by fluorescence. The photography 
of fluorescence must be done in a dark room. No extraneous or stray light can 

‘From the Departments of Anatomy and Art, University of Maryland Scliool of Medicine, 
tone of us (F. H. J. Figge) is indebted to Dr. 0. N. H. Long and the -staff of the 
Physiological Chemistry Deoartment at Aaie University School of Medicine, who first demon- 
strated the feasibility of Kodachrome photographs of porphyrin incrustations in rats. 

This work was aided by a grant from the Anna Fuller Fund for Cancer Research. The 
reproduction of the Kodachrome photographs was made possible by the J. A. Cox Fund. 
Received for publication, December 6, 1941. 
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mended for fluorescence studies are tlie red-purple ultra No. 597, red ultra No. 
584, blue-purple ultra No. 585, and red-puri)le corex A No. 986. While tliese 
filters are suitable for some studies in fluorescence, thej' are not suitable for color 
photography of fluorescence because of the visible light which they transmit. 

The secondary filter used to photograph the fluorescence (Plate I) was a 
Corning glass filter No. 306 Noviol shade 0. This has been referred to as the 
lens filter because it is placed either in front or in back of the lens. The perfect 
camera lens filter or secondary filter for fluorescence photography has not been 
found. The ideal filter for this would be one that absorbed all ultraviolet I’adia- 
tions and transmitted all the visible light. The Corning filter No. 038 Noviol 
shade A was almost ideal, but was itself highly fluorescent. However, this filter 
has been used sueeessfullj' by placing it behind the lens inside the bellows where 
it is protected from most of the near-nltraviolet I'ays. The Corning filter No. 306 
Noviol shade 0, although almost ideal, transmits a negligible amount of near- 
ultraviolet and absorbs a trace of violet and blue. The Wratten No. 2A gelatin 
filter, which is used most frequently and is recommended by Walter Clark^ for 
fiuoi’escence photography, is also good. This does transmit some near-ultraviolet, 
but absorbs less violet and blue in the visible spectrum than the Corning No, 
306. The Wratten No. 2 Aesculine gelatin filter also absorbs ultraviolet radia- 
tions shorter than 3,800 to 3,900 A.U. but this, like the Corning No. 038 
Noviol A, is intensely fluorescent. When the primary filter is a glass with 
chai’aeteristics of the Corning No. 587 red-purple ultra, the Corning No. 306 is 
superior to all other secondary filters since it absorbs a part of the purple light 
transmitted by the primary filter. 

The photograph illustrated was taken witli a 5 by 7 inch extension bellows 
camera equipped with a lens having a focal length of 6^2 inches. Kodachrome 
film, 314 by 414 inches, was used in a reducing back. Similar pictures have also 
been taken with several other cameras, including a Leiea. In general, it may be 
said that almost any oi'dinary camera may be used for fluorescence photography. 
A quax'tz lens is not required and, as a matter of fact, would be a disadvantage 
because this would readily transmit the ultraviolet radiations. The glass lens 
in an ordinaiy camera also transmits some of the longer wave lengths or near- 
ultraviolet, but less than the quartz lens would transmit. The camera lens filter 
is thus necessary to absorb the reflected near-ultraviolet radiations (so-called 
actinic raj's) which are not absorbed by the glass lens. 

There is little information available rvith regard to the fluorescence of cam- 
era lenses. It is Imovui, however, that the fluorescence chai’aeteristics of glass 
change with age, and that optical glasses or lenses from different manufacturers 
show unmistakable variations in fluorescence.^ The differences in the color of 
the fluorescent light emitted by various lenses range from pale yellow to violet, 
blue, and brilliant white. The differences in shade have been described as subtle 
but so characteristic that glasses from numerous sources almost never fluoresce, 
similarly, and this fact has been used by one manufacturer to distinguish be- 
tween his own and other products.* 

The discussion of the fluorescence of glass has been introduced to emphasize 
the importance of checking this feature in every camera lens before attempting 
to use it for fluorescence photography. During the long exposure necessary for 
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Kotlachromo photoijrapliy a camera Ions that fUioresccd appreciably would cause 
fosizing ot' the film or plate. Thi.s point wa.s checked bel'ore making the color 
photograph in Plate I. The lens was not tluorescont so the filter to absorb the 
ueav-ultraviolet was placed between the lens and the plate. Had the lens been 
found to fluore.see, the filter would have been mounted in fi’ont of the lens. Ibis 
would, thereiove, have served a double pvu'pose. It would have prevented ultra- 
violet radiation from reaching either the lens of the camera or the photographic 
plate. To test a lens for iluorescencc irradiate it with near-ultraviolet light. If 
it is distinctly ftuoreseent, the lens will be seen to glow. Slight fluorescence may 
be detected by intermittently shielding the lens from the ultraviolet radiations 
by an ultraviolet-absorbing filter. If there is a glow which disappears \vhen the 
lens is shielded, the loirs is fluoreseent. Shielding the lens with a hood or filter 
decreases the intensity of the fluorescence and the possibility of objeetional ef- 
fects. 


Tliere is great variation in the intensity as well as the wave length of the 
fluorescent light emitted liy different materials, The.se widely varying con- 
ditions make it impos-sible to recommend .specific types of Kodachrome film for 
recording fluorescence. In general, it may be stated that Kodachrome profes- 
sional daylight type film is superior for objects which fluoresce a blue white, or 
blue and green with a little red. For objects that fluoresce more intensely in 
the red or yellow end of the visible spectrum, the type B professional Koda- 
ehrome gives tlve best color balance. Likewise, no specific rule can be given 
for the e.vposure time, except that it must always be relatively long in comparison 
to exposures with reflected light, because the intensity of the visible light result- 
ing from the fluorescence is low and varies in different objects. Several factors 
will influence this variable fluorescence intensity in a definite way. The intensity 
of the light and its distance from the object regulate the intensity of fluores- 
cence. The distance of the object from the camera or film must also be taken 
into account in estimating the exposure time. 

As a prelimaniw procedure to determine the proper exposui’e, a series of 
test exposures of five, ten, twenty, and forty minute.s at f :S may be made and 
from these results the proper exposure is approximately estimated. It is im- 
perative in Kodachrome photography to have the proper exposure, since this 
determines the accuracy of the method of recording the coloi-s. 

The fluorescence of the background is also an important feature. The 
backgx’ound should he either nonfluorescent or should fluoresce a color that will 
set off or emphasize the color of the fluorescent object. A dull blue or black 
(nonfluorescent) background is be.st for red fluorescent objects. A white or 
red fluoreseent baokgi-ound almost completely masks the fluorescence of red 
fluorescent objects. 


The wide variation in the inteirsity of fluorescent light from different ma 
tonals makes it impractical to try to photograph more than one specimen at 
a time If this becomes necessary, groups of specimens should be chosen that 
exhibit a uniform fluorescence with regard to brightnes.s. If this is imposs ble 

1 1 nl 1 1 t" 7 the objects individually and to^ombin; 

P otogiaphs. In the case of the photograph of the fluorescence of rat fur 
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and the harderian gland, both objects fluoresce brightly. Tlie I'ed fluorescence 
of the harderian gland is relatively more intense than the blue-green fluorescence 
of the fur. It was found that when the proper exposure (twelve minutes) was 
given for the fur, the intense red of the gland and porphyrin incrustations was 
overexposed. To avoid this the exposure was made in the usual way for eight 
minutes. At the end of that time a Corning No. 430 dark shade blue-green filter 
was introduced betu'een the object and the lens for an additional four minutes. 
This filter transmits the blue-green light from the fur but practically none of 
the red from the gland and porphyrin. In other words, the blue-green light 
from the fur acted on the film for twelve minutes, while the red of the gland 
and porph.yrin incrustations acted onl 3 ’’ eight minutes. This j'ielded a more 
nearl.v perfect exposure for both materials. Aceordingl.v, it niaj' he seen that 
it is possible to compensate for dilferencas in the brightness of the fluorescence 
of two objects b^’ means of colored filters applied during a certain fraction of 
the ex230sure. It .should be emphasized, however, that this is possible only for 
two or three different materials or colors, and in cases where the fluorescence 
spectra do not overlaid too much. A number of attempts to compensate for the 
-variations in brightness bv means of illuminating the objects with filtered visible 
light of low intensity proved unsuccessful. 

sujdiary 

A Kodaehrome photographic method is outlined for recording the more 
delicate shades of colors caused bj’ the fluorescence of objects when subjected to 
near-ultraviolet radiation. Some form of quartz mercuiy arc is recommended 
as the light source. This light must have a primary filter (Corning glass filter 
No. 586 or No. 587) transmitting the near-ultraviolet light, and absorbing all or 
ahnost all of the visible light. Onl.v tAvo of the secondary or lens filters men- 
tioned in this discussion are suitable and practical. The.A' are the Corning No. 
306 NoA'iol 0 and the Wiatten No. 2A. Tlie.se nuiA’ be mounted either in front 
of or in back of the camera lens. AVhen it is necessarv to photograph objects 
exhibiting the fluorescence of different colors and intensities, a more nearly 
perfect exposure is attained b.v means of a colored filter AA'hich absorbs the color 
emitted bA" the object Avhich fluoresces most intenselj'. Such a filter Avould trans- 
mit the colei’s emitted bj' the materials Avhich fluoresce less intensely. This filter 
is applied onh' during the last third of the exposure. Some of the requirements 
of the camera and lenses are also discussed. 

Through the use of these methods and principles, it is possible to record 
faithfulb' on Kodaehrome film some of the striking color effects brought to light 
bv fluorescence studies. 

REFERENCES 

1. Danckwoitt, P. AV.: Lumineszenz-Analyse im Filtrierteii Ultravioletteii Licht, eti. 3, Leip- 

zig, 1934, Akademisclie A’erlagsgesellsdiaft ni. b. H. 

2. Figge, F. H. J. : Near-Ultraviolet Bays .and Fluorescence Plienomen.a as Aid.s to Discovery " 

and Diagno.sis in Jledicine, Bull. School Med., Univ. Marvland 26: 165, 1942, 

3. Henney, K., and Dudley, B.: Handbook of Photography, New York, 1939, McGraw-Hill 

Book Company. 

4. Kadiey, J. A., and Grant, J.: Fluorescence Analysis in Ultraviolet Light, ed. 2, New York, 

1935, D. ALan Nostrand Co. 

5. Korimer, James J.: Marble .Sculptures and the Ultraviolet Bay, Bull. Met. Mufeuin of 

Art 24: 1S5, 1929. 



DEPARTMENT OF ABSTRACTS AND REVIEWS 


HouEiiT A. Ku-dukke, M.D,, Absti:.\ct Editou 


KESPIRATOKY rNTECTIONS, A Medium for Blood CtiUtires in, HmaiJert, C. B, Am. 
Ilev. Tulierc. 45: 194d. 

The fnllowiiig forimilii li:i.s Ijoeii found very .-ervieeiilile: 


Houillnii 


Peptone 

10 

Gill. 

Sodium chloride 

5 

Gm. 

Lung infusion 

3,000 

c.c. 

.Solid Medium 



Ag.ar-.agar 

15 

Gm, 

.Sodium chloride 

5 

Gm. 

Lung infusion 

1,000 

c.c. 


If the powdered lun^ hs u.ved, 1:10 Ow. in 1,000 c.c. of wuter iirc soiiked overuiglit in 
the ice cliest. It is tJien boiled .and iiltered. This filtrate is u.-ed as described above. The 
reaction is set at 7.S pll. 

This medium has been useful in obtaining blood cultures in respiratory infection.s where 
others have failed. It is also used for many other organi.snis by adjusting the reaction suit- 
able for their growth. 


TUEEHCULOSIS, Vitamin K in, With Special Beference to Pulmonary Hemorrhage, Levy, 
S, Am. Eev, Tuberc. 45: 377, 1942. 


Vitamin K and its relation to pulmonary tuberculo-sis .and pulmonary liemorrhage are 
discussed. 

Bleeding time, coagulation time, clotting power, anti liver function tests were carried 
Out in four groups of patients tvith pulmonary tuberculosis and in one control group. 

Of the patients witli pulmonary tuberculosis 32 per cent had a more or less marked . 
degree of hypoprothrombineniia, ivldle there was no evidence of this condition among the 
subjects of the control group. Hj'poprothrombiue.aiia is a frequent finding in pulmonary- 
tuberculosis and readies the lowest values among tlie group of patients with puimonary 
hemorrhage. 

Parenchymal liver damage was found to be present in 87 per cent of patients with 
pulmonarj' tuberculosis, while 33 per cent of the control subjects showed a slight degree of 
liver dysfunction. 

Tile effect upon the dotting power of drugs routinely used in pulmonary hemorrhage 
was studied. It was found that sodium pentobarbital causes a lowering of the clotting 
poner. Morphine, Itoagamen, and calcium also have a sliglit beneficial effect on the clotting 
power, although inferior to that of vitamin K. 

It is suggested that vitamin K be used routinely as a prophylactic measure in patients 
whose x-ray films show cavity formation and who are shown to have a hypoprothrombinemia 

Vitamin K, togetlier with tbe administration of morphine, appears to be the therapy of 
choice in the prevention and treatment of pulmonary hemorrhage due to tuberculosis 


BLOOD VELOCITY, An Objective Method of Determining (Pluorescein Method) Pish- 
back, D. B., GuUman, S. A., and Abramson, E. B. Am. J. Tf. Sc. 203: 535, 1949 

A new objective circulation time is described, using fluorescein. 

The data obtained indicate that the method is reasonably simple, not harmful to the 
patient, and reliable as indicated by comparison with other methods. 
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This method is of particular advantage in determining the blood velocity in small 
children, and in comatose, anesthetized, mentally ill, and moribund patients. 

In patients with normal hearts or with fully compensated cardiac disease, the circula- 
tion time varied from 7 to 15. G seconds. In another group of patients with cardiac disease 
undergoing decompensation, the circulation time varied from IG to 25 seconds, one being 
45 seconds. 

The test for circulation time is done as follows: Using sterile precautions, an IS 
gauge needle attached to a syringe containing -1 c.c. of a 10 per cent, or preferably 3 c.c. 
of a 20 per cent, sodium fluorescein solution is inserted into the antecubital vein of the arm. 
The room is then darkened, and the fluorescein is injected rapidly into the vein. The assistant, 
using a portable ultraviolet source with a AVood’s filter, directs the light to one of the eyes 
of the patient, observing the paliiebral conjunctiv'a. The first appearance of a brilliant 
yellow color in the lower palpebral conjunctiva is the end point. The end point is sharp, 
especially if the room is dark. The time elapsed from the moment of injection to the appear- 
ance of the dye in the eye is recorded. 

Thus, the circulation time from the antecubital vein of the arm to the conjunctiva of 
the eye is accurately determined. 

SYPHILIS, Value of Complement Fixation and Agglutination With Spirochetal Antigens 

and Eelation of Spirochetal Antibody to the Wassennann Reaction, Kolmer, J. A. 

Arch. Dermat. & Syph. 45: 455, 1942. 

Complement fi.vation tests conducted with antigens of cultivated S. pallida, especially 
of the Reiter and Kazan strains, compare favorably in .sensitivity with the AVassermann 
and flocculation tests in the serologic diagnosis of syphilis of human beings and rabbits, 
but their practical value in the diagnosis of the disease in its different stages and in rela- 
tion to treatment has not been sutliciently defined. 

Spirochetal complement fi.xation tests in sj-philis of human beings and rabbits are not 
as specific as the Wassennann and flocculation tcst.s, largely because of the presence in 
normal serum of natural spirochetal antibody. 

This natural antibody, as well as that produced in syphilis, is of a group character 
reacting not only with cultivated S. pallida but with S. macrodentium, S. miorodentium, and 
other spirochetes. 

Spirochetal complement fixing antibody is increased in malaria and in leprosy, with 
a high incidence of positive complement fixation reactions in both diseases, especially in 
the former. Under the conditions it is improbable that the spirochetal complement fixation 
test w-ill identify as biologic false reactions the positive AA^asserniann and flocculation reac- 
tions observed in nonsyphilitic persons with leprosy and malaria. 

Normal human and rabbit sera also contain a natural group agglutinin for cultivated 
S. pallida and other spirochetes. The aggluliuiu undergoes some increase in syphilis but 
not sufficient for rendering the spirochetal agglutination test with cultivated spirochetes of 
diagnostic value in syphilis. 

The results of agglutination and complement fixation tests with suspensions of viru- 
lent S. pallida obtained from acute testicular sy-philomas of rabbits have indicated more 
definitely the production of these antibodies in syphilis of human beings and rabbits than 
tests employing suspensions of the cultivated spirochetes, which suggests that the latter 
have undergone dissociation into variants with a change in antigenic structure associated 
with a loss of virulence. 

Complement fixation and agglutination tests with cultivated spirochetes have indi- 
cated the possible existence of serologic strains of S. pallida and also their biologic relation 
to S. macrodentium, S. microdentium, and S. refringens. 

Largely on the basis of absorption of sy-phililic human serum with tissue lipids and 
suspensions of cultivated S. pallida, the preponderance of evidence is in favor of regarding 
the Wassermann reagin and spirochetal antibody as separate entities which may coexist in 
serum. 

Undoubtedly the lipids of S. pallida are important in complement fixation by the 
Wassermann reagin. Whether spirochetal antibody reacts with them is unknown, but it 
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has been suggested that it fixes complement with some other constituent of spirochetes of 
a nonprotciu nature. 

The practical value of autif^ens of cviltivatcd piiUidci ia the seroloj^ic tliagnosis of 
5 V[>}iilis and in relation to tlie Ireatiiieut of the disease cannot be stated at present, but 
tivey are wortliy of further study. If .sueh strains arc employed, antigens of whole spiro- 
chetes in phenolized saline solution nppenr to be advisable. 'Ihc Heitor or Kazan strains 
ate preferred, and a mixture of the two may be advisable. The amount employed should 
be the minimum, giving positive reaetions with human syphilitic serum, in order to avoid 
falsely positive reactions with natural spirochetal autiliody as much as pos.sible. Suspen- 
sions of virulent tissue spirochetes are preferred, but owing to technical ditliculties in their 
preparation they probably cannot be employed. 

CUIiTtTEE, Differential, Simple Method of Using Penicillin, Tellurite and Gentian Violet 

for, rieming, A. Brit. ^I. •!., ^lay 2, p. 517, 1942. 

By the simple method of spreading a small fiuantity of gentian violet over half of the 
culture plate of blood agar after it lias been planted, it is possible to isolate a few strep- 
tococci from the midst of a multitude of staphylococci, just as it has been shown to be if 
the gentian violet is incorporated in the medium. 

Whatever chemical is used with this teehnique, it is necessarj-, when spreading it 
over half the plate, to start whore the inoculum is lightest and proceed toward where it is 
heaviest; otherwise there may lie so many resistant bacteria that a confluent sheet of 
growth results. 

Three chemicals can be used in this way with great advantage in the clinical bac- 
teriological laboratory. They are penicillin, pota.ssium tellurite, and gentian violet. 

The great advantages of this simple method of spreading the chemical over half the 
culture plate after inoculation are (1) special media need not be prepared; (2) one-half 
of the culture plate is an ordinary culture and the other half a selective culture, thus 
really giving the effect of two culture plates in one. 

GLUCOSE, The Assimilation Rate of Intravenously Injected, in Hospital Patients, Cain, 

J. C., and Belk, W. P. Am. J. :M. .Sc. 203: 3.59, 1942. 

The assimilation rate of intravenomsly administered gluco,se in hospital patients was 
found to be correlated with the rate of injection. The assimilation of 5.77 Gm. per kilo- 
gram of body weight per hour was observed. 

In all cases some glucose was lost in the urine, the amounts varying from approxi- 
mately 0.3 to 30 per cent of the total given. The average loss was 12.2 per cent. 

The proportion of injected glucose lost in the urine was not correlated with the rate 
of injection, nor with the total amount given within the limits studied. This “spill” is 
conditioned by factors within the individual patients. 

For practical purposes the rate for the intravenous administration of glucose may 
be determined solely on two considerations; first, the hydrodynamics of the patient's circu- 
lation; second, technical convenience. 


SYRINGE, Removing “Prozen” Plungers by a HydrauUc Pressure Method, Novak M 
and Lacy, A. M. Am. J. Technol. 8: 42, 1942. ’ ’ ’’ 

A 1 inch No. 22 Yale hj-podermic needle is telescoped into a Xo. 19 (li/. inch) Y-ale 
needle so as to make a firm connection. One needle is attached to the frozen 'syringe and 
the other to the tuberculin syringe which is filled with water. By forcing water into the 
frozen” syringe, pressure is exerted on the “frozen” plunger and almost always it 
will be forced out. Air in the system should first be displaced with water for best remits 
This simple device may be made in a minute from old needles, and kept on hand fnr 
7" combination of needles may be used as long as th!y fit together 

firmh. The use of the two needles in this manner makes a flevihlB ^ 

dmiinishes the chances of breaking the ends of the syringes. 
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TISSUE, ComBined Frozen and Paraffin Method for Rapid Sections, Thomlinson, B. C. 

Arch. Path. 33: 35, 1012. 

Technique 

1. The tissue, if not already fixed, is placed in hot diiute formaldehyde solution (10 
c.c. of solution of formaldehyde U.S.P, in 00 c.c. of watery for three minutes. The solution 
should be steaming (about 05° C.) but not boiling', and the pieces of tissue may he large, 
but not over 3 mm. in thickness. 

2. Frozen sections, as thin as possible (10 to 15 microns), are prepared by the usual 
method. Ovcrfreezing should be avoided since it causes an unnoce.ssary delay. 

3. Sections are transferred from the knife to a dish of warm (10° C.) 0.2 per cent 
gelatin .solution, from which a section is then floated carefully onto a clean slide, and any 
wrinkles which maj'' form are teased out. 

1. The excess fluid around the section is rviped olf, and the slide is dried cautiously 
over the pilot flame of a Bunsen burner. Overlieating is to be avoided. 

5. When the section is thoroug’lily dried, it is cooled and placed in formaldelij'de alco- 
Iiol (10 c.c. of solution of formaldoliyde U.S.P. in 00 c.c. of 95 per cent etlyl alcohol) for 
one-half minute. 

6. It is then dehydrated in 95 per cent ethyl alcohol, followed by absolute alcohol, 
one-half minute in each. 

7. After being cleared in xylene for one-half minute, it is transferred to a beaker of 
melted paraffin in an oven at 60° C. for three minutes. 

S. The slide is then removed from the beaker of paraffin and returned to the oven for 
five minutes. Tliis assure.? attachment of the .section to the slide during the staining proces.? 
and apparently produces a mordant effect on the tissues. 

Various staining methods maj' now be employed. Tlie lechnique for the liemato.x’ylin- 
eosin method is as follows: 

1. Bemove paraffin with .xylene for 30 seconds. 

2. Place in 95 per cent alcohol for 15 seconds. 

3. Place in 70 per cent alcohol for 15 seconds. 

4. Wash quickly in tap water for 10 second.s. 

5. Stain in fresh Harris hematoxylin for one minute. 

6. Wash in water, and decolorize in 0.5 per cent aqueous solution of hydrochloric acid. 
Wash and intensify in a weak solution of ammonia water and again wash for 30 
seconds. 

7. Counterstain with eosin and rinse in water for one minute. 

S. Vehydrate in 70 per cent, 95 per cent, and absolute alcohol for 10 seconds each. 

9. Clear in xylene. 

10. Mount in Canada balsam. ’ 

HEMOSIDEKIN, A New Modification of Ferls’s Reaction for, in Tissues, Highman, B. 

Arch. Path. 33: 937, 1942. 

It is suggested that one volume of a 2 per cent aqueous solution of potassium ferro- 
cyanide be mixed with an equal volume of a 4 to 6 per cent aqueous acetic acid, heated 
in a test tube until beads of gas appear on the inner surface of the glass (about 60° to 
S0° C.), poured on the section, and allowed to remain thereon for from forty-five seconds 
to live minutes. 

After being washed in water, the .section is counterstained for five minutes with a 
1:6,000 to 1:10,000 solution of basic fuchsin in 3 per cent aqueous acetic acid. 
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-Icetylchollne estera.'-e in blood serum, CIO 
•Icld, adenylic, muscle, effect of. in malnour- 
ished persons. .727 
.a.ecorblc, tolerance te.-st. oral, 51S 
citric, determination of. 2ii7 
glacial acetic, method for Cabot ring bodies 
in erj-throcytes. 006 

hippuric, from urine, effect of added salts 
on recovery of, lOS 
liver function te.st, 1.503 
-Acid-fast bacilli, examination for. SOO 
technique for detection of, 531 
.Acidosis, diabetic, blood volume produced by. 
changes in. 1109 

-Veute diarrhea in infants and children. 317 
postoperative lung abscess,' 1510 
-Adapter for microcentrifuge shields. S39 
-Addison's disease, desoxycorticosterone ace- 
tate and -sodium in. 1117 
Adenylic acid, muscle, effect of. in malnour- 
ished persons with pellagra and 
peripheral neuritis, 527 
-Adhesive materials, 121 

Administration, intravenous, of oxygen. 223 
-Adsorption analyses, chromatographic, 1229 
(E. Kev.) 

-Adtevac process, mass production methods 
based on. S12 

-Advancing front of medicine, 031 (B. Kev.) 
-Aerobic, gram-negative sporulating bacillus. 

. by. 11 

-Ap of Neisseria 

656 

— tion of Flex- 

ner dysentep' bacilli, use of. 1031 

-Age incidence of positive tubercuiin reactions 
(ilantoux), .732 

-Aged, cholesterol studies in. 1563 
vital capacity studies in. 737 
-Agglutination reactions in rheumatoid arthri- 
tis, 705 

slide, in detecting pertussis antibodies. 792 
-Agglutinin response to skin tests with bru- 

cellergen and Brucella vaccine. 1214 
Air, embalmed specimens e-xposed to. dehy- 
dration in, 1078 
-Albumin, determination of, 1116 
plasma, in healthy individuals. 171 
-Alcohol, amphetamine sulfate-ethyl, antago- 
ni.sm in rabbit. 131 

perchlorate method for determining concen- 
tration of, 1225 (-Abst.) 
polyvinyl, injections, effects of. on blood 
and tissue.s, li;n 

-Alkalinizatlon of urine. 12S (Abst.) 


-Allergic asthma. 321 , , . 

person.s. bloorl magne.sium in. 130< 

-Allergy in clinical practice. 9S2 (B. Rev.) 
iodine, 11.50 ,, ,, , 

serum, multiple, in atopic individuals, 18 1 
synopsis of, 982 (B. Rev.) 

-Alum precipitated, tetanus toxoid, .sensitiza- 
tion induced by. 26 

-Aluminum in blologlc.al material. 159S 
-American and his food, 1109 (B. Rev.) 

-Amino acid mixtures, peptone in, 260 
plasma levels, 1491 (-Abst.) 
acids, parenterally administered, results of 
treatment with. 1400 

-Amphetamine sulfate-ethyl alcohol antago- 
nism in rabbit, 131 

-Amyl nitrite, pulmonap- cerebral effect time 
as determined by. 1111 
-Amylase on dige.stion, supp}t-mc-ntal, effect of, 
305 

-Amyloidosis. Benhold’s test for. 934 
Congo red. test for. 1225 (-Abst.) 
primary, of lungs, .S82 

-Anaerobic atmospheres in Petri dishes, ex- 
posing cultures to, 1431 
"-Anagrams,” electrocardiographic, 1003 
-Anal canal, gonorrhea of, treatment of. 1040 
-Analytical chemistp- of industrial poisons, 
hazards and solvents, 12.30 (B. Rev.) 
-Analyzer, oxygen, for oxygen tents. 1340 
-Anaphylactic shock, effect of. upon blood 
pota.ssium and concentration. 200 
in guinea pigs, protection against, by his- 
ta.Tiinase. .337 

Androgenic substances in urine of eunuchoid 
and castrate men. 917 
-Anemia, acute hemolytic. 139 
pernicious, hypoprothrombinemia in. 1220 
(-Abst) 

patients with, under treatment, red blood 
cell counts and hemoglobin determi- 
nations in. 937 
target cells in, 1105 (Abst.) 

-Anemic rabbits, hematopoie-sis in. S90 
-Anesthesia, sodium pentothal, for abdominal 
surgery- in animals, 1199 
-Anesthetic steroid hormones and pentamethy- 
lenetetrazol, antagonism between. 
1051 

-Animal compression chamber, 2.37 
Animals, experimental, abdominal surgery in 
anesthesia tor. 1109 
small, method for stomach tubing. 3.52 
Antagonism between anesthetic steroid hor- 
mones and •pentamethylenetetrazol, 
10-51 

-Antibacterial property in diphtheria, 1491 
(Abst.) 

-Antibodies, pertussi-s. slide agglutination in 
detecting. 792 

Anticoagulation as technical source of varia- 
tions in erythrocyte sedimentation. 
1dG9 

Antifogging effect of soap on eyeglasses and 
diagnostic mirrors. 798 
-Antigen for Eagle flocculation test, 660 
pollen, 328 

-Vntiheroorrhagic activity of extract of Euro- 
pean mountain ash berry ,S97 
-Antiseptics, toxicity of. 1432 ‘ ■ 

Antithrombhm ^ quantitative studies on, 1493 

-Antitoxin, staphylococcus, in areas of rabbit’s 

sKm, ot 

-Apical scars, silicon in relation to, 10^3 
-Apparatus facilitating preparation of "tissues 
for paraffin sections. 673 
Application and wearing of facial prostheses. 


Aqueous solution, extraction of proteins from. 
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Art and scienco ot nutrition, U08 (B. Hev.) 

Arterial obstruction, peripiioral, 10 
pressure, systolic, indirect deterniiiiatiou of, 
in rats. 1102 

Arteiy occlusions, coronary, 11,8 (Ahst.) 

Arthralgia, menopause, 207 

Arthritis, atropliic, clironic, periplieral nerves 
in, 1236 

pathology of, 425 

brucellosal, chronic, atrophic type of. lOS 
by electropyrexia, treatment of. 1135 
rheumatoid, 5Iester's test in, SI 

Ascorbic acid tolerance test, oral, olS 

Aspergillosis, pulmonary, 740 

Assay of heparin, S20 
microbiological, method for six B vitamins, 
10S6 

Assembly trays, 676 

Assimilation rate of intravenously injected 
glucose, 1613 <Abst.) 

Asthma, allergic. 321 
experimental. 310 
histamine, 323 

Atopic individuals, multiple serum, allergy 
in, 1S7 

Atrophic arthritis, chronic, peripiioral nerves 
in, 1236 

pathologi' of, 435 

Ausoultatoi-y blood pressure method for dogs, 
371 

percussion with a new Instrument. 602 

Australian tiger snake (Noteehls scutatus). 

venom of, coagulant from toxic 
principles of, 45 

Auto-antibodies in serodiagnosis of syphilis. 
720 

Automatic pipette washer and rinser, 381 
quadruple pipetting machine, 211 


B 


Bacilli, acid-fast, technique for detection of. 
531 

Flexner dysentery, isolation of, from fecc.s, 
1081 

Bacillus dysenteriae (Flexner), medium for. 
1359 (Abst.) 

tellurite rosolic acid medium for. 077 
(Abst.) 

sporulating, aerobic, gram-negative, bac- 
teriemia produced by. 11 
Bacteria, production of pyrogen. 009 
Bacterial flora of no.se, 1105 (Abst.) 
Bacteriemia produced by an aerobic gram- 
negative sporulating bacillus. 41 
secondary, septicemia complicated by, 176 
Bacteriologic check on residual dental infec- 
tions, 1154 

■ ' ’ ■ B, 275 (Abst.) 

^ use of thioglycollate 

Bacterium coll anaerogenes .septicemia, 1018 
Balancing rack, liematocrlt tube. 928 
Basal metabolic rates, effect of cigarette 
smoking upon, 787 

metabolism data, variability of, effect of 
operator on, 1328 

Basophilia, diffuse and punctate. 092 
Bottle, suspending, method of. 1330 
Benliold’s test for amyloidosis. 934 
Benzene poi.soning in industi-y, 1.517 
g (3,5 di-iodo-4-hydroxyphenyl) a propionic 
acid. pharmacolog.v of, 1376 
Bile, calcium in, deteriniiiation of, 113 
salts, toxicities and choleretic activities of. 
ISI 

Bilirubin in body fluids, qualitative studies 
of, 1447 
Biliselectan, 1370 

Biochemistry, practical methods in, 1110 (B. 
Eev.) 

Biological diagnosis ot pregnancy, 547 
fluids choline content of, 103 

in, mctli- 
.Abst.) 


Ulcu. iliwk _ ot. 391 

material, aluminum in, 1598 
symposia, 1228 (B. Bey.) 

Bipolar electrodes, shielded. 364 
Biuret method for determination of scrum 
proteins, 840 

"Black line" in hematocrit determinations. 
1034 


Blustoiiiycoide.s histolytica in infectious of 
central nervous system, 53 
Blood. 701 (Abst.) 
bromide determinations, 6S0 
cell, radio-phosphorus on. effects of. 1291 
colts in healthy young infants. 566 (Abst.) 
red, human, in disea.se, t.vpo hemolytic 
leactlons of. .542 

chloride in dlagno.sts of dehydration, 1174 
eitrated, effect on stools, 1491 (Ab.st.) 
clotting, 701 (Ab.st.) 

in circulation studio.s, method for pre- 
venthig, 7.5 

coagulation of. flbrinoly.sis In. 1119 
simple nietliod of timing, 1226 (Abst.) 
cultures in respiratory infections, medium 
tor. 1611 (Abst.) 
diseases of, 981 (B. Rev.) 
donons, response of. to iron, 128 (Abst) 
for transfusion, collection of, 1070 
from ear lobe. 187 

fu.so.splrochetes in, recovery of. 117 (Abst.) 
human, cholesterol and choIe.stcroI ester 
values in. effect of standing on. 1208 
infusion of, via bone marrow. 703 (Abst.) 
in human feces. 1212 
ill lungs of dogs. 1114 

Imiliii in, colorimetric determination of, 115 
iodine. 763 (Abst.) 
fractionation of, 613 

lancet assembled from common laboratory 
accessories, 92 

los.s, rcspon.se of normal subjects to, 567 
(Abst.) 

magnesium in allergic persons. 1367 
of rabbit, nonproteiu nitrogen in. retention 
of, 779 

pattern in diagnosis of malignant disease, 
1522 

peripheral, sulfaguanidlne in. 785 
picture in chlckcnpo.x, 276 (Abst.) 
platelets, method of evaluating. 1069 
polyvinyl alcohol Injections on. effects of, 
1131 

postmortem, dextrose anil nondextrose re- 
ducing substances in. 568 fAbst.) 
potassium, effect of anaphylactic shock up- 
on. 206 


pressure fluctuations in respiratory obstruc- 
tion. 15.36 

in unanesthetized rat, plothysmographio 
method for. 240 

methods, auscultatory, for dogs, 371 
proteins, ailsorption of bioniidcs by, US3 
scrum, acetylcholine o.stei'ase in. 649 
desiccated, 277 (Abst.) 
pyknomoter for, 1096 
specific gravity of, 1 163 
vitamin D in, 557 

".stored,” glucose in preservation of, 129 
(.Abst.) 

stream, multiple invasion of, 173 
surgical teciinique for deviating entire 
urine into, 1,586 

sugar and structure of pancreas of rat. 

influence of a parotid e-xtract on. 


510 

curves, intravenous, measurement of. 491 
.sulfanilamide in, micro test for. 852 (Abst.) 
sulfonamide determination. micromethod 
for. 13.55 

sulfonamides in, metiiod for determining. 


827 


urea, detenuination of. clinical micromethod 
for, 1222 

microniethotl for determination ot, 1222 
velocity. 1611 (Abst.) 

volume produced by diabetic acidosis. 

changes in, 1169 
whole, cholesterol in. 1439 
Bodansky and Fiske-Subbarow metliods, com- 
parison of, for determination of in- 
organic phospliorus, 554 
Bodies, Cabot ring, of erythrocytes. 983 
Body fluids, bilirubin in. 1447 

bromides in. methods for determining. OSO 
shaking machine for. 1082 
trypsin as digestant of. SCO 
Bone marrow, infusions of biood and other 
fluids via. 703 (Abst.) 

Bowel, largo, sulfaguanidine in. 785 
Brain, recovery of rabies virus from, 1263 
Bromide, blood, determinations, 680 
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Bronjldei?, atlisorptlon of, 

Brucella, IlV.f) 

vaccine, ^skin toasts with, 121 1 
Bruceller;;L*n, j?kin tecsUs with, 1211 
Brucclloal arthritis, cluonie. atrophic type 
of. \GS 
Brucellosis, 

Bulb, duodenal, acidity, loOl 


Cabot lin^; bodies of erythrocytes. Objl 
Calcium in bile, determination of, U3 
Calibration curve, .standard, preparation of. 

laOO 
Cancer, 13HS 

magnesium content of blood In. ^ ^ 
Capacity, vital, st\niies in the aged. 

Capillary and venous red blood cell counts, 
comparison of, b'J7 

permeability, effect of histamine phosphate 
on. l.Vit 

in skin of sensitized rabbits, TjOS 
serum, protein content of, l-lm 
Cups, protective, for glass tissue grinders. 
1337 

Carbon dioxide, expo.sing cultures to, 1131 
disulfide poisoning in cats, 1107 (Abst.) 
Cardiac depression by mercurial diuretics, 303 
Cardiospasm, 1G2 
Cardiovascular syphilis, 17 
Carotene, comparative physiologic value of. 
injected. r>02 

parenteral administration of. 50^1 
Castrate men, androgenic and estrogenic .sub- 
stances in urine of. 017 
Cell, blood, effects of radio-phosphorus on, 
1204 

counts, capillarj' soJ venous red blood, in 
patients with pernicious anemia, 037 
Center point, 1000 

Central ner\’ous system, Blastomycoldes his* 
tolytica in infections of, oS 
Centrifugation, tube for, in four-place centri- 
fuge, 232 
Centrifuge. 232 

Cephalin-cholesterol flocculation test, 777 
Cerebral, pulmonary, effect time. 1111 
Cerebrospinal fluid, 410 (Abst) 

Chamber, animal compre.ssion, 237 
Chemical factors of eiythrocyte sedimenta- 
tion, 1310 

.solutions, 1220 (B. Rev.) 
studies in delirium tremens, (13 
Chemistrj', analytical, of industrial poisons. 

hazards and solvents, 1230 (B. Rev.) 
of infectious diseases, 213 
Chemotherapeutic studies of 2-sulfanilyl-3-5 
dihydrothiazole, 1270 

Che.st Lead CF-. P wave in. following spon- 
taneous pneumothorax. 405 
Chickenpox, blood picture in, 270 (Abst) 
Children, acute diarrhea in, 347 
Chloride, blood, in diagnosis of dehydration, 
1174 

Chloroform, emulsification with, extraction of 
proteins by means of, 941 
“Chocolate agar” for isolation of Neisseria 
and hemoglobinophiles, 030 
Choleretic activities of bile salts, ISl 
Cholesterol ester values in human blood. 120S 
in whole blood, serum, or plasma, determi 
nation of, 1439 

spectropbotometric determination of, 1349 
•studies in the aged, 1303 
urinary', determination of, 1093 
Cholestcrol-ccphalin flocculation test. 777 
Choline content of biological fluids, 103 
Choline-esterase, serum, regional and seasonal 
variations in, G40 

Chorio-allantoic membrane of developing hen 
egg, cultivation of Spirochaeta pal 
llda on. 232 

Chromatographic adsorption analysis, 1229 
(B. Rev.) 

Chronic atrophic arthritis, peripheral nerves 
in, 1250 

type of brucellosal arthritis. lOS 
syphilis, serologic diagnosis in histologically 
proved, 13 

Cigarette .smoking, immediate effect of, upon 
basal metabolic rates, 7S7 


CInemicrography, dark-lleid, apparatus foi*. 

11S7 . ififo 

Circulation, renal, effect of pitressiii. on. ii>id 
studies, blood clotting in. method for pre- 
venting, 73 

time, pulmoiiao’ cerebral. 1111 
venous, lesions which interfere wUi], 39b 
Clrciilatoiy* sy.stem, diseases of, j3fi3 
Cirrhosis, hepatic, serum proteins in, 1191 
(Abst.) 
of liver, 1400 

Citrated blood in man. oral administration 
of. 1191 (Abst.) 

Citric acid, deterniJiiation of. 207 
Clinical micromethod for determination oi 
blood urea. 1222 

practice, allergy In, 982 (B. Rev.) 
significance of serum proteins, 1437 
•studies with aid of ratlio-phosphorus, 1294 
use of cephalin-cholesterol flocculation test, 
777 

Clostridium welchii, identification by Naglcr 
reaction, 417 (Abst.) 

Clot retraction time, measuring, 1492 (Abst.) 
Clots, plasma. 1333 

Clotting, blood, in circulation studies, method 
for preventing, 75 

time, relation of, to prothrombin concen- 
tration In human plasma. 197 
Coagulate human plasma, ability of staphy- 
lococci to, CC3 

Coagulation, blood, simple method of timing, 
1220 (Abst.) 

from toxic principles of venom of Austra- 
lian tiger snake (Notechis scutatus), 
4a 

of blood, fibrinolysis In, HID 
time, plasma, 1492 (Abst.) 

CobaltlDitrlte, silver, methc^, adaptation of, 
for potassium to photoelectric col- 
orimeter, 9G0 

Collection of blood for transfusion, 1070 
Color in wax-resln compositions, 1102 
index, hemoglobin-red cell ratio to replace, 
128 (Abst.) 
plate, 272, 1008 

Colorimeter, Evelyn, determination of tr>’psin 
in duodenal contents with. 835 
photoelectric, 1508 

photoelectric, adaptation of Marshall's micro 
sulfonamide method to. 1218 
of silver cobaltinitrite method for po- 
tassium to, 9C0 
direct diazo reaction by, 1447 
phosphorus determination for use with, 
955 

Colorimetric determination of inulin in blood 
an»l urine. 115 

phosphorus determination, 955 
Colorimetry, photoelectric and visual, deter- 
mination of serum proteins as ap- 
plied to, S40 

Colostrum cutaneous test for pregnancy, 1494 
(Abst.) 

Coma, hypoglycemic, temperatures in, statis- 
tical study of, 11 

Comparative effects of propylene glycol and 
some other agents on oxygen con- 
sumption of the organism, 770 
physiologic value of injected carotene and 
vitamin A, 502 
Comparator, 1338 

Complement fixation and agglutination with 
spirochetal antigens in Wassermann 
reaction. 1012 (Abst.) 

Complement-antigen combination for use in 
Kolmer complement fixation test, 97 
Compositions, agar, for molding. 9GG 
\vax-resins, for moulage-making, 1098 
Compounds, sulfonamide, in treatment of pol- 
mice, ineffectiveness oL 

IluO 

Compression chamber, animal, 237 
Concentration ^ of staphylococcus in areas of 
rabbit's skin, 37 

methods demonstration ot tubercle bacilli 
by, factors influencing. 

Congenital absence of gall bladder and cystic 
duct, o94 

^ngo red test for amyloidosis, 1225 (Abst.) 

; Convulsant drag therapy, electrocardiogram 
lng^*r’4D*^ seizures follow- 
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Corn germ sterol, deterioration of, S3 

Coronary artery occlusions, IIS (Abst.) 

Corpuscle, red, life of, 448 

Coryiiebacterium diplitheriae, serological clas- 
siflcatlon of. 13«0 (Abst‘.) 

Cottonseed protein from stomach, absorption 
of, 55 

Counting spermatozoa, method of. GGfl 

Creatinine clearance and urine flow of dog 
during fever. 1300 

Cryptococcus hominis in mice, immunity stud- 
ies of. T51 

Culture, differential, using penicillin, tellurite 
and gentian violet for, 1013 (Abst.) 

Cultures, bacteria, under parallln oil. 1191 
(Abst. ) 

method of exposing to carbon dioxide or 
anaerobic atmospheres in Petri 
dishes. 1431 

Cutaneous diagnosis of gonococcic infections, 
128 (Abst.) 

C.vstic duct, congenital absence of. .594 

Cysts of sesame and peanut oils, absorption 
of stilbestrol and theelin from. 022 


D 

Daily variations in toxicity of neoarspliena- 
mine in rabbits, 71.5 
in white rats, 719 

Dark-fleld cinemicrography. apparatus for. 
1487 

Dehydrating and clearing iron-hematoxylin 
stained fecal smears. 251 
Dehydration, diagnosis of, value of blood 
chloride and sodium in. 1174 
in embalmed .specimens exposed to air. 1078 
Delayed typing of pneumococcu.s, ,805 
Delirium tremens, cliemical studies in. 03 
Delivery, bilirubin values and protlirombin in 
umbilical arter.v and vein at. 1227 
(Abst.) 

Demonstration of tubercle bacilli by concen- 
tration metliods, factors influencing. 
84 

Dental Infections, residual, bacteriologlc check 
on. 1154 

Dermatology, introduction to. 1229 (B. Rew) 
"Desensitizing” doses of prostigmine, treat- 
ment of severe periodic headache.s 
with. 1.54G 

Desiccated plasma for national defense. 812 
Desiccator, “lyophile,” 799 
Desoxycorticosteroiie acetate in Addison's dis- 
ease, 1117 

syndrome simulating diabetes insipidus in 
dogs induced by. 1009 

Destruction of human leucocytes, toxicity of 
antiseptics measured by. 1432 
Detection of abscesses and tumors, studies on. 
50 

Detergent in solubility tests for idcntiflcatioii 
of pneumococci. 1591 
Deterioration of corn germ sterol. S3 
Device for protection of thermostats in water 
baths, 707 

Dextrose, hypertonic solution of. intravenous 
injections of, in rabbit. 779 
in postmortem blood, 5GS (Abst.) 

Diabetes insipidus, syndrome simulating, in 
dogs induced by desoxycorticosterone 
acetate. 1009 

Diabetic acidosis, blood volume produced by. 
changes in. 11G9 

Diagnosis, biological, of pregnancy, 547 
of intestinal parasites, food remnants as 
cause of confusion in, 1030 

19 

al chronic 

Diagnostic bacteriology, use of thioglycollate 
medium in. 071 

mirrors, antifogging effect of soap on. 798 
1109 (B. Rev.) 
test in. 347 

Digestanr of sputum, ’ trypsin as. SOfl 
Digestion, amylase on, supplemental, effect of. 
308 ^ , 

procedure for microgasometrie determination 
of nitrogen. Hengar selenized gran- 
ules in, 2G0 


Digestive mixture for protein determinations, 
uso ot, 1444 

system, diseases of, 1108 (B. Rev.) 
Dihydrotachysterol in parathyroprivic tetany, 
u.se ot, 497 

p (3. 5 di-iodo-4-hy<lroxyphenyl) a propionic 
acid, pharmacology, 1370 
Diphtheria, antibacterial property in, 1491 
(Abst.) 

tellurite test for, 702 (Abst.) 

Disease, Addison’s, deso.xycorticosterone ace- 
tate and sodium in. 1117 
Hodgkin's, sedimentation rate in, 1200 
human red blood cells in, type hemolytic 
reactions of, .542 

malignant, blood pattern In diagnosis of, 
1.522 

peripheral vascular, vasodilatation tests in. 
878 

serum magnesium in. variations in. 1301 
Diseases, acetylcholine esterase in blood serum 
of patients with, (i-49 
infectious, chemistry of, 213 
of blood. 981 (B. Rev.) 
of digestive system, llOS (B. Rev.) 
of eye. lias (B. Rev.) 
of liver and gall bladder, 1371 
Dithizone metliod, aid in. 2G9 
Diuresis, use of sucrose-Ringer’s solution to 
produce. GOG 

Diuretics, mercurial, cardiac depression by, 
30.'! 

Dog, creatinine clearance and urine flow of. 
during fever, 1300 
effect of pitressln on. 1015 
Dogs, blood pressure methods for, 371 
lungs ot. amount of plasma and whole blood 
in, 1114 

serum choline-esterase of. variations in, 040 
syndrome simulating diabetes insipidus in, 
1009 

Do.sage-mortality ratio of pentothal sodium 
with sulfanilamide, 749 
Doucil, removal of interfering substances by, 
1142 

Drawings, water color, for screen projection, 
271 

Drip method, intravenou.s. 12GS 
Drop recorder. Hanike-Oibbs, modifleatiou of, 
802 

Drug therapy, convulsant, electrocardiogram 
in epilepsy and in seizures follow- 
ing, 1249 

Drying .seiaim, method and procedure for, aoS 
Duodenal bulb acidity in fasting normal 
people. 1501 

contents, trypsin in, 835 
Duponol WA (flakes), 1591 
Dysentery bacilli, Flexner, isolation of, from 
feces. 1081 


E 

Eagle flocculation test, antigen for. GCO 
Ear lobe, blood from. 4ST 
Effect time, pulmonary cerebr.al, 1111 
Egg, hen. chorio-allantoic membrane of de- 
veloping, Spirochaeta pallida on, -3- 
yolk, production of diffuse and punctate 
basophilia with, 993 

Electrocardiogram in epilepsy following con- 
vulsant drug therapy, 1249 
in seizures following convulsant drug ther- 
apy, 1249 

Electrocardiographic “anagr.ams,” 1003 
changes in malignant hypertension, 1456 
Electrocardiography, essentials of. 1109 (B. 

Rev.) 

method of teaching. 10G3 
Electrodes, bipolar, 304 
scalp, 1344 

Electroencephalograpliy, application of scalp 

electrodes in, 1344 . 

Electropyrexia, treatme 13o 

Embalmed specimens, . 

Emulsification with ch “ 

proteins by means of. 941 
adaches. 150 

of. 278 (B. Rev.) 
.... . )llen antigen, 32S 
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Knzymca', 2in , , , 

Eosinate, mothyluuo blue, polycliromo. m . 
EosiivopliWia. exwcmi;, US (.Vbst.) 
ErytbroblasUc leucumia, alili (Abat.) 
Erytbrocvte tiagllity cliaiisfs proilucod by 
sulfanilamide. US (Ab.st.) 
human, surface area of. l-aU 
mature, structure of, 1>''1I 

.sedimentation, equipment for measurliij,. 
lUO 

measurement of. tU_0 

phenomenon of. llilT ... , 

anticoasulatlon as technical source of 
variations, laiiil 

Erytlirocytes. Cabot ring- bodie.s of, 9S3 


human, !t!U ... , 

of citrated human blood, survival time of. 
120 (Abst.) 

E.sophagus, ab.sorption from, ol 
E.s.sentials of electrocardiography. 1100 (B. 

Rev.) 

of endocrinology. 27S (B. Rev.) 

Ester, chole.sterol, in human blood, effect of 
standing on. 120.S 

Esterase, acetylcholine, in blood serum, 040^ 
Estrogenic substances in urine of eunuchoid 
and castrate men, 017 
Eunuchoid men. androgenic and estrogenic 
substances in urine of. 017 
European mountain ash berry, investigations 
on extract of. &07 

Evelyn colorimeter, determination of trypsin 
in duodenal contents with, S3.) 

Photoelectric, detennination of aluminum 
„ with. loOS 

Experimental animals, anesthesia for abdom- 
inal surgeo' in. 1109 
asthma, 310 

hypertension, and indirect determination of 
systolic arterial pressure in rats. 
U02 

polycythemia, recovery from. S74 
production of hypoalbuminemia by fasting. 
US3 

study of lymphocytic response in thyrotoxi- 
cosis. 1 

Experimentally induced hematopoiesis in ane- 
mic rabbits. SOO 

Exposure time in photomicrography, deter- 
min-ation of, Sdii 

Extract of European mountain ash berry, 
investigations on, SOT 

splenic, effect of. from cases of essential 
thrombocytopenic purpura on rab- 
bits. 754 

Extraction of proteins from aqueous solution. 


Eye, diseases of. 1108 (B. Rev.) 

Eyeglasses, antitogging effect of soap on, 70S 


F 

Face, agar mold for. 972 

Facial prostheses, application and wearing of. 
123 

Factors influencing IVeltmann serum coagula- 
tion reaction. 301, 

Fasting, experimental production of hypoal- 
buminemia by. 11S3 

normal people, duodenal bulb acidity in, 
1501 

Fatigue, vitamin B complex on recovery from, 
influence of, 1390 

Fecal smears, iron-hematoxylin stained, 254 
Feces, Flexner dy.sentery bacilli from. Isola- 
tion of. 10.81 

human, blocxl in. quantitative determination 
of. 1212 

Feeding device, mechanical, 031 
Ferrihemochromogen. in.sulin, 774 
Fever, creatinine clear.ance and urine flow of 
dog during. 1300 

therapeutic. pla.sma protein.s in. 10.51 
therapy. phy.sioIogic .studie.s during, 1135 
Fibrinogen in healthy individual.s. 471 
Fibrinoly.sis in coagulation of blood. 1119 
Fibroblast in vitro, effect of lowered temper- 
atures upon growth of. 400 
Filter. Keliz. pre.ssure. for laboratory use. 79 
Fi.-ke-Subbarow and Bodan.sky method.^, com- 
p.arl--on of. for determination of in- 
organic pho.sphoru.s, .7.51 


Fixation, formaldehyde, mea.surement of, OUti 
meter, 007 

Flexner ily.-ientery bacilli, isolation of, from 
teccs, lOSl 

Flocculation te.st, cephalln-cholesterol, 777 
Eagle, antigen for. 000 

Flora, vaginal. In children, 1107 (Abst.) 

Fluctuations, blood pressure, in respiratory 
obstruction, 1530 

Fluid, pipetting machine for delivery of, 211 

Fluids, biological, choline content of, 103 

e.stiinatlon of .sulfanilamide and .sulfapy- 
ridlne In. 1)78 (Abst.) 
bodv. bilirubin in, 1}47 

method of e.xamlning, 507 (Abst.) 
tryjisin as dige.stant of. SOO 
intravenou.s, temperature .studies on, 1104 

Fluorescein method. 1011 (Abst.) 

Fluore.sc'ence microscopy detection of tubercle 
bacilli by, 271 (Abst.) 
demonstration of tubercle bacilli by. 410 
(Abst.) 

simpliflcatlon of, ISS 

phenomena, kodaebrome photography of, 
1000 

P’luore.scent screen, light-producing pow-er of. 
407 

staining technique for detection of acid- 
fast bacilli, 531 

Fluorograpliy. 309 

Food, the American and his, llf/J (B, Rev.) 
remnants In diagnosis of intestinal para- 
sites, 1030 

Forensic medicine. 50S (Abst.) 

Formaldehyde fixation, measurement of, 000 
suUoxylate, sodium, treatment of niercuo' 
poisoning with, 13S7 

Formalln-fi.xed thssues, staining technique for. 
1342 


Formol-gel test in rheumatic fever, 1220 
(Abst.) 

Formulary. L'niversity of California Hospital. 
1109 (B. Rev.) 

Fractionation of blood iodine. 043 

Frog Itidney, effect of pitressin on, 1013 

Frozen and paraffin method, combined, for 
rapid sections. 1014 (Abst.) 
sections, staining method for gram-positive 
and gram-negative organisms in. 077 
(Abst.) 

"Frozen” plungers, removing, by hydraulic 
pressure method. 1013 (Abst.) 

Funnels, separatory, mechanical shaker for 
209 

Fusospirochetal angina, mouth spirochetes 
from, 1473 

Fusospirochetosis, 417 (Abst.) 


G 


Gall bladder, congenital absence of. 594 
Gastric analysis, use of Topfer’s reagent in. 

digestion, effect of taka-dlastase on 309 
Gastro-enteritis. acute, 34,8 ' 

Genital functions and their hormonal regula- 
tion. 278 (B. Rev.) ^ 

Gentian violet. 1013 (Abst.) 

Georges Hayem. .855 

Gibbs-Hanike drop recorder, modification of. 


Glacial acetic acid method for Cabot 
bodies in erythrocytes. 990 
Gland, harderian. 1495 
Glass tissue_ grinders, protective caps 
13.37 


ring 

for. 


uiuuuiiu in neanny individuals 471 
Glomerular circulation in frog kidney effr-rt 
of pitre.ssin on. 101.3 

Glucose, ^travenousiy miected. assimilation 

Glycerinated red blooij cells, laking of bv 
physiologic salt solution. 2.53 
Glycol, propylene, comparative effects of 770 
Gonococci.^ ^so^tion and identification of." 270 

GonococcicVfections. cutaneous diagnosis of. 

Gonococcus, preseri-ation of, 129 (Abut \ 
Gonorrhea of anal canal, sulfaniiamide for 
treatment of. 1040 
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Gononheal urethritis in male, treatment of. 
1001 

Gout, sedimentation rate in. 725 

Gram-nesative sporulatiiiff bacillus, aerobic, 
bacterieniia produced by. 41 

Grinders, tissue. 1337 

Growth of flbroblast in vitro, effect of lowered 
temperatures .upon. 400 

•Guinea pigs, mouth spirochetes in exudate 
from. 147.5 

protection against histamine and anaphy- 
lactic shock in. 337 

.systemic histoplasmosis produced in. 410 


Hair, tensye strength of. 235 
Hanlke-Gilms drop recorder, modification of. 
802 

Harderiaii gland ablation, prevention of por- 
phyrin incrustations on pantothenic 
acid-deficient rats. 1405 
Hawaiian Islands, hematologic values for 
normal healthy men. 1231 
Hayem. Georges. 833 
Headaches, endocrine aspects of. 1.10 
periodic, severe, treatment of, 131(i 
Healthy individuals, plasma albumin, globulin. 

and fibrinogen in, 471 
Heart records, stethoscoplc. OSl (B. Rev.) 
Hematocrit determinations, “black line" in. 
1084 

tube balancing rack, 92S 
Hematologic values for normal healthy young 
men. 1231 

Hematology, father of. SoO 
Hematopoiesis in anemic rabbits. SflO 
Hematopoietic organs of rabbits, effect of 
splenic e.xtracts from cases of es- 
sential thrombocytopenic purpura on. 
7o4 

Hemoglobin determinations In patients with 
pernicious anemia, 937 

Hemoglobin-red cell ratio to replace color 
index. 128 (Abst.) 

Hemoglobinometry, 1358 (Abst.) 
Hemoglobinophlles, isolation of, fioG 
Hemolytic reactions, type, of human led blood 
cells in disease, .542 
Hemophilia, diagnosis of, 128 (.Vbst.) 
Hemophilus pertussis. .851 (Abst.) 

Hemorrhagic chicks, effect on coagulation 
time in, .897 

Hemosiderin, Perls's reaction for, in tissues. 
1014 (Abst.) 

Hemostatic, rabbit thrombin as. use of. 704 
(Abst.) 

Hengar selenized granules, use of, 200 
Heparin, assay of. 820 
Hepatic deficiency, 1493 (Abst.) 

Hinton tests, evaluation of Laughlon test 
based on, 374 

Hippuric acid from urine, added salts on 
recovery of, effect of. 108 
liver function test, 1593 
test in hepatic deficiency, 1493 (Abst.) 
Histaminase, G2.8. 033 

anaphylactic shock in guinea pigs by. pro- 
tection against, 337 
laboratory studies. 028 
treatment of asthma with, 319 

by intramuscular injection, results of, 035 
Histamine asthma, 323 
headaches, 1540 

phosphate, effect of, on capillary peniiea- 
bility and inflammation. 15.54 
protection against, in guinea pigs by his- 
taminase. 337 

trypan blue in areas of skin injected with. 
1550 

Histologically proved chronic syphilis, sero- 
logic diagnosis, 15 
Histoplasmosis, systemic, 419 
Hodgkin’s disease, sedimentation rate in. 1200 
Homogenization, shaking sputums and body 
fluids during. 1582 

Hormonal regulation, genital functions and 
their. 278 (B. Rev.) 

Hormones, anesthetic steroid, and penta- 
methylenetetrazol, antagonism b e- 
tween, 1051 


Human belng.s, serum choline-esterase of, 
variations In, dlO 
erythrocyte, surface area of. 1280 
feces, blood in, 1212 

plasma, ability of staphylococci to coagulate, 
003 

Hydraulic pressure method, removing "frozen" 
plungers by, 1013 (Abst.) 

Hydrolysates, protein, peptone in. 200 

Hyperplasia, lipomelanotic reticular, of lymph 
nodes. 343 

Hypertension, experimental, in rats, 1192 
malignant, electrocardiographic changes in, 
11.50 

Hypoalbumlnernla by fasting, production of. 
1183 

Hypoglycemic coma, temperatures in. 11 

Hypoprothrombinemla in peinicions anemia, 
1220 (Abst.) 

Hypothyroidism, findings in patients with, 043 


I 


Iilentllicatlon of pneumococci. 1.591 
Imbeddiiig purposes, preparing paraflln for. 
932 

Immunity against animal parasites. 1110 (B. 
Rev.) 

studies of Cryptococcus hoinini.s (Torul.a 
histolytic.a) in mice, 751 
Immunology, 982 (B. Rev.) 

Inanimate object, agar mold for. 909 
Iiido.vyl compounds in urine, quantitative 
determination of. 919 

Industrial poisons, hazards and solvents, ana- 
lytical chemistry of. 1230 (B. Rev.) 
Industry, benzene poisoning in, 1517 
Infant nutrition. 1108 (B. Rev.) 

Infants, acute diarrhea In, 347 
blood cells in. 500 (Abst.) 

Infections, dental, residual, bacteriologic cbeck 
on, 11,54 

streptococcus, sulfonamide tlicrapy of, 1208 
Infectious diseases, clieiuistry of. 213 
lympliocytosls, 275 (Abst.) 
mononucleosis. 417 (Abst.) 

Inflammation, effect of histamine pliosphate 
on. 15.54 

Ingestion of large doses of vitamin D. 35i 
Injections, intravenous, of hypertonic solution 
of dextrose in rabbit. 779 
polyvinyl alcoliol, on blood and tissues, 1131 
Inoculation, intranasal, of mice, micropipette 
for. 1197 

Inorganic phosphorus, determination of, com- 
parison of methods for, 554 
Insulin ferrihemocliromogen, 774 
Intestinal parasites, diagnosis of, food rem- 
nants as cause of confusion in. 1030 
vascular sclerosis. 570 

Intramuscular administration of sodium sul- 
fapyridine to children. 712 
pressure, apparatus for measurement of. 
1339 . 

Intranasal Inoculation of mice, micropipette 
for, 1197 

Intraperitoneal drip of anesthesia for abdom- 
inal surgery in animals. 11.99 
Intravenous administration of oxygen, 223 
of phosphate solution in normal rabbits, 
OS 


blood sugar curves, 491 

drip method, sulfonamide therapy of strep- 
tococcus infections by, 12G8 
fluids, temperature studies on. 1104 
injections of hypertonic solution of dextrose 
in rabbit, 779 

use of sucrose-Ringer’s solution to produce 
maximal diuresis, 000 

Introduction to dermatology, 1228 (B. Rev.) 
Tnuliii in blood and urine, 115 
Inverted microscope, improvised, 809 
Iodine allergy. 1150 
blood, 703 (Abst.) 
fractionation of, 043 

Iron, response of blood donors to, 128 (Abst.) 
Iron-hematoxylin stained fecal smears, de- 
hydrating and clearing. 2.54 
Isolation of Flexiier dysentery bacilli from 
feces. lOSl 

of Neisseria and heiiiogobinophiIe.s. 050 
Item, meeting of scientific photographers, 135i 
urology award, 418 
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.1 

Jaiimlico, nonpiotoin nitioBon in. 271 (Ab.st.) 


K 

Kahu verillcation tost, 1105 (Abst.) 
Kodaclironio pliotograpliy o f tlnorosccncc 
phoiionioii.i, lOOli 

Koliiior copiploinoiit fixation tost, comiiioinent- 
antlijou combination for use in, .ii 


L 

I,.abor.atory accossorio.s, biood lanco't assein- 
bloil from, !)2 
shaking' macliino. l:i:li) 
uso, pressure Seitz lllter for. lO 
Lactobacillus casei. nilcrobloioBtcal assay 
methoil for six B vitamins usinfe'. 
lOSi) , , 

Lakins of glycorinated red blood cells by 
physiologic salt solution. 25:1 
Lancet, blood, assembled from common labo- 
ratory accessories, 02 

Larvae, Trichinella .spiralis, in tissues. 13S1 
Izrughlen test for sypiiili.s, 77. 371 
LecitUinized venom on prothrombin clotting 
time. S30 

Lecture on spirochetes. 1170 
Leptospira biflexa. IISO 
canlcola. IISI 
icterohaemorrhagiae. IISO 
Lesions, malignant, multiple primary, aSk^ 
in man. Treponema pallidum from, link 
in superior mediastinum, 90S 
Leucemia, erythroblastic, GOO (Abst.) 

Leucemold reaction. 139 

Leucocytes, human, destruction of, toxicity of 
anti-septics measured by. 1132 
Leucocytosis IIS (Abst.) I 

Lewis. Dean De 7\'itt. In memoriain, Decem- 
ber. 1911 

Life of red corpuscle. IIS 
Lipomelanotld reticular hyperplasia of lymph 
nodes. 313 

Liver, cirrhosis of. 1100 
hippuric acid, function test. 1593 
Lobar pneumonia, .soilium sulfapyridine mono- 
hydrate in treatment of. 113 
Local rigidity of abdominal wall, demonstra- 
tion of. 1122 

Localization and concentration of staphy- 
lococcus antitoxin in areas of rab- 
bit's skin. 37 

Lung abscess, postoperative, 1510 
Lungs of dogs, plasma and whole blood in, 
1114 

nonsilicotic. silicon in. 1023 
primaiy amyloidosis of, SS2 
Lymph nodes, lipomelanotic reticular hyper- 
plasia of, 313 

Lymphatic-s, lymph, and lymphoid tissue, 122S 
(B. Rev.) 

Lymphocytic response in thyrotoxicosis, study 
of. 1 

Lymphocytosis, infectious. 275 (Abst.) 
Lymphoid tussue, Ij-mphatics, lymph and. 122S 
(B. Rev.) 

"Lyophile" desiccator for small laboratories. 
790 


51achine, shaking, for sputums and body 
iluids, 15S2 
laboratory, 1330 

Magne.slum. blood, in allergic persons, J.3C7 
.serum, in health and di.sea.se, variations in. 
1301 

vari,ations of, CIO 

Malignant dl.scase. blood pattern in diagnosis 
of. 1.522 

hyperten.sion. electrocardiographic changes 
in. 1150 

le.^ion.^, multiple primary, .5kS 

Mallory'.s pho.sphotungstic acid-hematoxylin 
.'^taln for fonnaldehyde-tlxed ti.«sues 
701 (Abst.) 

M.alnouri.-hed per..‘on.s with pellagra .and pe- 
ripheral neuritis, effect of yeast and 
mu.scle adenylic acid in, .527 


Miindolhaum’.s inclliod, modlllcatioii of. for 
examining body Iluids. .507 (Abst.) 
.Manipulator, mechanical, for small plpcttc.s, 
1351 


3(antou.x test, 332 

Manual of neurobi.Htologic tcchiilfiuc, 1220 (B. 
Rev.) 

Marcli of meillcine, 1109 (B. Rov.) 

Marking Holds on microscope sllde.s, device 

. for, 939 

Marrow, sternal, 410 (Abst.) 

Mar.sliall’.s micro sulfonamide nietlioil, adap- 
tation of. to pliotoelectrlc colorime- 
ter. 121S 

.Ma.s.s production methods ba.sed on Adtevac 
process. SI 2 

McClure--Vldrlcli test, S51 (Ab.st.) 

-Meals, test, use of Topfer’s reagent in ga.stric 
analysis after. 111 

Measurement of formaldehyde fixation, 000 
of intramuscular and venous pre.ssure, 13.'!!) 
of intravenous blood sugar curves. 491 
Meclianlcal feeding device, 931 

manipulator for small pipettes, 13.54 
shaker for separatory funnels. 2«9 
Mediastinal obsti-uctlon. .symptoms of. 910 
Mediastinum, .superior, lesions in. 90S 
Medical illustration, 123, 271, 399, 84C. OCO. 
109S. 1470, 1000 

Medicine, advancing front of, 9S1 (B. Rev.) 
march of, 1109 (B, Rev.) 
physical, 1110 (B, Rev.) 

Medium for blood culture.s in respiratory in- 
fections, Kill (.Abst.) 

for microbiological assay method, for B 
\ltamins. lOSii 
thioglycoilate. use of. G71 
Wilson and Blair, 1359 (Abst.) 

Melanuria. studies on, I1S7 
Meningococci, isolation and identification of. 
270 (.Abst.) 

Menopause arthralgia, 297 
Mercupurin, 305 

Mercurial diuretics, cardiac depre.s.sion by 
303 

Mercuric chloriile. 305 
oxide, Xessler’s reagent by use of, iis 
Mercurou,s chloride, 300 

Mercury poisoning, acute, treatment of 13ST 
vacuum release, 1200 

Mester’s te.st for rheumatoid arthritis and 
spondylitis rhizomelique, SI 
Metabolic rates, basal, effect of cigarette 
smoking upon. 7S7 gareite 

Metabolism, basal, data, variability of, 1328 
Method for exposing cultures to carbon dioxide 
or anaerobic atmospheres in Petri 
dishes, 1431 

of dehydrating and clearing iron-hematoxy- 
lin stained fecal smears. 254 
plethysmographic. for determining blood 
pressure in unanesthetized rat ^-io 
Methylene blue eosinate, polychrome 55^ 
Metrazol and anesthetic steroid hormones 
antagonism between. 1051 
Mice, Cn-’ptococcus hominis in, immunitv 
studies of, 751- 

intranasal inoculation of, micropipette for 

llOi * 


puiioiujenus oi, suitonamide compounds in 
treatment of, ineffectiveness of llGG 
Microbiolo^cal assay method for six B'vita 
mins, lose 

Microcentrifu^e shields, adapter for 
Mlcrogasometric determination of ' nitroeen 
digestion procedure for. 2CG ^ ' 

Micromethod for blood sulfonamide determine 
tion, 1355 Livtciimna- 

for determination of blood urea 3000 
of Weltmann reaction, * 

Micropipette, quantiUtive, for intranasal in- 

Microscope, inverted, improvised, SCO 
slides, device for marking fields on rm 
3Ucro2jCop^c^ e-^_minatIon, preparing * tissues 

.earch for bodfe. error i„ diagnosis 

Microsedimentation rate. 353 
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iXicrosulfoiiamide method. Jlarshall’s, adap- 
tation of, to pliotoelectric colorime- 
ter. 121S 

Migraine headaches, 1540 

Mirrors, diagnostic, antitogging effect of soap 
on, 79S 

Jlixture, digestive, for protein determinations, 
use of, 1444 

Modification of Hanike-Gibbs drop recorder. 
802 

Molding, agar compositions for. 900 
Monoethanolamine, 580 
Monolate, 580 

Mononucleosis, infectious, 417 (Abst.) 
Moulage-making, wax-resin compo.sitions for. 
1098 

ilountain ash beriT, European, investigatlon.s 
on extract of, S97 
ilouth spirochetes. 1473 
Multiple invasion of blood stream, 173 
primary malignant lesions, .588 
serum allergy in atopic individuals, 1ST 
tissue washer and processing assembly. 073 
Muscle adenylic acid, effect of. in malnour- 
ished persons with pellagra and 
peripheral neuritis. 527 

Jluscles, skeletal, Tricliinella spiralis larvae 
in tissues other than. 1384 
Muscular weakness, relief of, by pyridoxine 
hydrochloride, 703 
Mycologie studies. 428 

Myocardial damage and electrocardiograplric 
changes, 1159 


N 


Nagler reaction, identification of Ci. welchii 
by. 417 (Abst.) 

X'ational defense, desiccated plasma for. 812 
Negri bodies, microscopic seaiclt for, error in 
diagnosis of rabies by, 71 
Neisseria, isolation of, 050 
Nelson and Terry techniciues, 537 
Neoarspheuaniine in rabbits, variations in 
toxicity of, 713 

in white rats, variations in toxicity of, 719 
Neoprontosil, to.xicity of, 1208. 1271 
Nephrotic syndrome, acacia in treatment of. 

567 (Abst.), SDl (Abst.) 

Nerves, peripheral, in chronic atrophic ar- 
thritis. 1250 

Nervous pathways, principal, 1109 (B. Rev.) 

system, diseases of. 1308 
Nesslerized solutions, stablizing agent for. 
391 

Nessler's reagent by use of mercuric oxide. 
118 

solution, decomposition of. 113 
Neuritis, peripheral, malnourished persons 
with. 527 

Neurohistologic technique, manual of. 1229 (B, 
Rev.) 

Neuropathologic changes in experimental car- 
bon disulfide poisoning in cats, 1107 
(Abst.) 

Nitrite, amyl, pulmonary cerebral effect time 
as determined by, 1111 
Nitrogen, microgasometric determination of. 
digestion procedure for. 260 
nonprotein, in blood of rabbit, retention of. 


779 

rise of. In jaundice, 274 (Abst.) 

Nodules, silicon in relation to. 1023 
Nomogram of Van Slyke urea clearance test. 
264 


Nonprotein nitrogen ni blood of rabbit follow- 
ing injections of hjTJertonic solution 
of dextrose, retention of. 779 


Nonsilicotic lungs, silicon in, 1023 

Normal healthy men. liematologic values for. 


Nose, bacterial flora of. 1105 (Abst.) 

Notechis seutatus. Australian tiger snake, 
venom of. toxic principles of, 45 


Nutrition, art and science of. 1108 <B. Rev.) 
infant, llOS (B. Rev.) 


O 

Obstruction, respiratory, blood pressure fluc- 
tuations in, 1536 

Onerator, effect of, on variability of basal 
metabolism data. 1328 


Opsonocytopiiagic tests, 1259 

test in acute diarrlica in infants and chil- 
dren. 347 
tests, 1239 

Oral administration of sulfaguauldine, 7S5 
ascorbic acid tolerance test. .518 
cavity, pathology of, 1110 (B. Rev.) 

Organism, o.xygen consumption of, compara- 
tive effects of propylene glycol on, 
770 

Origin and nature of Cabot ring bodie.s of 
erythrocytes. 9S3 

Oscillometry, 22 

O.xidation test in serum, direct diazo reaction 
by. 1447 

Oxygen analyzer for oxygen tents. 1346 
consumption of organism, comparative ef- 
fects of propylene gl.vcol on, 779 
intravenous administration of. 223 
tents, analyzer for. 1346 


P 

Pain, sensitivity to, determination of. 24S 
Pancreas, structure of, ami blood sugar of 
rat. influence of parotid extract on. 
310 

Pantotlienic acid-deficient rats, prophyriii in- 
crustations on. prevention of, 1495 
Parallln for imbedding purposes, preparing. 
932 

oil. bacteria cultures under. 1491 (Abst.) 
sections, apparatus facilitating preparation 
of tissues for. 673 

Parasites, animal, immunity against, 1110 (B. 
Rev.) 

intestinal, diagnosis of, food remnants in, 
1036 

Parasitic spirochetes, 1470 
Paratliyi-oprivlc tetany, use of dihydrotaciiy- 
sterol in, 497 

Parotid extract. Influence of, on blood sugar 
and structure of pancreas of rat. 
510 

Patiiogenlc spirochetes, 1470 
Patliologic patients, serum magnesium In. 
variations of. 016 

tissue changes produced by suifatlilazole 
and sulfathiazoline in rabbits, 1043 
Pathology of atrophic arthritis, 435 
of oral cavity, 1110 (B. Rev.) 

Peanut oils, cysts of, absorption of. stilbestrol 
and theeliu from, 622 
Pellagra, malnourished persons witli, 527 
Penicillin, 1613 (Abst.) 

Pentamethylenetetrazol and anesthetic steroid 
hormones, antagonism between, 1051 
Pentothal, sodium, anesthesia, for abdominal 
surgery in animals, 1190 
with sulfanilamide, dosage-mortality ratio 
of. 749 

Peptone in protein hydrolysates and amino 
aeid mixtures. 260 

Perchlor.ate method for determining concen- 
tration of alcohol, 1225 (Abst.) 
Percussion with a new instruraent, 602 
Percutaneous potency of progesterone, 746 
Perineum, rubber. 1429 

Periodic headaches, severe, treatment of, 1546 
Peripheral arterial obstruction, diagnosis of. 
19 

blood, concentration of sulfaguanidine in. 
7,S5 

nerves in chronic atrophic artliritis. 1256 
neuritis, malnourished persons witli. 527 
vascular disease, vasodilatation tests in. 
S7S . 

Perls's reaction for hemosiderin, in tissues, 
1014 (Abst.) 

Permeability, capillary, effect of histamine 
phosphate on. 1554 
in skin of sensitized rabbits, 598 
Pernicious anemia, patients with, under treat- 
ment. red blood cell counts and 
hemoglobin determinations in, 937 
Pertussis antibodies, slide agglutination in 
detecting, 792 
hemophilus, 851 (Abst.) 

Petri dishes, anaerobic atmospheres in, ex- 
posing cultures to, 1431 
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Pluirmacoloj^v* of P (3, .1 <li-lo<lo-l-hy«lrox>- 
phouyl) a phenyl propionic uchl, 

of thynioxyethyidiothylainine, 2.S0 
Pho5phate, histamine, effect of. on capillary 
permeability. irKVI 

solution in normal rabbits. Intravenous aJ- 
mlnlatratlon of, (>S 

Phosphorus (letermlnation, colorimetric, 055 

Inorganic. Jelermlnation of. comparison of 
methods for, 551 

spectrophotometric determination of, 1310 
Photoelectric colorimeter, adaptation of Mar- 
slmll’s micro sulfonamide method 
to. 121S 

colorimetric phosphorus determination for 
use with, 055 

direct diazo reaction by, 14-47 

Evelyn, determination of aluminum with, 

i.'.ns 

colorimetrj*. S40 

Photographers, scientific, meeting of. 135< 

Photography, kodachrome, o f fluorescence 
phenomena, lilOd 

Photomicrography. 122S (B. Rev.) 

exposure time in, method for aetemiinatlon 
of. &4d 

Physical and chemical properties of sputum. 


(ADSl-J 

factors of erythrocyte sedimentation. 131S 
medicine, 1110 (B. Rev.) 

Physician, social revolution and. 279 

Physiologic saline injected intravenously, 157 
studies during fever therapy, 1135 
value of injected carotene and vitamin A. 
502 

Physiological factors of er>'throcyte serlinien- 
tation. 1320 

Pipette washer and rinser, automatic. 3-Sl 

Pipettes, mechanical manipulator for, 1354 
specific gravity, 095 

Pipetting machine, automatic ffuadruple, 244 

Pitressin. effect of. on renal circulation and 
urine secretion. 1013 

Plasma albumin in healthy individuals, 471 
amino acid levels. 1494 (Abst.) 
cholesterol in. 1430 ^ 

clots, tensile strength and stretch of, 1333 
coagulation time, 1492 (Abst.) 
desiccated, for national defense. S12 
human, ability of staphylococci to coagulate. 


003 

relation of clotting time to prothrombin 
concentration, 107 
hypertonic, S1.3 
in lungs of dogs, 1144 
proteins and cirrhosis of liver. 1400 
in therapeutic fever. 1054 
method for estimating. 701 (Abst.) 
relationship of, to corrected sedimenta- 
tion rate. 1072 
prothrombin. 1494 (Abst.) 

Plaster method, clo.sed. .specimens from 
wounds treated by, 275 (Abst.) 

Piatelet factors, quantitative and qualitative, 
estimation of, 255 

Platelets. blocKl. method of evaluating, 1009 
of rabbits, effect of splenic e.xtracts from 
ca.ses of essential thrombocytopenic 
purpura on, 754 

Piethysmographic method for determining 
blood pressure i n unanesthetized 
rat. 240 


Pleural shock — a refiex. 14S 
Pleximeter, r>f).3 

Pneumococci, identification of, detergent in 
.solubility tests for. 1.501 
aen.sitivlty of, to sulfapyridine. 127 (Abst.) 
Pneumococcus, delayed typing of. S05 
infected dog sera, polarographic studies of. 
213 


Pneumonia, lobar, sorlium sulfapyridine mono- 
hydrate in treatment of. 443 


Pneumothorax, spontaneous. P wave in chest 
Lead CP: following, 4fl5 
Poisoning, henz^ine, in industry, 1.717 
mercury, acute, treatment of. 1.3>7 
Polarographic «tu»Iif:s of behavior of normal 
and pneumococcus Infected dog sera. 


Polioniyelitl.s of mice, Inoffcctlvene.-.H of .sul- 
fon.'inildc In treatment of, 

Pollen :inti>;en, enteral absorption of, 328 
Polychrome methylene blue eoslnate, 002 
Polycyte. hilO 

Polycythemia, experimental, recovery from. 
871 

Polyvinyl alcohol Injections on blood ami 
tissues, effects of, 1131 
Porphyrin incrustations on pantothenic aciil- 
(leflclent raLs, prevention of. 110.1 
Postoper.ative lung absce.ss. acute. 1.710 
Potas-sium. blooil. effect of anaphylactic .shock 
upon. 200 

Potency, percutaneous, of proge.sterone. 740 
Practical metlioOs in biochemistry. 1110 (B, 
P.ev.) 

Pregnancy, biological tjiagno-sis of. 317 
colostrum cutaneous test for. 1491 f.Vb.st.) 
Pre-ssure Seitz Alter for laboratory u.=e. 79 
Primary amylol(lo.sls of lungs. 882 
m.align.ant lesions, multiple. ;>5.S 
Prlncip.al nervous pathway.?. 1109 (B. Rev.) 
Prloilox. 1370 

Procedures and reagent.?, diagnostic, 1109 (B. 
Rev.) 

Proce-ssing .assembly. 07.3 

Production of pyrogen by .some bacteria, 5(2) 
Progesterone, percutaneous potency of. 740 
Projection, screen, water color drawings for, 
271 

Propolycyte.s In Infection, 807 
Propylene glycol, comparative effects of. on 
oxyge-n consumption of organism, 
77(1 

Prosthesis, facial, application and wf:arJng of, 
123 

ProstigDJine, "de.sensitizing” do.ses of, treat- 
ment of .severe pericxlic headaches 
with, 1.710 

observations and use of, 102 
Protection of thermostats in water baths. 797 
Protective cap.s for gla.ss tissue grinders, 1.337 
Protein concentration of blood serum, specific 
gravity of, 1403 

cottonseed, ab.sorption of, from stomach, .7.7 
determinations, digestive mixture for use 
of. 1444 


sates, peptone in, zoo 
serum, determination of. 093 
undige-sted, studies in absorption of, .74 
Proteins, extraction of, from aqueous .solu- 
tion, 941 

plasma, in therapeutic fever. ifiTA 
method for e,stimating. 701 (Abst.) 
relation.ship of. to corrected .sedimentation 
rate. 1072 

serum, clinical significance of, 14.77 
direct biuret method for determination of. 
.810 

in hepatic cirrhosis, 1104 (Abst.) 
Prothrombin, 1227 (.Ibst.) 
clotting time, effect of lecithinized on, .830 
concentration in human plasma, relation of 
clotting time to, 1.07 
deficiency, 1220 (.vb-st.) 

in pulmonary tuberculosis. 97S (.\b?t.'l 
plasma. 1494 (Absui ’ 

-studies u.?tng Rus.sell viper venom, 197. 8.3(1 
tests, thromboplastins for, .35.7 
Pucher-Sherman-7'ickery method for deter- 
citric acid, modification 

Oi, 

Pulmonary a.spergiIIosis. 740 
cerebral effect time as determined by amyl 
nitnte. 1111 ^ 

Purpura. 1.39 

thrombocytopenic, es.sentlal. effect of .splenic 
extracts from, on rabbits. 7.74 
P wave in chest Lead CF: following sponta- 
neous pneumothorax. 10.7 ("“ca 

Pi-eliiis with septicemia cau.«e<l by =5 nari. 

dysenteriae. IfiOT ■" 

^^nometer for blood serum. 
pyridoxin^ hyd^chloridro^^relief of mu_-cuiar 

Pyrogen, production of. by some bacteria. .709 
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Q 

Qualitative platelet factors, estimation of, 235 
studies of bilirubin in body fluids, 1117 
Quantitative determination of blood in human 
feces, 1212 

of indoxyl compounds In urine, 91!) 
micropipette for intranasal Inoculation of 
mice with virus suspensions, 1197 
platelet factors, estimation of, 253 
studies on autithrombln, 1193 (Abst.) 


R 

Rabbit, umpbetamine sulfate-ethyl alcohol 
antagonism in, 131 

nonprotein nitrogen in blood of, retention 
of. 779 

plasma. 701 (Abst.) 

skin, staphylococcus antitoxin in areas of, 
37 ■ 

Rabbits, anemic, hematopoiesis in, S90 

effect of splenic extracts train cases of es- 
sential thrombocytopenic purpura 
on, 751 

neoarsphenamine in, variation.^ in toxicity 
of, 715 

normal, phosphate solution in. intravenous 
administration of, 03 

pathologic tissue clianges produced by sul- 
fathiazole and sulfathiazoline in. 
1013 

sensitized, capillary permeability and in- 
flammation in skin of. 59S 
Rabies, error in diagnosis of. by microscopic 
search for Negri bodies. 71 

virus, recovery of, from brain. 1203 
Rack, balancing, hematocrit tube. 92S 

test tube, 1338 

Radioactive substance in abscess, concentra- 
tion and detection of, SO 
Radio-phosphorus, clinical studies with, 1291 
Rapid section of tissue, 1011 (Abst.) 

Rat, blood sugar and structure of pancreas 
of. influence of parotid e.\tr.act on, 
510 


hypertension and systolic arterial pressure 
in, pi-oduction of, 1192 
pantothenic .acid-deficient, prevention of in- 
crustations on. 1193 

unanesthetized, pletliysmographic method 
for determining blood pressure in, 
210 

Rate, microsedimentation, 3.55 
sedimentation, in gout, 725 
in Hodgkin’s disease. 1200 
relationship of plasma proteins to cor- 
rected, 1072 

Ratio, dosage-mortality, of pentothal sodium 
with sulfanilamide, 719 
Reaction, direct diazo, 1117 
Takata--Vra. diagnostic value of, 1330 (Abst.) 
Weltmann micromethod of. 94 

serum coagulation, factors influencing, 300 
xanthoprotein. in renal insufficiency. 201 
Reactions, agglutination, in rheumatoid ar- 
thritis, 703 

toxic, to sulfapyridine. 139 
tuberculin, age incidence of. 332 
type hemolytic, of human red blood cells 
in disease, .342 


Reagent, Nessler's, by use of mercuric oxide, 
118 


Topter's, use of. in gastric analysis. Ill 
Reciprocal activity of desoxycorticosterone 
acetate and sodium in Addison’s 
disease. 1117 


Recovery of rabies virus from brain, ]2(!3 

Red blood cell counts in patients with per- 
nicious anemia, 937 
cells, glycerinated, laking of. 233 
in disease, type hemolytic reactions, 512 
corpuscle, life of, 41S 

Reducing substances in postmortem blood, 3ii.S 
(-4.bst.) 

Reflex. US . 

Regional . and seasonal variations m serum 
choline-esterase of human beings 
an 1 dogs, CIO 

Regulation of reciprocal activity of desoxy- 
corticosterone acetate .and sodium in 
Addison’s disease, 1117 


Kclatioiisliip of plasma proteins to corrected 
sedimentation rate. 1072 
Relief of muscular weakness by pyridoxine 
hydrochloride. 703 

Remnants, food, in diagnosis of intestinal 
parasites. 1030 

Renal circulation, effect of pltressin on, 1013 
disorders, 1303 

insulllclency, xanthoprotein reaction in, 201 
Residual dental infections, check on, 1151 
Resin, 1102 

ResIn-wax compositions for nioulage-making, 
109S 

Resiilration tambour. 722 

Respiratory amplitudes, differences between. 

apparatus for observation of, 1125 
infection.^, medium for blood cultures in. 
Hill (Abst.) 

obstruction, blood pressure fluctuations in, 
15,70’ 

Response, l.vmplioc.vtic, i n tliyroto.xicosis. 
study of, 1 

venous prcssui’c, to pIi.v.sioIogic saline in- 
jected intr.avenously, 1.37 
Retina, 982 (B. Rev.) 

Retraction time, clot, 1192 (Abst.) 

Revolution, social, and tlio pliysician. 279 
Rheumatic fever, formol-gel test in, 12‘2ii 
(Abst.) 

Rheumatoid artliritis, agglutination reactions 
In. 705 

Mestcr’s test in, SI 

Rigidity, local, of abdominal w.all. demon- 
stration of. 11’22 
Ring bodies, Cabot. 983 
Ringer’s-suero.so solution, use of. to produce 
diuresis, (lOti 

Rocky mountain si)otted fever, 127 (Abst.) 
Roots, liair, tensile strength of, 235 
Rubber perineum. 1129 

Russell viper venom, prothrombin studies us- 
ing. 197. S30 


S 

Salt. bile, toxicities and choleretic activities 
of. 181 

effect of. on lecovery of hippuric acid from 
urine. JOS 

solution, physiologic, laking of glycerinated 
red blood cells by, 253 
Salyrgan. 301 
Sarcoidosis, 1281 

Scalp electrodes, application of. in electro- 
cnecpbalogrupby, 1311 
Scars, apical, ctiologlc conception of, 1023 
Schizophrenic patients, application of oral 
ascorbic acid tolerance test to. JJlS 
Sclentiflc photogiwpliers, meeting of, 1357 
Sclerosis, intestinal vascular, 570 
Screen piojection. water color drawings for. 
271 

Seasonal variations in serum choline-esterase. 
010 

Secretion, urine, effect of pltressin on, 1013 
Sedimentation, urytliroc.vte. 1317, 1309 
measurement of, 1110 
rate in gout, 725 
in Hodgkin’s dise.ase, 1200 
relationship of plasma proteins to cor- 
rected. 1072 

Seitz Alter for laboratory use, 79 
Seizures, electrocardiogram in, following con- 
vulsaut drug tlierapy, 1219 
Selenized granules, Hengar, use of. 200 
Senile patients, application of oral ascorbic 
acid tolerance test to, 51S 
Sensitivity to pain, determin.ation of. 218 
Sensitization induced bv tetanus toxoid, alum 
precipitated, 20 

Sensitized r.abfaits, capillar.v permeability and 
inflammation in skin of, 598 
Seiisonieter, 219 

Septicenuu, Bacterium coli anaerogenes. lOlS 
pyelitis witli, caused by S. paradysenteriae, 
1007 

spurious mixed. 17S 
true mixed, 171 

Sera, dog. pneumococcus infected, polaro- 
graphic studies of, 213 
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Serodiiisnoi'is of .syphilii?, auio-untiboUio^ in, , 

Serologic diagnosis in liislologicaUy provcil 
chronic syphilis, 15 , . ^ 

reactions in tests for syphilis. Uhl (Anst.) 
testing, strain variation in. 1250 

Serological classiflcutlon of C. dlplitlieriuc. 

KIGO (Abst.) ^ . 

Serum allerjrv, multiple, in atopic iiuUvnluais. 

Ib7 

blood, acotylciioline esleniso in. hlO 
pyknonieter for, IbOG 
specitic gravitj* Ihi'l 
vitamin D in, 557 
chloride, 117S 
cholesterol in, 1150 

choUne-esterase, variations in, of Iiuman be- 
ings and dogs. 040 

coagulation reaction, Weltmann, factors in- 
fluencing. 

drying, method and proce<lure for, TmS 
magnesium in health and disease, 15t>l 
variations of. Old 
protein, detennination of^ 005 
in wound disruption. 270 (Abst.) 
proteins, clinical significance of. 1457 
direct biuret method for determination of. 
S40 

fcOiJium, 117S 

Sesame, cysts of, abson^tion of stilbestrol 
and theelin from, 022 

.Shaker, mechanical, for separatory funnels. 
2<I0 

.Shaking machine and containers for shaking 
sputums and body fluids. 15S2 
laboratory, 1350 

.Shields, microcenlrifuge, adapter for. S30 
S. paradysenteriac, pyelitis with septicemia 
caused by. 1007 

Shigella-Salmonella agar for isolation of 
Flexner dysenterj' bacilli, use of. 
lasi 

.Shock, anapiiylactic, e/fect of, upon blood po- 
tassium. 200 
pleural, 14S 

vascular and cellular dynamics of. 122‘ 
(Abst.) 

Silicon in nonsilicotic lungs, 1023 
Silver cobaltinitrlte method, adaptation of, 
for potassium to photoeit^ctric color- 
imeter. 000 

Simultaneous measurement of intramuscular 
and venous pressure, 1330 
Skeletal muscles, Trlchinella spiralis larvae 
in tissues other than, 13S4 
Skin, inflammation in. of sensitized rabbits. 
598 

rabbit’s, staphylococcus antitoxin in areas 
of. 37 
tests, 2S 

with br.ucellergen and brucella vaccine, 
agglutinin response of, 1244 
Slide agglutination in detecting pertussis anti- 
bodies, 792 

Slides, microscope, marking fields on, 939 
Smoking, cigarette, immediate effect of, upon 
basal metabolic rates, 787 
Soap, antifogging effect of, 7DS 
Social revolution and the physician, 279 
Sodium formaldehyde sulfoxylate. treatment 
of mercury poisoning with. 13S7 
in Addison's disease, 1117 
in diagnosis of dehydration. 1174 
pentothal anesthesia tc 
in experimental 
with sulfanilamide, . 

of. 749 ■■ 

sulfapyridine. intramuscular administration 
of. 712 

monohydrute in treatment of lobar pneu- 
monia, 443 

Solubility, sulfonamide, in urea, 15(»7 

tests for identification of pneumococci, de- 
tergent in. i.jPi 

Solution. in rabbit. 

salt. P‘'>;f<“;{>«J^^,.,JaWn,t_of-glycc.rlnated re.l 
sucrose-Ringer's. 

^resls. coii produce diu- 

1\ riglit a, staining with 351 


t>oIutions, cliL'iiiic.tl. (B. Ruv.) 

Sorbus auciii>aria. t-DT 
Soybean meal, titration of. lli; 

Si)cciHc gr.ivity of blood serum aud its pro- 
tein concentration, relation between. 

mw 

. _ ' . (leliyUration In, 107S 

'■ eteniiinalion of i)Uo.s- 

phorus ami cholesterol. 1:5-19 
Spermatozoa, nietliotl of countintT. 909 
Spirilla, 1470 
Spirillum minus, llil 

Spirochaeta pallida on cborio-allantolc mem- 
brane of deveiopins hen c;;!;, -59 
Spirochetal antibody, 1019 (Ab.st.) 

Spirochetes, lecture on, 1470 
morphology and classillcation, 1471 
of syphilis and yaws in desiccated blood 
serum, 977 (Abst.) 

Splenic e.vtracts. effect of. from cases of es- 
sential thrombocytopenic purpura on 
rabbits, 7.74 

Spondylitis rhizomelique. ilester's test in. SI 
Spontaneous pneumothora.\. P wave in chest 
Lead CFi following. 40.7 
Sporulatins bacillus, aerobic, gram-nesative 
bacteriemia produced by. 41 
Spotted fever. Rocky mountain, 197 (.Vbsl.) 
Sputum physical and chemical properties of, 
110<; (Abst.) 

trj-psin as digestant of, SOO 
Sputums, shaking machine and containers for. 
17S2 

SS agar, use of. for isolation of Flexner dysen- 
tery bacilli, lOSl 

Stain. lIaUor>'s pliosphotungstic acld-hema- 
toxylin. for formaldehyde-ft-xed tis- 
sues, 701 (Abst.) 

Staining technique, fluorescent, for detection 
of acid-fast bacilli, 5-71 
tissue, technique for formalin-fixed tissues. 
1.742 

vaginal smears, method of. 1104 (Abst.) 
with IVright’s solution. 351 
, Standardization of antigen for Eagle floccula- 
tion test. (iCO 

Standing, effect of, on cholesterol and cho- 
lesterol ester values in human blood, 
1205 

Staphylococci, recently Isolated strains of. 
eiJ3 

Staphylococcus aureus infections in mice, 
therapeutic effect in. 1279 
antitoxin in areas of rabbit’s skin. 37 
Statistical study of temperatures in hypogly- 
cemic coma, 11 
Sternal marrow, 416 (Abst.) 

Steroid hormones, anesthetic, and penta- 
methylenetetrazol. antagonism be- 
tween. 1051 

Sterol, corn germ, deterioration of, S3 
Stetboscopic heart records. 9S1 (B. Rev.) 
Stilbestrol, absorption of, from cysts of 
sesame and peanut oils. 022 
use of. 297 

Stomach, absorption from. .74 
tubing small animals, method for, 352 
“Stored” blood. 129 (Abst.) 

Strain variation in serologic testing. 1259 
Strength, tensile, of plasma clots. 1333 
Streptococci, presumptive test for groun A. 
130 (Abst.) 

Streptococcus ^in^ections. sulfonamide therapy 

Stretch of plasma clots. 13.33 
Studies on melanuria. GS7 
Sucrose-Ringer’s solution, use of. to produce 
diuresis. COO 

Sugar, blood, curves, intravenous, measure- 
ment of, 491 

Sulfaguanidine concentration of, in peripheral 

DlOOCl, (o>J 

Sulfanilamide eiythrocyte fragility changes 
produced by. 41S (Abst.) '-“‘‘"ses 
for treatment of gonorrhea of anal canal, 

estimation 

micro test for. 552 (Abst ) 
toxicity of, 1270 
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2-Sulfanilyl-3-5 dihydrotliiazole. chemothera- 
peutic studies of, 127U 

Sulfaniiylguanidine, concentration of, in pe- 
ripiieral biood, 7S3 

Suifapyridine in bioiogicai fluids, method for 
estimation of, !)7S (Abst.) 
monohydrate, sodium, in treatment of lobar 
pneumonia, 413 

■ sensitivity of pneumococci to, 127 (Abst.) 
sodium, intramuscular administration of, 
712 

toxic reactions to, 130 

Sulfate-ethyl alcohol, amphetamine, antago- 
nism in rabbit, 131 

Sulfathiazole, pathologic tissue changes pro- 
duced by, 1043 

Sulfathiazoline, chemotlierapeutic studies of, 
1270 

pathologic tissue clianges produced by, KMS 

.Sulfonamide, and Ziehl-Neelsen stain, 1100 
(Abst.) 

blood, determination, micrometliod for, ]3.jj 
compounds in treatment of poliomyelitis of 
mice, ineffectiveness of. 110(5 
derivatives, treatment with, of gonorrheal 
urethritis in male. 1001 
in blood, method for determining. 827 
Marshall’s micro method, adaptation of. to 
photoelectric colorimeter, 1218 
solubility in urea, 1.107 
therapy of streptococcus infections by in- 
travenous drip method. 1208 

Superior mediastinum, lesions in. 008 

Surface area of human erythrocyte. 1280 

Surgery, abdominal, in experimental animals. 

sodium pentothal anesthesia for. 
1199 

Surgical technique for deviating urine into 
blood stream. 1580 

Suspending bottle, method of. 1330 

Suspensions, virus, iiitranasal inoculation of 
mice with. 1197 

Symposia, biological. 1228 (B. Rev.) 

Syndrome simulating diabetes insipidus in 
dogs induced by deso.xycorticosteroiie 
acetate. 1009 

Synopsis of allergy, 982 (B. Rev.) 

Synovial fluid, 702 (Abst.) 

Syphilis, 1012 (Abst.) 
cardiovascular. 17 
central nervous system. IS 
chronic serologic diagnosis in histologicallv 
proved, 15 

Kahn veriflcation test in, 1105 (Abst.) 
Laughlen test for. 77. 374 
of alimentary tract. 17 
serodiagnosis of. auto-antibodies in, 729 
serologic reactions in tests for. 1104 (.Vbst.) 

.Systemic histoplasmosis, 419 
Infection and edema, synovial membrane 
abnormalities resuiting from, 702 
(Abst.) 

S.vstolic arterial pressure, indirect determina- 
tion of, in rats, 1192 


T 

Taka-diastase, effect of, on gastric digestion. 
309 

Takata-Ara reaction, diagnostic value of 
1359 (Abst.) 

Tambour, respiration, 722 
Target cells in anemia. 1103 (Abst.) 

Tarry stool, 1491 (Abst.) 

Technical factors of erythrocyte sedimenta- 
tion. 1321 

Technique, bacteriological, 275 (Abst.) 
for delayed typing of pneumococcus, 805 
of Nelson and Terry, method of preparing 
tissues for microscopic examination. 
537 

Tellurite, 1013 (Abst.) 

rosolic acid medium for B. dysenteriae 
(Plexner), 977 (Abst.) 
test for diphtheria, 702 (Abst.) 

Temperature studies on intravenous fluids. 
1104 

Temperatures, effect of lowered, upon ftbro- 
blast in vitro. 400 
in hypoglycemic coma, 11 


Tensile strength of hair and hair roots, 233 
of plasma clots, 1333 
Terry and Nelson techniques. 537 
Test, ascorbic acid tolerance. 518 
Benhold's, for amyloidosis. .931 
ccphalin-cholesterol flocculation, 777 
Congo red. for amyloidosis, 1225 (.■tbst.) 
Eagle flocculation, antigen for. 000 
for group A streptococci, presumptive, 130 
(Abst.) 

hlppurlc acid liver function, 1593 
Kahn veriflcation, JlOo (.Vbst.) 

Kolmer complement fixation, complement- 
antigen combination for use in. 97 
Laughlen. for syphilis, 77, 374 
McClure-Aldrlch, 851 (Abst.) 
meals, Topfer's reagent in gastric analysi.s 
after. Ill 

Mester’s in rheumatoid arthritis and spon- 
dylitis rhizomelique, SI 
micro, for sulfanilamide and its derivatives, 

852 (Abst.) 

opsonocytophagic in acute diarrhea, 347 
precipitin, for trichinosis, 1100 (Abst.) 
prothrombin, thromboplastins for,.3S5 
skin, with brucellergen and brucella vac- 
cine. 1244 

solubility, for identifleation of pneumococci, 
detergent in. 1591 

tellurite, test for diphtheria, 702 (.Vbst.) 
tube rack, 133S 

V'an Slyke urea clearance, nomogram of, 
201 • . 
vasodilatation, in peripheral' vascular dis- 
ease. 878 

Webster, for T.N.T. derivative in urine, 

853 (Abst.) 

Testosterone propionate changes following ad- 
ministration of. 917 

Tetanus toxoid, alum precipitated, sensitiza- 
tion induced by, 20 

Tetany in dogs, syndrome simulating diabetes 
insipidus, 1009 ■ 

paratliyroprlvic, use of dihydrotacliysterol 
In. 497 

Text of motion picture, lecture on spirochetes, 
1470 

Tlicelln, absorption of, from sesame and pea- 
nut oils, (>22 

Therapeutic fever, plasma proteins in, 1951 
Therapy, fever, physiologic studies during, 
1135 

sulfonamide, of streptococcus • infections, 
12CS 

Tliermost.ats, protection of, in water batlis, 
707 

Thioglycollate medium, iise of, 671 
Three test tube method, direct diazo reaction 
by. 1-117 , , 

Thrombic activity of globulin fraction derived 
from rabbit plasma, 704 (Abst.) 
Thrombin, rabbit, as local hemostatic, 704 
(Abst.) 

Thrombocytopenic purpura, essential, effect 
of splenic extracts from, on rabbits, 
754 

Thromboplastins for prothrombin tests, 3S5 
Tliymoxyethyldiethylamine, pharmacology of, 
2S0 

Thyroid function, fliidiugs in patients with 
normal, 043 

relation of blood iodine to, 703 (Abst.) 
Thyrotoxicosis, lymphocytic i*esponse in. 
study of, 1 

Time, influence of, on venous pressure re- 
sponses to physiologic saline, 137 
Tissue, formaldehyde-flxed, stain for, 701 
(Abst.) 

for microscopic examination, method of pre- 
paring, 537 
grinders, glass. 1337 

method for rapid sections. 1014 (Abst.) 
pathologic, changes in rabbits. 1043 
polyvinyl alcohol injections on; effects of, 
1131 

staining method for gram-positive and 
gram-negative organisms in frozen 
sections, 977 (Abst.) 

technique for formalin-flxed tissues, 1342 
washer, multiple, 073 
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Titration anil stanilanllzatlon of antlBcn for 
Eagle tlocculatlon lest. tiliO 
, of soybean meal. H'- , , . , „ 

T X.T derivative In urine, test for. b.>.s 
(Abst.) , . , 

Topfer’s reagent In gastric ' analysl.s. use of. 

after test meals of milk, cream, or 
soybean blscult.s. Ill 

Torula. dead. Immunity from Injections of. 
To— 

hlstolytlc lu mice, immunity .studies of. 751 
Toxic principles of venom of the Australiun 
tiger snake Xotecliis scutatus. co- 
agulant from. 45 
reactions to sulfapyrUUne. 1*10 
Toxicltles and clioleretic activities of bile 
salts, ISl 

Toxicity of antiseptics, 1452 , . 

of neoarsphenaminc in rabbits, daily varia- 
tions in. 715 ^ 

in white rats, daily variations in, *10 
of neoprontosil by intravenous administra- 
tion. 12&S 

Toxoid, tetanus, alum precipitated. 2G 
Transfusion, blood for, collection of, 1070 
Transfusions. 703 (Abst.) 

“Transparent chocolate agar,** G5G 
Treponema buccale, 1474 
cuniculi. 1480 
microdentium. 1475 
pallidum, 147G 
pertenue. 14S0 
recurrentls, 1473 
vincenti, 1474 

Trlchlnella spiralis lar\'ae in tissues. 13S4 
Trichinosis, 127 (Abst.) 

precipitin test for, llOG (Abst.) 

Tr>*pan blue in areas of skin injected with 
histamine. 15oG 

Trypsin as 'digestant of sputum. SOG 
determination of, in duodenal contents, 835 
Tube agglutination, comparison of slide with. 


for centrifugation. 2o2 
Tubercle bacilli. 41G (Abst.) 

concentration of. 1494 (Abst.) 

■ culture of, 130 (Abst.) 
demonstration. 130 (Abst.) 

factors influencing. 84 
detection of, 274 (Abst.) 
sedimentation of. factors influencing, .S8 
Tubercular lesion of color and abdominal 
wall, 272 

Tuberculin reactions, age incidence of, 332 
Tuberculosis, criteria differentiating sarcoido- 
sis from, 1284 

pulmonar>', prothrombin deficiency in, 978 
(Ab.st.) 

vitamin K in. 1611 (Abst.) 

Tubing, stomach, small animals. 352 
Tubo-ovarian abscess, 272 
Tularemia, 701 (Ab.st.) 

Tumors, detection of, 60 

Type hemolytic reactions of human red blood 
cells in disease, 542 
Typing, delayed, of pneumococcu.s, 805 
Tyrosine equivalent method, protein values 
determined by, 416 (Abst.) 


V 

“Ulcer-bearing area," l.jOl 

Ultraflltration, mercur>’ vacuum release for 
120G 

University men and women, effect of cigarette 
smoking upon basal metabolic ratei 
of, TS7 

of California Hospital formulary, 1109 (B 
Rev.) 

Unknown, preparation and analy.sls of. 1600 

Urea, blood, micromethod for determinatioi 
of. 1222 

clearance^^test. Van Slyke, nomogram of 

idtrogin In biological fluid.s. .391 

i^ulfojiamMe .solubility in. 1567 


Urethritis, gonorrheal, in mule, treatment of. 

Urinary cholesterol, deterinlnation of, 1093 
Urine, androgenic and estrogenic substances 
In, of euniiclioid and castrate men, 
917 

flow of dog <luring fever, changes In. 1306 
hippuric acid from, effect of added salts 
on, recovery of, 108 
indoxyl compounds in. 949 
Inulln in, colorimetric determination of, llo 
method for rapid alkallnization of. 128 
(Ab.st.) 

secretion, effect of pitressin on, 1013 
surgical technique for deviating, into blood 
stream, 1.586 

T.X.T. derivative in. Sr>:j (Abst.) 
urobilinogen in,^ 977 (Abst.) 

Urines and broth, frozen, preservation' of 
gonococcus in, 129 (Abst.) 

Urobilinogen In feces and urine, 977 (Abst.) 

Urology award, 418 


V 


Vaccine, brucella, skin tests with, 1244 
Vacuum release, mercury, 1206 
Vaginal flora in children, 1107 (Abst.) 

smears, method of staining, 1104 (Abst.) 
Values for acetylcholine esterase in blood 
serum of normal persons and pa- 
tients with variou.s diseases, 649 
Van Slyke urea clearance test, nomogram of, 
201 

Variability of basal metabolism data, effect • 
of operator on, 1328 

Variation, strain, in serologic testing, 1259 
Variations, anticoagulation as a technical 
source of. 15C9 

in toxicity of neoarsphenamine, 715. 719 

of serum magnesium in health and disease, 
1301 

in normal and pathologic patients. CIG 
Vascular and cellular dynamics of shock. 
1227 (Abst.) 

disease, oeripheral, vasodilatation tests in, 
878 

sclerosis, intestinal. .570 
A'^asodilatation tests in peripheral vascular 
disease, 878 

Venom of Australian tiger snake (Xotechis 
scutatus). 45 

Russell viper, prothrombin studies using, 
197. 830 

Venous ciiculation, lesions w'hich interfere 
with, 90S 

pressure, apparatus for measurement of, 
13.39 


response to physiologic saline, 157 
red blood cell counts in patients with per- 
nicious anemia, 937 
serum, protein content of. 14.57 
Viper venom, Russell, prothrombin studies 
using, 197. S.30 


viiu*. xauies, recovery or. irom brain, 1203 
suspensions, micropipette for intranasal in- 
oculation of mice with. 1197 
Visual colorimetry, 840 
Vital capacity studies in the aged. 737 
Vitamin A, comparative physiologic value of 
injected. 502 

parenteral administration of. 506 
B complex, influence of, on recoveri*^ from 
fatigue. 1396 

microbiological assay method for. lOSC 
C and senility. .524 

and serum protein in wound disruption 
^ 2i6 (Abst.) 

D in blood serum, .557 

K, effect o£ on Patients with prothrombin 
deficiency. 1220 (Abst.) 

in tuberculosis. 1011 (Abst.) 

Volume, blood, produced by diabetic acidosis 
. changes in. 1109 .-‘uusis. 

influence of. on venous pressure responses 
to physiologic saline. 157 
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W 

■\Vasseriiiann reaction, relation of spirochetal 
antibody to, 1()12 (Abst.) 

Water baths, protection of thermostats in. 
797 

color drawings for screen projection, 27J 

AVax, lt02 

Wax-resin compositions for moulage-making, 
109S 

AVebster test for T.N.T. (ierivative in urine, 
S33 (Abst.) 

AVeitmann reaction, microinethod of, !)} 
serum coagulation reaction, factors intluenc- 
iug. 3GG 

AA^etting agents. 219 

AVhoIe blood, cholesterol in. 1-139 
in lungs of dogs, ll-l-l 

AVilson and Blair medium, 1339 (Abst.) 


AAlound healing, effect of lowered tempera- 
tures upon- growtli of fibroblast la 
vitro in, -IGI) 

AA'riglifs .solution, staining witii, 351 


X 

Xiinthoprotciii reaction, in renal insudlcieiicy. 
201 : 

Y 

Yeast, effect of, in malnouri.shed persons witli 
pellagra and peripliei'al neuritis, 027 


Z 

Ziehl-Ncelsen stain, sulfonamides and, 110(1 
(Abst.) 






